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P R E F A C E . 

T H E P R E S E N T W O R K completes the o u t l i n e o f the Organ i s a t i on 

o f the A n i m a l K i n g d o m w h i c h was b e g u n i n t h a t on the I n v e r t e 

bra tes . 1 T h e y m a y be r ega rded as par ts o f a w h o l e , h a v i n g the 

same gene ra l a i m , and , toge the r , f o r m a condensed summary o f 

t h e subjects o f m y ' L e c t u r e s on C o m p a r a t i v e A n a t o m y and 

P h y s i o l o g y , acco rd ing t o t h e Classes o f A n i m a l s , ' de l ive red i n the 

T h e a t r e o f the R o y a l Col lege o f Surgeons o f E n g l a n d i n the 

years 1852 , 1853 , a n d 1854. 

I n the choice o f f ac t s , as t h e n a n d since acqu i r ed b y science, 

I have been g u i d e d b y t he i r a u t h e n t i c i t y and t h e i r a p p l i c a b i l i t y 

t o gene ra l p r inc ip le s . 

I n t h e first, r e g a r d has been h a d to the agreement o f several 

observers , o r t o the n a t u r e o f the f a c t as m a k i n g i t acceptable o n 

t h e t e s t i m o n y o f a s ing le expe r t . Appearances t h a t r e q u i r e helps 

t o v i s i o n are those t h a t c a l l f o r m u l t i p l i e d c o n c u r r i n g t e s t i m o n y , 

a n d o n such alone are o f f e red t h e descr ip t ions a n d i l l u s t r a t i o n s o f 

t h e mic roscop ica l characters o f 6 t i s sues ' p remised t o most o f the 

chapters . 
I n t h e second a i m , t h e par t s and organs , s eve ra l ly the subjects 

o f these chapters , are e x e m p l i f i e d b y instances selected w i t h a 

v i e w t o g u i d e o r he lp to the p o w e r o f app rehend ing the u n i t y 

w h i c h under l i e s t h e d i v e r s i t y o f a n i m a l s t r u c t u r e s ; to show i n 

these s t ruc tu re s the evidence o f a p r e d e t e r m i n i n g W i l l , p r o d u c i n g 

1 Lectures on the Comparative Anatomy and Physiology of the Invertebrate 
Animals, 8vo. 1843; 2nd ed. 8vo. 1855. 
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t h e m i n reference to a final purpose ; a n d to i nd i ca t e t h e d i r e c t i o n 

a n d degrees i n w h i c h o rgan isa t ion , i n subse rv ing such W i l l , rises 

f r o m the genera l to the p a r t i c u l a r . 

A n a t o m y , or t h e ' Science o f the S t r u c t u r e o f Organised. 

Bodies , ' is p r i m a r i l y d i v i d e d i n t o 1 P h y t o t o m y , ' or t h a t o f p l an t s , 

a n d ' Z o o t o m y , ' or t h a t o f animals . W h e n p a r t i c u l a r p rov inces , 

classes, or species o f animals have monopol i sed the t i m e and s k i l l 

o f anatomists , such special knowledges have received p a r t i c u l a r 

denomina t i ons : such as s M a l a c o t o m y , ' or ana tomy o f m o l l u s c a ; 

' E n t o m o t o m y , ' or ana tomy o f insects ; ' I c h t h y o t o m y , ' or a n a t o m y 

o f fishes ; c O r n i t h o t o m y , ' or ana tomy o f b i rd s , & c . 

A n an ima l m a y be dissected i n order t o a k n o w l e d g e o f i t s 

s t r uc tu re , absolu te ly , w i t h o u t reference to or compar i son w i t h a n y 

other , i t s species b e i n g regarded as s t a n d i n g alone i n c r ea t ion . 

T h e knowledge so ga ined , f r o m the v e r y l i m i t a t i o n o f t h e field o f 

e n q u i r y , m a y be most accurate a n d m i n u t e , mos t v a l u a b l e i n i t s 

app l i ca t ion to the repa i r o f accident , the r e m e d y o f i n j u r y a n d 

decay, a n d the cure o f disease. Such , e.g., is ' A n t h r o p o t o m y , ' 

or the ana tomy o f m a n , a n d e H i p p o t o m y , ' or t h a t o f t h e horse. 

Besides the numerous a n d exce l len t w o r k s o n these special s u b 

jec ts , I m a y c i te the e T r a i t e A n a t o m i q u e de l a C h e n i l l e d u Saule , ' 

4 to . , 1762 , b y L Y O N N E T ; t he c A n a t o m e T e s t u d i n i s Europaaae,' 

f o b , 1819, b y B O J A N U S ; t h e ' A n a t o m i e D e s c r i p t i v e d u Melolon-

tlxa vulgaris? Ato., 1828, and the e A n a t o m i e D e s c r i p t i v e d u C h a t , ' 

4 to . , 2 vols . , b y S T R A U S - D U R C K H E I M ; also, i n app l i c a t i on o f t h e 

science to a r t , e T h e C a m e l , i t s A n a t o m y , P r o p o r t i o n s , & c . , ' f o b , 

1865, b y E L I J A H W A L T O N ; as unsurpassed examples o f t h i s 

monograph ica l k i n d o f ana tomica l science. A s a p p l i e d to M a n i t 

is c o m m o n l y ca l led c H u m a n A n a t o m y , ' a n d i s , i n s t r ic tness o f 

speech, one o f the m a n i f o l d ways o f h u m a n w o r k . 

B u t the anatomis t m a y a p p l y h i m s e l f t o a p a r t i c u l a r o r g a n 

ins tead o f a p a r t i c u l a r species, e i the r e x h a u s t i v e l y i n one a n i m a l , 

or b y t r a c i n g such o r g a n or sys tem t h r o u g h o u t t h e a n i m a l k i n g 

dom. T h e ' N e u r o t o m i e s ' and ' N e u r o g r a p h i e s ' t o w h i c h J O S E P H 

S W A N , e.g., has devoted a labor ious l i f e , the c O s t e o g r a p h i e ' o f 
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D E B L A I N V I L L E , a n d m y o w n ' O d o n t o g r a p h y , ' are examples o f 

th i s w a y o f ana tomy . J O H N H U N T E R assembled the evidences 

o f his l abours , i n the u n i q u e and g r a n d depa r tmen t o f his M u s e u m 

i l l u s t r a t i v e o f ana tomy p r o p e r l y so ca l led , i n series accord ing to 

t h e o r g a n , b e g i n n i n g w i t h t h e s implest f o r m , f o l l o w e d i n succession 

b y t h e p rogress ive ly more complex condi t ions o f the same organ , 

t h e series c u l m i n a t i n g , i n most cases, w i t h t h a t w h i c h exists i n 

t h e h u m a n f r a m e . T h e mechanism o f the o rgan is here u n f o l d e d , 

a n d i t s g rada t ions were compared , t o discover i t s mode o f w o r k 

i n g ; a n d , as ' P h y s i o l o g y ' m a i n l y consists i n such de te rmina t ions 

o f f u n c t i o n s or final a i m , th i s k i n d o f i n v e s t i g a t i o n o f organic 

s t ruc tu res m i g h t be t e r m e d c P h y s i o l o g i c a l A n a t o m y . ' 1 

c H o m o l o g i c a l A n a t o m y ' seeks i n the characters o f an o rgan 

and p a r t those, c h i e f l y o f r e l a t i ve pos i t ion and connect ions, t h a t 

g u i d e t o a conc lus ion mani fes ted b y a p p l y i n g the same name t o 

such p a r t or o rgan , so f a r as the d e t e r m i n a t i o n o f the namesakeism 

or h o m o l o g y has been c a r r i e d o u t i n the a n i m a l k i n g d o m . T h i s 

a i m o f a n a t o m y concerns i t s e l f l i t t l e , i f a t a l l , w i t h f u n c t i o n , and 

has l e d to general isat ions o f h i g h i m p o r t , b e y o n d the reach o f one 

w h o rests o n final causes. I t has been t e r m e d , g r a n d i l o q u e n t l y , 
( T r a n s c e n d e n t a l ' a n d ' P h i l o s o p h i c a l ; ' b u t eve ry k i n d o f ana tomy 

o u g h t t o be so p u r s u e d as t o deserve the l a t t e r ep i the t . 

A f o u r t h w a y o f a n a t o m y is t h a t w h i c h takes a p a r t i c u l a r 

species i n t h e course o f i n d i v i d u a l deve lopmen t , f r o m the i m p r e g 

na t ed o v u m , t r a c i n g each o r g a n step b y step i n i t s e v o l u t i o n u p 

t o t h e a d u l t c o n d i t i o n . I t is ca l led e E m b r y o l o g y ' and ' D e v e l o p 

m e n t a l A n a t o m y . ' 

A fifth w a y o f a n a t o m y is t h a t w h i c h invest igates the s t r u c t u r e 

o f an a n i m a l i n i t s t o t a l i t y , w i t h the v i e w o f l e a r n i n g h o w the 

f o r m or state o f one p a r t or o r g a n is necessi tated b y i t s f u n c t i o n a l 

connec t ions w i t h another , and h o w the co -o rd ina t ion o f organs is 

adap t ed t o t h e hab i t s a n d sphere o f l i f e o f the species ; b u t does 

1 See ' Descriptive and Illustrated Catalogue of the Physiological Series of Com
parative Anatomy in the Museum of the Royal College of Surgeons,' 4to. 5 vols. 
1832-1840 ; 2nd ed. vol. i . 1852. 
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n o t stop here , h a v i n g f o r i t s m a i n end t h e compar i son o f these 

associated modi f ica t ions and interdependencies o f organs i n a l l t h e 

species o f animals . A s t h e i r degrees o f a f f i n i t y and the characters 

and c i r c u m s c r i p t i o n o f n a t u r a l g roups are he reby i l l u s t r a t e d , t h i s 

w a y m a y be t e r m e d ' Zoo log i ca l A n a t o m y . ' 

I n the hands o f the anatomis t t h e microscope has been m a i n l y 

app l ied to the cons t i tuen t parts o f an o rgan , ca l led ' t i s sues ; ' and 

the results o f such research, combined w i t h those o f chemica l 

tests, cons t i tu te a s i x t h sort o f ana tomy ca l led e H i s t o l o g y . ' I t 

has been t e rmed £ M i c r o s c o p i c a l A n a t o m y , ' b u t th i s is essent ia l ly 

o n l y a more r e f i n e d m e t h o d o f the s c r u t i n y o f o rganic par ts . I n 

so f a r , however , as * H i s t o l o g y ' t reats o f s t r u c t u r e acco rd ing to 

the p r o x i m a t e tissues common to d i f f e r e n t organs, i t corresponds 

w i t h the b r anch o f the science w h i c h B I C H A T , i t s f o u n d e r , c a l l e d , 

loosely , ' A n a t o m i e G e n e r a l e . ' 1 

F i n a l l y , a seventh w a y i n w h i c h the h ighes t general isat ions i n 

b io log ica l science m a y be a imed at is t h a t w h i c h is t a k e n w h e n 

w e pursue inves t iga t ions o f f o r m and s t ruc tu r e b e y o n d t h e an imals 

t h a t are to those t ha t have been. H e r e , howeve r , t he ana tomis t 

is l i m i t e d , as a r u l e , t o such tissues and organs as are p e t r i f i a b l e , 

e.g., corals, shells, crusts , scales, scutes, bones, a n d t e e t h ; b u t he 

has been s t i m u l a t e d to a degree o f minuteness and accuracy o f 

observat ion i n th i s field o f research to w h i c h f e w o f the o the r 

ways and aims w o u l d have l ed h i m . I n a p p l y i n g the resul ts o f 

such researches to the res tora t ion o f e x t i n c t species, p h y s i o l o g y 

has benef i ted b y t h e s tudy o f the re la t ions o f s t r u c t u r e to f u n c t i o n 

requis i t e t o ob ta in an i n s i g h t i n t o the f o o d , hab i t s , and sphere o f 

l i f e o f such species; and zoology has ga ined an immense accession 

o f subjects t h r o u g h such de te rmina t ions , w i t h i m p r o v e d systems 

o f c lassif icat ion due to the expanded s u r v e y o f o rgan ic n a t u r e 
opened o u t b y ' Palaeontology. ' 

T h e w o r d £ A n a t o m y ' is s t i l l c o m m o n l y used t o s i g n i f y < A n t h r o -

po tomy , ' or < H u m a n A n a t o m y . ' A l m o s t a l l b e g i n t h e s t u d y o f 

the science, as medica l s tudents , w i t h the dissect ion o f the h u m a n 

1 Anatomie Generale, appliquee a la Physiologie, &c , 8vo. 1801. 
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b o d y , a n d mos t end the re ; b u t no special ana tomy can be r i g h t l y 

a n d f u l l y under s tood save o n t h e basis o f the genera l science o f 

w h i c h i t is an i n t e g r a l pa r t . T h e reason lies i n the d ivers i t ies o f 

o rgan ic s t r u c t u r e b e i n g subord ina ted t o a p r i n c i p l e o f u n i t y . O f 

th i s p r i n c i p l e , apprehended as an ' i d e a ' or t r u t h o f reason, the 

u n d e r s t a n d i n g receives evidences i n n u m b e r and comprehen-

s i b i l i t y d i f f e r i n g i n d i f f e r e n t n a t u r a l g roups o f the an ima l k i n g 

d o m . I l l u s t r a t i o n s o f the (idea' w i l l be f o u n d i n the chapters o n 

the A r t i c u l a t e P r o v i n c e and o ther par ts o f the ' L e c t u r e s o n I n 

ver tebra tes , ' and , i n accordance w i t h the present phase o f ana

t o m i c a l science, more a b u n d a n t l y i n t h e present W o r k . T r u e i t is 

t h a t i n t h e f i r s t steps to o rgan isa t ion we seem to see a t endency to 

d i s i n t e g r a t i o n , t o a r e d u c t i o n o f the p r i m a r y whole to the sub

o rd ina te characters o f a p a r t . T h e first centre o f sarcode, or 

u n d i f f e r e n c e d o rgan ic m a t t e r , however o r ig ina t ed , y e t w i t h de

finite tendencies to f o r m a l character and course o f g r o w t h (as i n a 

F o r a m i n i f e r , e .g . ) , buds f o r t h a second centre o f i d e n t i c a l n a t u r e ; 

t h i s a t h i r d , a n d so o n , u n t i l a g r o u p o f " such exists as an assem

blage o f coherent homogeneous or l i k e parts . These, i f c lo thed b y 

a del ica te c r u s t o f charac ter i s t ic s t r u c t u r e , cons t i tu te a chambered 

she l l , s t r a i g h t , b e n t , or sp i r a l , each chamber occupied b y t h e 

same v i l a l sarcode, o u t s h o o t i n g filamentary f o o d - g e t t i n g processes 

t h r o u g h the she l l -pores ; i n w h i c h seeming c o m p l e x i t y the i n c i 

p i e n t u n i t y or e w h o l e ' is r educed to the ' p a r t ' ca l l ed inne rmos t 

chamber , or is conce ivable as a lesser w h o l e i n the l a rge r one. 

T h e A n n e l i d e s o f f e r a f a m i l i a r example o f such repe t i t ions o f a 

p r i m a l c o m p l e x l y o rgan i sed w h o l e , b y successive budd ings i n a 

l i n e a r d i r e c t i o n ; t h e nerve-cent re , t he muscles , t he skeleton-seg

m e n t , perhaps hea r t a n d g i l l s , b e i n g r e g u l a r l y repeated i n each, 

a n d t h e r e b y r e d u c i n g t h e o r i g i n a l w h o l e to one o f m a n y par t s o f 

a segmented u n i t y . 
A l m o s t e v e r y o r g a n i n the p rogress ive ly d i f f e r enced o rgan i sm 

i n i t i a t e s i t s e l f u n d e r a s i m i l a r charac ter o f i r r e l a t i v e r e p e t i t i o n , 

sugges t ive o f operance a k i n t o t h a t o f i n o r g a n i c p o l a r g r o w t h s , as 

i n a g r o u p o f c rys ta l s , w h e r e i n each exempl i f i e s the characters 
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o f the m i n e r a l or c r y s t a l l i n e species, b u t is sub jec t , l i k e v i t a l 

g r o w t h s , t o occasional m a l f o r m a t i o n . 

A s th i s p r i n c i p l e o f g r o w t h b y m u l t i p l i c a t i o n o f l i k e par t s is 

mani fes ted more c o m m o n l y and e x t e n s i v e l y i n p lan t s , i t is i l l u s 

t r a t e d i n the c I n v e r t e b r a t e V o l u m e ' 1 u n d e r the t e r m c V e g e t a t i v e 

R e p e t i t i o n . ' I n the ve r t eb ra te series i t is e x e m p l i f i e d b y t h e 

hundreds o f s imi la r t ee th i n the j a w s o f m a n y o f t h a t l o w class 

(Pisces) i n w h i c h t r u e d e n t i n a l t ee th first appear i n the a n i m a l 

k i n g d o m . T h e numerous a n d s imi l a r m a n y - j o i n t e d t e r m i n a l d i v i 

sions o f the pec tora l l i m b s o f the fishes thence ca l l ed e R a y s , ' t h e 

m u l t i p l i e d s imi la r endoskeletal segments o f the v e r t e b r a l c o l u m n o f 

these a n d other ca r t i l ag inous fishes, o f muraenoids and serpents, are 

l ikewise l i n g e r i n g exempl i f i ca t ions o f the l o w i r r e l a t i v e p r i n c i p l e 

o f development . 

I n the ve r t eb ra l embryo the first appearance o f the par ts o f t h e 

ske le ton , i n g r i s t l e or bone, is a segmental one ; i n fishes t h e m u s 

cu la r sys tem shows m u c h , and i n a l l Ve r t eb ra t e s a l i t t l e , o f t h e 

l i k e segmental cons t i t u t i on o f the t r u n k ; the same idea is sugges ted 

b y the s y m m e t r i c a l a n d p a r i a l o r ig ins o f the nerves , a n d p h y 

siologists have m e n t a l l y recognised a cor responding segmenta l 

cond i t i on o f the m y e l o n or sp ina l c h o r d , w h i c h is v i s i b l y e x e m 

p l i f i e d i n cer ta in fishes. B u t these appearances are concea led b y 

the genera l t e g u m e n t ; no t exposed, as i n the A r t i c u l a t e s , i n w h i c h 

the segmented skele ton is a t t he same t i m e t egumen t . A V e r t e 

bra te m a y be def ined as a c lo thed sum o f segments. B u t i n t h i s 

h ighes t p rov ince o f the a n i m a l k i n g d o m g r o w t h b y r e p e t i t i o n o f 

par t s r a p i d l y gives place to the h i g h e r mode o f d e v e l o p m e n t b y 

t h e i r d i f f e r e n t i a t i o n and co r re l a t ion f o r d e f i n i t e acts a n d c o m p l e x 

func t i ons . Never theless , I am const ra ined b y evidence to a f f i r m 

t h a t i n the ve r tebra te as i n the i nve r t eb ra t e series there is m a n i 

fes ted a p r i n c i p l e o f deve lopment t h r o u g h po la r r e l a t ions , w o r k 

i n g b y r e p e t i t i o n o f act and b y m u l t i p l i c a t i o n o f l i k e pa r t s , con 

t r o l l e d b y an opposite t endency t o d i v e r s i f y t h e c o n s t r u c t i o n a n d 

e n r i c h i t w i t h a l l possible f o r m s , p ropor t ions , and m o d i f i c a t i o n s o f 

1 Op. eit. 2nd ed. p. 541. 
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p a r t s , conduc ive to the f u l f i l m e n t o f a p re -orda ined purpose and 

a final a i m : these opposite y e t r e c ip roca l l y c o m p l e m e n t a l fac tors 

co-opera t ing t o t h e u l t i m a t e r e su l t , w i t h d i f f e r e n t degrees o f dis

t u r b a n c e , y e t w i t h o u t d e s t r u c t i o n , o f t h e evidences o f the t y p i c a l 

u n i t y . 1 

T h u s , t h e d e n t i t i o n o f Ve r t eb ra t e s w i l l be seen to pass f r o m 

i r r e l a t i v e sameness a n d m u l t i t u d e t o the state i n w h i c h the t ee th 

i n t h e same j a w are classed accord ing to divers i t ies o f f o r m and 

f u n c t i o n , and where each t o o t h has i t s o w n character , bears i t s 

o w n n a m e a n d s y m b o l . 

I n l i k e m a n n e r m a y be t r aced the g rada t ions b y w h i c h the 

t e r m i n a l d iv is ions o f t h e l i m b ascend f r o m the m u l t i t u d e o f m a n y 

j o i n t e d r a y s , swa thed i n a c o m m o n sheath o f i n t e g u m e n t , t o i n d i 

v i d u a l f r e e d o m , w i t h r e d u c t i o n o f n u m b e r a n d o f joints, , and w i t h 

a special f o r m a n d a c t i o n ; accord ing t o w h i c h each d i g i t i n the 

h u m a n h a n d , e.g., has i t s special name a n d s y m b o l , a n d can be 

c o m b i n e d i n ac t ion w i t h a n y o ther d i g i t f o r a p a r t i c u l a r purpose. 

T h e same p r i n c i p l e , t h r o u g h r e d u c t i o n o f n u m b e r w i t h d i f f e r e n 

c i n g o f the p a r t s , is e x e m p l i f i e d b y the f a c t t h a t the competent 

a n t h r o p o t o m i s t w i l l d i s t i n g u i s h a n d name each o f the f o u r a n d 

t w e n t y e t r u e ver tebrae ' o f t h e h u m a n skele ton. 

I n t h e M a m m a l i a n class the re are f o u r muscu l a r pu lsa t i le 

cav i t i es concerned i n the p r o p u l s i o n o f b l o o d ; b u t t h e y d i f f e r f r o m 

those cavi t ies i n t h e A n n e l i d e , i n each h a v i n g i t s o w n special 

s t r u c t u r e a n d power s , and b e i n g i n such r e l a t i o n w i t h another 

c a v i t y t h a t t h e w h o l e can combine to ef fec t t w o comple te b u t 

m u t u a l l y r e l a t e d systems o f c i r c u l a t i o n , t h e f o u r pu lsa t i le cavi t ies 

c o n s t i t u t i n g one c o m p l e x a n d pe r f ec t ' hear t . ' T h e ox has f o u r 

bags f o r t h e d ige s t i on o f f o o d ; b u t t h e y d i f f e r f r o m those cavi t ies 

o f t h e Polygastria, n o t o n l y i n t h e i r m i n o r n u m b e r a n d more de

finite s t r u c t u r e as bags, b u t b y each p e r f o r m i n g a d i s t i n c t p a r t i n 

t h e process o f d iges t i on , a n d c o m b i n i n g w i t h t h e rest , i n m u t u a l 

1 This idea will be found more fully exemplified in my work, ' Principes d'Osteolo-
gie Comparee/ 8vo. (Paris) 1855, p. 366, et sej. 
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subserviency, t o the comple t ion o f the most p e r f e c t ac t o f t h a t 

f u n c t i o n , the convers ion, n a m e l y , o f grass i n t o flesh. 

T h u s , i n t r a c i n g t h r o u g h the an ima l series th i s course o f par t s 

and organs, we pass f r o m the m a n y and the l i k e t o t h e f e w a n d 

t h e diverse. 

A 4 h o m o l o g u e ' is a p a r t or o rgan i n one o rgan i sm so answer

i n g to t ha t i n another as t o r equ i r e the same name. 

P r i o r t o 1843 the t e r m h a d been i n use, b u t v a g u e l y or 

w r o n g l y . 1 ' A n a l o g u e ' and ' a n a l o g y ' were more c o m m o n l y 

c u r r e n t i n ana tomica l w o r k s to s i g n i f y w h a t is n o w d e f i n i t e l y 

mean t b y e homology . ' B u t f a n a l o g y ' s t r i c t l y s igni f ies t h e 

resemblance o f t w o th ings i n t h e i r r e l a t i o n t o a t h i r d ; i t i m 

plies a likeness o f ra t ios . A n ' a n a l o g u e ' is a p a r t or o r g a n i n 

one an ima l w h i c h has the same f u n c t i o n as a p a r t or o r g a n i n 

another an imal . A * h o m o l o g u e ' is the same p a r t or o r g a n i n 

d i f f e r e n t animals under every v a r i e t y o f f o r m and f u n c t i o n . 

I n the Draco volans ( V o l . I . fig. 163) the f o r e - l i m b s are 

' homologous ' w i t h the wings o f the b i r d ( V o l . I I . fig. 1 ) ; t h e 

parachute is e ana logous ' to t hem. 

Re la t ions o f h o m o l o g y are o f three k i n d s ; t h e first is t h a t 

above def ined . W h e n the ; basi lar process o f the o c c i p i t a l bone ' 

i n M a n is shown to answer to the d i s t i n c t bone ca l led c basioc-

c i p i t a l ' i n the fish, the special homology o f t h a t a n t h r o p o t o m i c a l 

process is d e t e r m i n e d ; as such homologies are m u l t i p l i e d , t h e 

evidence grows t ha t m a n and fish are cons t ruc t ed o n a c o m m o n 

type . 

A w i d e r r e l a t ion o f h o m o l o g y is t h a t i n w h i c h a p a r t o r series 

o f parts stands to such general t y p e . W h e n the ' bas i lar process 

o f the occ ip i ta l b o n e ' is de te rmined to be the ' c e n t r u m ' o f the 

last c ran ia l ve r tebra , i t s general homology is enuncia ted . 

T h e archetype ske le ton represents the idea o f a series o f 

essentially s imi lar segments succeeding each o the r i n t h e axis 

' 'Les organes des sens sont homologues, comme s'exprimerait la philosophie 
allemande; c'est-a-dire, qu'ils sont analogues dans leur mode de developpement.'— 
Geoffroy St. Hilaire, Annates des Sciences Nat., torn. xii . 1825, p. 341. 
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o f t h e b o d y ; such segments b e i n g composed o f par t s s imi la r i n 

n u m b e r a n d a r rangement . A c c o r d i n g l y , a g i v e n p a r t or appen

dage i n one segment is repea ted i n another , j u s t as one bone is 

r ep resen ted i n t h e skeletons o f d i f f e r e n t V e r t e b r a t e s ; and th i s 

r ep re sen t a t i ve r e l a t i o n i n t h e segments o f the same skele ton is 

' s e r i a l h o m o l o g y . ' A s , howeve r , t h e par ts can be namesakes 

o n l y i n a gene ra l sense, as e cen t rums , ' c r ibs , ' & c , and since t h e y 

m u s t be d i s t i ngu i shed b y special names accord ing to t h e i r special 

m o d i f i c a t i o n s , as (basioccipital,' e mand ib l e , ' ' c o r a c o i d , ' 4 humerus , ' 

& c , I have ca l led such s e r i a l l y r e l a t ed or repeated par ts e homo-

types . ' T h e bas iocc ip i t a l is t h e h o m o t y p e o f the basisphenoid, 

a n d t h e h u m e r u s is t h e h o m o t y p e o f t h e f e m u r : w h e n the bas i 

o c c i p i t a l is s h o w n to repeat i n i t s (vertebra' t h e e lement w h i c h 

t h e e o d o n t o i d process ' represents i n the succeeding ve r t eb ra , or 

t h e bas isphenoid i n the p r e c e d i n g one, i t s ' ser ia l h o m o l o g y ' is 

i n d i c a t e d . 

T h e e x t e n t t o w h i c h ser ia l homologies can be de te rmined 

shows t h e degree i n w h i c h vege ta t ive r e p e t i t i o n p reva i l s i n the 

o rgan i s a t i on o f an a n i m a l . 

T h e s t u d y o f homologies is c o m p a r a t i v e l y r e c e n t ; m u c h o f th i s 

field o f research remains f o r f u t u r e c u l t i v a t o r s , especial ly i n 

r e g a r d t o t h e m u s c u l a r a n d ne rvous systems. 

W h e n engaged i n t h e e t h i r d w a y ' o f a n a t o m y , and i n m a k i n g 

k n o w n t h e r e su l t s o f s u c h l a b o u r as app l i ed to t h e ske le ton , 1 I 

f o u n d a g r e a t i m p e d i m e n t i n the w a n t o f names o f bones. F o r 

these, w h e n first s t ud i ed , h a d been m o s t l y descr ibed u n d e r phrases 

sugges ted b y f o r m s , p r o p o r t i o n s , or l ikeness t o some f a m i l i a r 

o b j e c t , w h i c h t h e y present i n t h e h u m a n b o d y . A r e f o r m o f th i s 

n o m e n c l a t u r e was an essential first s tep, a n d i t is g r a d u a l l y 

m a k i n g i t s w a y aga ins t t h e usua l i m p e d i m e n t s . 

T h e best w o r k m a n uses t h e best tools . T e r m s are t h e tools o f 

t h e t e a c h e r ; a n d o n l y a n i n f e r i o r h a n d persists i n t o i l i n g w i t h a 

c l u m s y i n s t r u m e n t w h e n a be t t e r one l ies w i t h i n his reach. B u t 
4 h e has been used t o t h e o ther . ' N o d o u b t ; a n d some e x t r a 

1 On the Archetype and Homologies of the Vertebrate Skeleton, 8vo. 1848; and 
On the Nature of Limbs, 8vo. 1849. 
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prac t ice is necessary to acqu i re the k n a c k o f a p p l y i n g t h e n e w 

t o o l . B u t i n this acqu i s i t ion a smal l cap i t a l o f t r o u b l e w i l l have 

been inves ted w i t h a sure r e t u r n o f l a rge p r o f i t s . A s ingle sub

s tant ive t e r m is a be t te r i n s t r u m e n t o f t h o u g h t t h a n a paraphrase . 1 

B u t 1he subs t i t u t i on o f such t e rms f o r de f in i t i ons is s t i l l m o r e 

advantageous w h e n t h e y are susceptible o f b e c o m i n g adjec t ives b y 

in f l ec t i on . T h u s the t e r m ' n o t o c h o r d ' f o r ' chorda d o r s a l i s ' or 

' dorsal c h o r d ' enables one to predica te o f species or g r o u p s o f 

ver tebrates as b e i n g ' n o t o c h o r d a l ; ' t h a t s ingle ep i the t i m p l y i n g 

t h a t the embryona l b o d y i n ques t ion i s , i n t h e m , pers is tent . A 

l i k e advantage cleaves t o ' m y e l o n ' f o r e chorda s p i n a l i s ' o r 

' sp inal c h o r d ; ' the Phys io log i s t , e.g., can t h e n speak o f ' m y e l o n a l 

func t ions , ' and the Pa tho log i s t o f ' m y e l o n a l ' disease, w i t h t h e cer

t a i n t y o f be ing unders tood to s i g n i f y proper t ies and af fec t ions o f 

the ' s p i n a l c h o r d ; ' no t , as i n ' s p i n a l disease,' t h a t o f i t s case, or 
c sp ina l c o l u m n . ' I n r e g a r d t o the p a r t so ca l led a n d i t s c o n 

s t i t uen t ' vertebra?,' t h e i r modi f ica t ions are so m a n y , so charac

te r i s t i c , so i m p o r t a n t , especial ly i n the app l i ca t ion o f A n a t o m y t o 

Palaeontology, t h a t I was ea r ly compel led i n the l a t t e r k i n d o f 

l abour to subs t i tu te s ingle p l iab le t e rms f o r the phrases ' t r a n s 

verse process,' ' o b l i q u e ' or ' a r t i c u l a r process, ' ' b o d y o f t h e 

ve r t eb ra , ' ' v e r t e b r a l l amina , ' ' v e r t e b r a l r i b , ' ' s t e rna l r i b , ' & c , 

b y w h i c h the parts o f the ' v e r t e b r a ' were t h e n designated. 

B u t the single names o f parts and const i tuents o f t h e ske le ta l 

segment ca l led ' osteocomma ' or ' v e r t e b r a ' have n o t m e r e l y t h e 

advantage above i l l u s t r a t e d , as where t h e ad j ec t ive ' neu rapo-

p h y s i a l ' can be app l i ed to a ' r i d g e , ' n o t c h , o r ' f o r a m e n , ' i n t h e 

v e r t e b r a l l a m i n a ( n e u r a p o p h y s i s ) ; t h e .ve r t eb ra l t e r m i n o l o g y i n 

use i n the present W o r k indicates a p r o f o u n d t r u t h w h i c h is 

h i d d e n b y the language o f a n t h r o p o t o m y . T h e t e r m s ' p l e u r -

apophysis ' and ' haemapophysis ' i m p l y par t s o f the s egmen t c o r r e -

1 ' Superoccipital,' e.g., for • pars occipitalis stricte sic dicta partis occipitalis ossis 
spheno-occipitalis' of the eminent anthropotomist SOEMMERING. (See TABLE OF 
SYNONYMS, & C , appended to Vol. I I . ) Similarly, in the present Work, I use the word 
' Vertebrate' as a substantive. We do not speak of a ' Confederate' animal, and the 
added word is as unnecessary in regard to the ' Vertebrate ' one. 
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l a t i v e i n independency o f deve lopment and e lementa l grade w i t h 

the ' neurapophys is , '—a f a c t o f h i g h genera l i sa t ion no t o n l y 

i g n o r e d b u t i m p l i e d l y con t r ad i c t ed b y the r e c k o n i n g o f the 

' v e r t e b r a l r i b ' and the ' s t e rna l r i b / or ' r i b - c a r t i l a g e , ' as bones 

d i s t i n c t f r o m , a n d countab le w i t h , t h a t w h i c h the an th ropo tomis t 

e q u a l l y holds to be a s ingle bone under the name ' ver tebra . ' 

F u r t h e r m o r e , as each d i s t i n c t l y recognisable p a r t or t h i n g m u s t 

have i t s v e r b a l s i gn , f o r the purposes o f i n t e l l i g i b l e p red ica t ion o f 

i t s n a t u r e a n d qua l i t i e s , the course o f k n o w l e d g e o f the ve r t eb r a l 

c o l u m n w o u l d have enforced the o r i g i n a t i o n o f such signs i r r e 

spect ive o f t h e abs t rac t need o f i m p r o v i n g the m e n t a l tools o f 

ana tomy. 

W h e n i t came to be discovered t h a t ' t h e t ransverse process 

o f a c e r v i c a l v e r t e b r a ' was o ther , a n d more t h a n , as w e l l as 

f o r m a l l y d i f f e r e n t f r o m , the ' t ransverse process o f a dorsal ve r 

t e b r a , ' a n d t h a t th i s process was a d i f f e r e n t t h i n g f r o m the 

' t ransverse process ' o f a ' l u m b a r ' or ' s a c r a l ' v e r t e b r a , t he r e 

sul ts o f such analysis necessitated the c rea t ion o f a correspondent 

n o m e n c l a t u r e . 

' T ransve r se processes,' as such, are, as J O H A N N E S M U L L E E . 

first p o i n t e d o u t , o f t w o k i n d s ; t h e y are, i n r e l a t i on t o h o r i 

z o n t a l l y disposed ver tebra tes , ' u p p e r ' a n d ' l o w e r ' — i n o u r no 

m e n c l a t u r e , ' d iapophyses ' a n d ' parapophyses. ' B o t h k i n d s exis t 

i n t h e ' t ransverse processes ' o f the neck f r o m the crocodi le 

u p w a r d s ; a n d t h e seeming u n i t y o f the o u t s t a n d i n g p a r t i n 

b i rds a n d m a m m a l s is caused b y the so lde r ing the re to o f a t h i r d 

e l emen t — t h e ' c e r v i c a l r i b ' o f t h e he rpe to tomis t , t he ' s t y l o i d 

process ' o f the o r n i t h o t o m i s t . 1 

R e f e r r i n g t o the ' I n t r o d u c t o r y C h a p t e r ' o f the ' A r c h e t y p e 

o f t h e V e r t e b r a t e S k e l e t o n , ' 2 f o r f u r t h e r i l l u s t r a t i o n s o f the 

advan tage o f s ingle w e l l - d e f i n e d t e rms , I w i l l here o n l y show 

h o w such advan tage m a y be a f fec ted b y reason o f an unse t t l ed 

d e f i n i t i o n . 

T h e a n a t o m i c a l t e r m ' o r g a n ' has diverse s ign i f ica t ions . T h e 

1 Macartney* Art. ' Bird*,' R es' Cyclopaedia. 1 Op. cit. 
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c h i e f cons t i tuen t idea is ' w o r k f o r a special end : ' t h u s , t h e h e a r t 

is the ' o r g a n ' o f c i r c u l a t i o n ; the l u n g s , t h e ' o r g a n ' o f r e sp i ra 

t i o n ; the l i v e r , the ' o r g a n ' o f b i l i f i c a t i o n , & c . B u t also, i n c i p i e n t 

stages i n the deve lopment or f o r m a t i o n o f par t s are ca l led t h e 

' o r g a n s ' o f s u c h ; e.g., t he pe r ios t eum is t h e ' o r g a n o f bone , ' 

the p u l p is the ' den t ine o r g a n ; ' o the r par ts o f the g r o w i n g 

complex t o o t h are the ' enamel o rgan , ' ' cement o r g a n , ' & c . T h e 

parts i n w h i c h independent cells, w i t h special power s , o r i g i n a t e , 

are also ca l led the ' o r g a n s ' o f s u c h ; as, e.g., t h e o v a r y is t h e 

' o rgan o f o v u l a t i o n ; ' t he testis the ' o rgan o f s emina t ion . ' I t 

is obvious , however , t h a t the p a r t w h i c h the more o r less con

densed ce l lu l a r basis, or ' s t roma, ' o f the o v a r y or the testis m a y 

t ake i n the p roduc t ion o f the germ-cel ls or sperm-cells a n d sperma

tozoa is v e r y d i f f e r e n t f r o m t h a t w h i c h t h e hea r t p e r f o r m s i n t h e 

m o t i o n o f the b lood , or the l ungs i n the m u t a t i o n o f t h e a i r 

insp i red . 

Zoolog ica l ana tomy is n o w an indispensable i n s t r u m e n t t o t h e 

classifier, i f no t t o the de te rminer , o f the species o f animals . T h e 

anatomist p r o p e r l y so cal led , b u t c o m m o n l y q u a l i f i e d as t h e 

' c o m p a r a t i v e ' one, makes k n o w n the resul ts a n d appl ica t ions o f 

his comparisons o f s t ruc tu re i n zoologica l as w e l l as h o m o l o g i -

cal or ana tomica l w o r k s . T h e ' R e g n e A n i m a l ' and the ' L e c o n s 

d ' A n a t o m i e C o m p a r e e ' o f C U V I E R e x e m p l i f y these d i f f e r e n t a p p l i 

cations and ways o f exposi t ion o f his science. 

A s a zoologist or classifier, t he anatomis t avai ls h i m s e l f o f t h e 

de f in i t e mod i f i ca t i on and f u l l deve lopment o f a p a r t or o r g a n , i n 

d i c a t i n g , and p r e d i c a t i n g o f such condi t ions b y special t e r m s , 

f o r the r e q u i r e d characters. T h e f f i n , ' the ' hoof , ' t he ' paw, ' t h e 

' f oo t , ' the ' hand, ' are to h i m so m a n y k inds o f l i m b s , t h e presence 

or absence o f w h i c h serve to d i f f e ren t i a t e his g r o u p s ; a n t h r o p o -

tomica l terms o f parts o f the b r a in r each ing t h e i r f u l l a n d cha

rac ter i s t ic development i n M a m m a l s or i n M a n , e.o-., ' f o r n i x ' 

< corpus c a l l o s u m , ' ' h ippocampus m i n o r , ' ' pos te r ior c e r e b r a l l o b e ' 

& c , serve and are used, abso lu te ly , f o r the same e n d ; so l i k e w i s e 
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w i t h r e g a r d t o special f o r m s a n d propor t ions o f t ee th ind ica ted b y 

t h e t e r m s ' canine , ' ' carnassial , ' ' t u s k , ' & c . 

T h e absolute w a y i n w h i c h the t h ings or characters so desig

n a t e d are a f f i r m e d or denied i n zoological def in i t ions is essential t o 
t h e i r purpose . 

A m o n g s t the characters b y w h i c h C U V I E R d i f f e r en t i a t ed the 

h o o f e d quadrupeds w h i c h he had restored f r o m the i r f r a g 

m e n t a r y foss i l remains i n t h e bu i ld ing - s tone o f Pa r i s , the most 

i m p o r t a n t i n his e s t ima t ion was c t h e presence o f canines ' i n 

one (Palaotheriuni), t h e i r absence i n the o ther (Anoplotherium).1 

Never the less , H o m o l o g i c a l A n a t o m y easily indicates i n the series 

o f n i n e t e e t h i n the e morceau de c o n v i c t i o n , ' 2 on w h i c h the 

charac ter was f o u n d e d , the t ee th answerable to those w h i c h , 

because t h e i r p o i n t e d c rowns p r o j e c t e d b e y o n d t h e i r ne ighbours 

i n the Palaeothere, were cal led and character ised as ' canines. ' 

N o w here was a t e m p t a t i o n to an aspi rant t o sc ient i f ic n o t o r i e t y 

* t o m e e t ' t he g r ea t ana tomis t 6 b y a flat c o n t r a d i c t i o n , ' and 

' a f f i r m t h a t t h e A n o p l o t h e r i u m possessed canine t ee th . ' I a l lude 

t o such abuse because, o f l a te , a p rac t ice has been creeping 

i n , t o the o p p r o b r i u m o f some o f ou r E n g l i s h zootomists, o f repre 

s e n t i n g a zoo log ica l d e f i n i t i o n o f a p a r t w h i c h an anatomist m a y 

have g i v e n i n a c lass i f ica tory w o r k , as the exponent o f his homo-

l o g i c a l k n o w l e d g e and descr ipt ions o f such p a r t i n i t s var ious 

m o d i f i c a t i o n s a n d grades o f deve lopment . 

C U V I E R , i n his characters o f the order Bimana, a f f i rms t h a t 

M a n is t h e o n l y a n i m a l possessing * hands ' and c f e e t : ' — 

' L ' h o m m e est l e seul a n i m a l v r a i m e n t bimane et bijpe.de?3 T h e 

Quadrumana are d i s t i ngu i shed as h a v i n g ' hands ' ins tead o f ' fee t , ' 

a £ h a n d ' b e i n g d e f i n e d as h a v i n g the t h u m b opposable—' le pouce 

l i b r e et opposable a u x autres do ig t s , q u i sont longs et flexibles.'4 

T h e a i m o f the a u t h o r i n the zoologica l w o r k above c i t ed was 

t o i m p a r t obv ious a n d easi ly apprehended d i f f e r e n t i a l characters 

1 ' Le plus important fut eelui qui m'apprit que cette espece n'a point de dents 
canines.'—Recherches sur les Ossemens Fossiles, 4to. 1822, torn. i i i . p. 14. 

2 Ibid. 3 R^gne Animal, torn. i . p. 70. 1829. 4 Ibid. p. 85. 
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o f the o rgan w h i c h observat ion h a d s h o w n to def ine the g roups . 

T h e na tu ra l i s t , thus enabled to place his sub jec t i n i t s p rope r 

class or order, is n o t concerned, as such, i n k n o w i n g the h o m o -

log ica l or t ranscendenta l re la t ions o f the p a r t or charac ter w h i c h 

has a f forded h i m the means o f e f f ec t i ng w h a t he w i s h e d t o do. 

L I N N A E U S , t o w h o m m a i n l y is due the d i sce rnment o f the p o w e r 

f u l i n s t r u m e n t o f w e l l - d e f i n e d te rms i n a c q u i r i n g a sys temat ic 

Science o f N a t u r e , and to w h o m we owe our best k n o w l e d g e o f 

i t s use, so named the g u i d i n g par ts o f p lan ts a n d an imals , . fo r such 

a r b i t r a r y or special app l i ca t ion , i n b o t a n y and zoology : t o th i s 

end he d i f ferent ia tes the c b rac t , ' t he e spath , ' t he e sepal, ' t h e 

* peta l , ' f r o m the c leaf , ' as t h ings d i s t inc t . 

W h a t w o u l d be t h o u g h t o f the bo tan ica l c r i t i c w h o , q u o t i n g the 

d e f i n i t i o n o f the f lowers o f Cyperaceous p lan t s , as cons i s t ing , f o r 

example , o f ' g lumes, 1 shou ld meet the s ta tement b y a f f i r m i n g t h a t 

they were ' n o t h i n g b u t l i t t l e bracts , ' and w h o , t h e n , w i t h a show 

o f p ro founde r research, should proceed to e x p o u n d the ' b r a c t ' as 

b e i n g the first step b y w h i c h the common l e a f is changed i n t o a 

floral o rgan ? T h e answer is obvious. B u t w h a t n e x t m i g h t be 

said, i f i t were p o i n t e d o u t t h a t the ob jec tor had ob t a ined t h i s 

v e r y no t i on f r o m the * Prolepsis P l a n t a r u m , ' or o ther h o m o l o g i c a l 

w r i t i n g s o f the au thor c r i t i c i sed , where such ph i losoph ica l con 

siderations, f o r e i g n to the c lass i f icatory w o r k , were the p rope r a i m 

and objec t ? So, w i t h r ega rd to the zoological de f in i t i ons a n d 

characters o f C U V I E R . Those w h i c h I have c i t ed are open to t h e 

opposite averment t h a t , e T h e " h i n d hands " o f the Q u a d r u m a n a 

are n o t h i n g b u t " f e e t ; " ' and the con t rad ic to r m i g h t t h e n proceed 

to demonstrate , w i t h m u c h show o f o r i g i n a l research, the h o m o l o g y 

o f the ' astragalus, ' ' ca lcaneum, ' ' cuboides, ' ' c u n e i f o r m bones, ' 

& c , i n order to establish his d iscovery t h a t a h a n d and f o o t are 
a l l one. 

I t is t r u e t h a t i f the homolog ica l descript ions i n the < L e c o n s 

d ' A n a t o m i e C o m p a r e e ' had been quo ted , as w e l l as the zoo log ica l 

def in i t ions i n the < Regne A n i m a l , ' t he i m m o r t a l a u t h o r o f t h e 

l a t t e r w o r k w o u l d be shown to have had p rev ious possession o f 

the pre tended discovery. M o r e o v e r , i n the e C i n q u i e m e L e c o n , 
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A r t i c l e s V I I . - I X . " D e s os d u p i e d / " 1 t he f r a m e o f the h i n d 

f e e t o f M a n , A p e , L i o n , Seal, E l e p h a n t , & c , is shown to consist 

o f homologous bones. Never the less the g rea t zootomist , i n h is 

l a b o u r and character as zoologis t , does n o t hesi tate to def ine a n d 

d i f f e r e n t i a t e the c f o o t , ' the ' hand , ' the e paw, ' t he « f i n , ' and the 

' hoof , ' r e spec t ive ly : n o r does he deem the demons t ra t ion o f the 

u n i t y u n d e r l y i n g the d i v e r s i t y t o m a k e the e m a n ' an ' e l ephan t ' 

o r a 1 seal, ' any more t h a n i t makes h i m a 1 d o g ' or an c a p e ' ! 

T h e ' corpus c a l l o s u m ' is de f ined as e a ho r i zon ta l mass o f t r ans 

verse fibres c o v e r i n g the l a t e ra l ven t r i c les , and exposed b y d i v a r i 

c a t i n g the ce reb ra l hemispheres. ' I f a g r o u p o f mammals w a n t 

such commissura l fibres, and another g r o u p possess t h e m , the 

classif ier w i l l a v a i l h i m s e l f o f a w e l l - d e f i n e d t e r m expressing such 

d i f f e rence , w i t h o u t p re jud ice to his recept ion o f any homolog ica l 

d e t e r m i n a t i o n o f t h e par t s , or t h e i r r u d i m e n t s , 2 i n ana tomica l 

w o r k s o f the app l i e r o f the t e r m . 

O n l y b y i g n o r i n g such i n d i c a t i o n o f the ' r u d i m e n t a l com

mencemen t o f t h e corpus ca l losum, ' m a y a semblance o f super ior 

k n o w l e d g e be assumed b y h i m w h o asserts, as an antagonis t ic 

p r o p o s i t i o n t o a n a f f i r m a t i o n o f i t s absence as a zoological cha

rac t e r , t h a t the M a r s u p i a l i a , e.g., do possess the ' g r e a t com

missure , ' or ' corpus c a l l o s u m . ' 3 

So l i k e w i s e w i t h o ther w e l l - d e f i n e d par t s o f the h u m a n b r a i n , 

t h e homologues o f w h i c h m a y n o t be t raceable to the same e x t e n t 

d o w n t h e m a m m a l i a n series. K U H L , e.g., i n Ateles Belzebuth,4 

T I E D E M A N N i n the M a c a q u e 5 a n d O r a n g , 6 V A N D E R K O L K and 

V R O L I K i n t h e C h i m p a n z e e , 7 and m y s e l f i n the G o r i l l a , 8 h a d 

1 Lecons d'Anat. Compared, vol. i . 1799. 
2 As given in the 'Philosophical Transactions' for 1837, p. 41. 
3 Proceedings of the Royal Society, No. 72, and March 23, 1865. 
4 Beitrage zur Zoologie und vergleichenden Anatomie, 4to. 1820, zweite Abtheilung, 

p. 70, Taf. vii. 
« Icones cerebri Simiarum, fol. 1821, p. 14, fig. i i i . 2. 
6 Treviranus, Zeitschrift fur Physiologie, Bd. i i . S. 25, Taf. iv. 
7 Nieuwe Verhandlingen der erste Klasse van het Koningl. Nederlandsche Instituut. 

Amsterdam, 1849. 
8 Fullerian Lectures on Physiology, Royal Institution (March 18, 1861); reported, 

with copies of diagrams, in Athenaeum,' March 23rd, 1861, p. 395. 
a 2 
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severally shown all the homologous parts of the human cerebral 

o rgan to exis t , under m o d i f i e d f o r m s a n d grades o f d e v e l o p m e n t , 

i n Quadrumana . B u t because the presence or absence o f the 

' ergot , ' or £ pes h ippocampi m i n o r , ' as de f ined b y T I E D E M A N N 

(see V o l . I I . p . 273 o f the present W o r k ) , had been used as a 

zoological character , the anatomical w o r l d has been de luged , since 

the date o f the last under -c i t ed w o r k , w i t h descr ipt ions and figures 

o f the homologous p a r t i n the O r a n g and other Q u a d r u m a n a , as a 

new discovery m a i n l y serviceable as a b a t t e r y o f c o n t r a d i c t o r y 

a f f i rmat ions . 

Nevertheless the d i s t inc t ive characters o f the h u m a n b r a i n , f u c h 

as the m a n i f o l d and complex convolu t ions o f the ce reb ra l h e m i 

spheres, t he i r extension i n advance o f the o l f a c t o r y lobes a n d 

f a r t h e r back t han the ce rebe l lum, t he reby d e f i n i n g a pos ter ior 

lobe, w i t h the corresponding e h o r n o f the l a t e r a l v e n t r i c l e ' a n d 
(hippocampus mino r , ' are as avai lable to the zoologis t i n c lass i f i 

ca t ion as are the equa l ly pecul ia r a n d d i s t i nc t i ve characters o f 

the calcaneum, h a l l u x , and other s t ruc tures o f the f o o t . 

So m u c h , i n connect ion w i t h the ' fifth w a y ' a n d app l i ca t i on o f 

ana tomy, I r eg re t to find m y s e l f compel led to state, i n o rder t o 

expose and st igmatise procedures w h i c h consist i n r ep resen t ing 

the homologica l knowledge and opinions o f an au tho r b y his de

finitions i n a p u r e l y zoological w o r k , and i n suppressing a l l r e 

ference to the descr ipt ions and statements i n the ana tomica l 

w r i t i n g s o f the same au thor , whe re his ac tua l k n o w l e d g e a n d 

opinions on the na tu re and h o m o l o g y o f par ts are g i v e n , a n d 

where alone t h e y can be expected to be f o u n d . 

Somewhat analogous to the course o f obse rva t ion p u r s u e d 

t h r o u g h the an ima l k i n g d o m , f r o m the lowes t t o the h i g h e s t 

species, is t ha t w h i c h traces each o rgan t h r o u g h the severa l 

phases o f i ts development i n the same species. 

T h e r i g h t use o f sense, i n b o t h ways , stores the u n d e r s t a n d i n g , 

emp i r i ca l l y , w i t h a series o f fac ts , as the r a w m a t e r i a l f o r reason ing 

u p to the i r pr inc ip les . B u t E m b r y o l o g y has th i s i n f e r i o r i t y , t h a t 
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eve ry species is such ab initio, and takes i t s o w n course to the f u l l 

m a n i f e s t a t i o n o f i t s specif ic characters , agreeably w i t h the na tu re 

o r i g i n a l l y impressed u p o n the g e r m . 

A p e r c h , a n e w t , a dog , a m a n , does n o t beg in to be such o n l y 

w h e n the e m b r y o l o g i s t m a y d iscern the dawnings o f t h e i r respect

i v e specific characters . T h e e m b r y o de r ived i t s na tu re , and the 

p o t e n c y o f se l f -development accord ing to the specific pa t t e rn , f r o m 

t h e m o m e n t o f t h e i m p r e g n a t i o n ; and each step o f deve lopment 

moves to t h a t consummat ion as i t s end a n d a im. 

T h i s t r u t h has been masked to some apprehensions b y the 

course o f the deve lopmen ta l steps f r o m the genera l to the par

t i c u l a r ; the i n i t i a l ones, more especial ly , o f f e r i n g likenesses or 

analogies t o finished l o w e r species e x e m p l i f y i n g degrees o f o r g a n i 

sa t ion i n t h e an ima l k i n g d o m . E a c h step d i f fers i n degree o f 

d i f f e rence f r o m the analogous grade at w h i c h a l ower species rests, 

a n d i n v e r s e l y as the advance o f such species. A c c o r d i n g l y , the 

less t h e degree o f d i f fe rence , and the w i d e r the resemblance or 

ana logy spreads b e t w e e n the e m b r y o n a l phase and the p a r a l l e l 

g rade i n the series o f species. 

T h e f o r m a t i o n o f the germ-mass ( V o l . I . figs. 1-4, 4 2 2 , 4 5 2 ) — 

t h e first step a f t e r i m p r e g n a t i o n — i s a genera l phenomenon i n 

a n i m a l i t y ( V o l . ' O n I n v e r t e b r a t e s , ' figs. 4 8 - 5 6 , 73 , 74 , 8 0 - 8 4 , 

1 8 1 , 2 0 9 - 2 1 2 , 2 3 2 ) ; the rea t and t h e r e b y the m a n resembles and 

behaves l i k e t h e m o n a d . 1 B u t , the germ-mass comple ted , the 

v e r t e b r a t e a t once c i rcumscr ibes i t s e l f or w i t h d r a w s i n t o i t s 

v e r t e b r a l i t y . T h e p ro te ine substance is the seat o f a chemical 

d i f f e r e n c i n g , l e a d i n g t o excess o f a l b u m e n a l o n g one t r a c t , 

ba lanced b y excess o f ge la t ine a long a pa ra l l e l t r ac t . T h u s are 

l a i d d o w n t h e bases o f the mye lencepha lon and v e r t e b r a l axis . 

T h e ' n o t o c h o r d ' is soon f o l l o w e d b y the p r o t o v e r t e b r a l specks 

i n doub le p a r a l l e l series ( V o l . I . fig. 5 ; V o l . I I . fig. 1 3 3 ) : t he 

e m b r y o n a l t race is es tabl ished, a n d i t is one o f a ve r t eb ra te . 

T h e f o r m a t i o n o f n e u r a l a n d hoemal arches n e x t f o l l o w s ; and 

1 Compare the above-cited figures with fig. 17, 'Lectures on Invertebrates,' 2nd 
ed. p. 29. 
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the phenomenon o f the appearance o f the l a t t e r , i n w h i c h t h e 

blastemal is accompanied b y a vascular a rch , w i t h c l e f t s i n t e r 

v e n i n g between cont iguous arches, especial ly at t he f o r e p a r t o f 

the embryo , has l e d to the idea t h a t a r e p t i l e , b i r d , or m a m m a l , 

is a fish before i t becomes w h a t i t is t e n d i n g to . T r u e i t i s , t h a t 

the embryos o f these a i r -breathers float i n fluid, a n d no t a n y o f 

t h e m breathe the air u n t i l b i r t h or exc lus ion , or near to e x c l u s i o n ; 

b u t t hey do no t breathe w a t e r : t he oviparous a i r -b rea the r has one 

k i n d o f t e m p o r a r y l u n g , the m a m m i f e r o u s e m b r y o another k i n d , 

each a l ike special to the class. F r o m the vascular loops accom

p a n y i n g the haemal arteries branchiae are n o t d e v e l o p e d ; one o n l y 

o f the interhaemal fissures is deepened on each side, b r o u g h t i n t o 

communica t ion w i t h the p h a r y n x , and s t r a i g h t w a y c o n v e r t e d i n t o 

the c eustachian tube , ' accord ing to the precocious ra te o f g r o w t h 

and development characterist ic o f the special organs o f sense 

and t he i r appendages. N o t r u e branchia l or piscine b r e a t h i n g 

apparatus is at any t i m e , or i n any degree, man i fes t ed i n t h e 

embryo o f an a i r -b rea th ing ver tebra te . T h e deepening and open

i n g o f several interhaemal fissures i n the e m b r y o o f a p e r c h , a n d 

the subsequent course o f deve lopment t h e r e w i t h o f g i l l -a rches a n d 

g i l l s , w i t h t he i r subservient mechanism o f branchios tega l r a y s a n d 

the opercular l i d or door, are as d i s t i n c t i v e mani fes ta t ions o f t h e 

o r ig ina l na tu re o f the fish, as is the vascular l i n i n g o f the egg t h a t 

o f the b i r d , or the vascular a r rangement f o r b o r r o w i n g b r e a t h 

f r o m the mothe r t h a t o f the foetal m a m m a l . 

A t the i nc ip i en t stages o f these p rov i s iona l a n d dec iduous 

respiratory condit ions the c i r c u l a t i o n i n t h e e m b r y o l i z a r d , f o w l , 

beast, is l i k e tha t o f a fish i n i t s s i m p l i c i t y ; b u t , as T R E V I R A N U S 1 

r i g h t l y r e m a r k e d , i t is f a r f r o m b e i n g i d e n t i c a l ; the re are, i ndeed , 

iharacters o f the c i r c u l a t i n g organs at th is grade o f s i m p l i c i t y , 

v h i c h no t o n l y d i s t i ngu i sh the e m b r y o o f the a i r -b rea the r f r o m 

h a t o f the wate r -b rea ther , b u t also the e m b r y o o f the m a m m a l 

rom t h a t o f the b i r d or r e p t i l e ; so soon is t h e course o f deve-

opment af fected b y the specific t a i n t ! 

1 G. R. in 'Zeitschrift fur Physiologie,' vol. iv. ; and 'Edinburgh New Philosophical 
ournaV 1832, vol. xi i i . p. 75-86. 
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M a r k e d devia t ions f r o m the a rche type charac ter i s ing ex i s t i ng 

species are d i r e c t l y approached i n the progress o f development . 

I f , 
as, e.g., i n a thorac ic or j u g u l a r fish, the pos i t ion o f the 

pe lv i c l i m b s departs f r o m the t y p i c a l one, these l i m b s b u d ou t i n 
the e m b r y o i n t h a t special a n d anomalous place. W h e n a h ighe r 

species depar ts f r o m t y p e b y a thorac ic pos i t ion o f the scapular or 

o c c i p i t a l l i m b s , t h e y l i kewi se b u d ou t i n such special pos i t ion . I n 

b o t h cases t h e haemal a rch , sus t a in ing such appendages, is l i b e 

r a t e d f r o m the rest o f i t s segment f o r the special needs o f the 

species, a n d the e m b r y o o f such never shows i t fixed. A t most , 

perhaps , the gene ra l charac ter and t y p i c a l connections m a y be 

i n d i c a t e d b y the closer c o n t i g u i t y o f the detached scapular a rch to 

the rest o f i t s p rope r occ ip i t a l s egment ; as, e.g., i n the e m b r y o of 

b i rds a n d l ong -necked r u m i n a n t s , t o be removed to a distance 

d e t e r m i n e d b y t h e l a te r g r o w t h o f the series o f vertebra? i n t e r 

v e n i n g be tween head a n d chest. 

T o i n f e r f r o m such deve lopmenta l phenomena t h a t the t h r o a t -

fins o f t he cod are n o t the displaced homologues o f the h i n d legs 

o r p e l v i c l i m b s o f a i r -breathers , a n d t h a t the fore- legs o f such are 

n o t t h e homologues o f the t y p i c a l l y s i tua ted and connected scapu

l a r l i m b s o f fishes, is an abuse or misuse o f the e m p i r i c a l facts 

ascer ta ined b y obse rva t ion o f e m b r y o n a l phenomena. 

I n l i k e m a n n e r the deve lopmen ta l phenomena o f the s k u l l of 

an a v i a n a n d m a m m a l i a n species, succeeding those t h a t b r o a d l y 

a n d i n t e l l i g i b l y m a r k o u t the f o u r pa i rs o f neurapophyses a n d 

co r r e spond ing haemal arches, p l a i n l y i n d i c a t i n g the segmental or 

v e r t e b r a l t y p e o f t h e s k u l l , depar t t h e r e f r o m to a t t a i n the par

t i c u l a r cha rac t e r o f the face a n d m o u t h o f the species. A f t e r 

t h e first b u d d i n g ind ica t ions o f the halves o f the m a x i l l a r y ( f o r e 

mos t c r a n i a l haemal) a r ch , the deve lopment o f i t , as uppe r j a w , 

w i t h t h a t o f t h e pa la te , p t e r y g o i d , a n d z y g o m a t i c appendages, 

obeys t h e impress o f i m p r e g n a t i o n , a n d proceeds d i r e c t l y t o es

t a b l i s h t h e specif ic charac ters o f such j a w i n the p a r t i c u l a r b i r d 

or beas t ; t h e po in t s o f oss i f i ca t ion , t h e i r deposi t i n membrane or 

g r i s t l e , a n d subsequent g r o w t h , h a v i n g no o ther or deeper s i g n i f i -
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ca t ion . I f a species be g i f t e d w i t h acute hea r ing , a n d the m o v e 

ments o f the ea r -d rum requ i r e severa l ossicles, these, l i k e the 

l a b y r i n t h , g r o w to f u l l size i n the e m b r y o , a p p r o p r i a t i n g t h e 

blastema o f the cont iguous haemal a r ch , and p r o p o r t i o n a l l y r e 

d u c i n g , b y a r res t ing the deve lopment of , the p leurapophys is o f 

such arch. T h e i n h e r i t e d tendency to a special or specif ic f o r m 

w h i c h thus inf luences ear ly developments a n d g r o w t h o f par t s has 

mis led some who have mis t aken such f o r homolog i ca l or a r c h e t y p a l 

characters. B u t the d e t e r m i n a t i o n o f these characters is a r r i v e d 

at b y other routes o f research; and, so reached, such d e t e r m i n a t i o n 

serves to exp la in m a n y o f the phenomena o f deve lopmen t w h i c h 

otherwise w o u l d r e m a i n as mere e m p i r i c a l fac ts . 

E m b r y o l o g y , e.g., shows t h a t i n the h u m a n foetus the s t e r n u m 

is developed f r o m a series o f ossific centres ( V o l . I I . p . 5 5 5 , fig. 

3 6 4 ) , w h i l s t the co-a r t i cu la ted c lav ic le—as l o n g a bone—is de

veloped f r o m a single ossific centre , and a con t iguous r i b , t h o u g h 

o f greater l e n g t h , is also hardened f r o m a s ingle ossific c e n t r e ; 

b u t embryo logy affords no e x p l a n a t i o n o f the reason o f such d i f 

ference. T h a t is a f forded b y a k n o w l e d g e o f t h e a r che type 

skeleton, w h i c h teaches t h a t the s t e r n u m — r e c k o n e d as a s ingle 

bone i n an thropotomy—consis t s o f a series o f v e r t e b r a l e lements , 

b u t t h a t the r i b and the c lavic le are s ingle elements. 

E m b r y o l o g y shows t h a t the canon-bone o f a r u m i n a n t , r e 

garded as a single bone b y the ve t e r ina r i an , is developed f r o m five 

ossific centres ; t w o on the same transverse l i n e near the m i d d l e , 

one on the upper , a n d a p a i r w h i c h soon coalesce at the l o w e r end . 

B u t no clue is a f forded to the s i g n i f i c a t i o n o f these several cen 

tres : e m b r y o l o g y is no c r i t e r i o n o f t h e i r h o m o l o g i e s ; these are 

determinable on other g rounds or * ways o f ana tomy . ' 

A knowledge o f the ' N a t u r e o f L i m b s , ' d e r i v e d f r o m h o m o l o 

gical studies leading to a r e c o g n i t i o n o f the a rche type , c o u l d alone 

l e t e rmine t h a t t w o o n l y ou t o f those five centres represent d i s -

i n c t bones i n the t y p i c a l pen tadac ty le f o o t o f the m a m m a l ; t h e 

•est h a v i n g no such s i g n i f i c a t i o n , b u t s e rv ing to p e r f e c t t h e u l t i -

nate g r o w t h as < epiphyses. ' So l i kewi se w i t h the co l l a r -bone 
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a n d r i b . A t a p e r i o d l o n g subsequent to the deposi t ion o f the 

first cent re o f bone, a second appears at t he s te rna l end o f the 

h u m a n c l av i c l e , a n d t w o are added to comple te the head and 

t u b e r c l e o f the r i b , t he sha f t o f w h i c h had been ossified b y g r o w t h 

f r o m a s ingle cent re . 

R e c o g n i t i o n o f the a rche type ske le ton elucidates the e m p i r i c a l 

fac ts o f e m b r y o l o g y , and teaches us t o d i s t i n g u i s h be tween the 

po in t s o f oss i f ica t ion o f a bone i n a h ighe r ver tebra te w h i c h s ig 

n i f y or answer t o bones t h a t r e t a i n t h e i r dist inctness i n l o w e r 

ver tebra tes , a n d the po in t s o f ossif icat ion w h i c h mere ly he lp ou t 

t h e g r o w t h or have t h e i r final purpose i n the exigencies o f the 

y o u n g a n i m a l . A l a m b or f o a l , e.g., can s tand on i t s f o r e legs 

s h o r t l y a f t e r i t is b o r n , a n d soon begins to r u n and bound . T h e 

shock to the l i m b s themselves is b r o k e n at th i s tender age b y the 

cushions o f car t i lage at t h e ends o f the shafts , and w h i c h con t inue 

f o r some t i m e t o be in t e rposed b e t w e e n the e ep iphyses ' and ' d ia -

phys i s . ' T h e j a r t h a t m i g h t a f fec t the l a rge and p u l p y b r a i n or 

t h e i m m a t u r e m a n is s i m i l a r l y d i f f u s e d and in t e rcep ted b y the 

' e p i p h y s i a l ' ex t r emi t i e s o f the v e r t e b r a l cen t rums . 

S u c h final purpose i n t h e several centres o f oss i f icat ion o f the 

v e r t e b r a l bodies a n d the l o n g bones o f the l imbs o f mammals does 

n o t a p p l y t o those o f r e p t i l e s ; and no epiphyses w i t h in terposed 

ca r t i l age a t t e n d the g r o w t h o f the l imb-bones o f saurians and 

tor toises . B u t , w h e n the r e p t i l e moves b y leaps, ossif icat ion o f 

t h e l o n g l imb-bones b y d i s t i n c t centres again p r e v a i l s ; t he ex

t r e m i t i e s o f t h e h u m e r i and f e m o r a are f ep iphyses ' i n the f r o g . 

E m b r y o l o g y a f fords no c r i t e r i o n be tween the ossific centres t h a t 

have a ' h o m o l o g i c a l ' a n d those t h a t have a e t e l e o l o g i c a l ' s i g n i f i 

c a t i on . A k n o w l e d g e o f the a r che type ske le ton is requ is i t e t o 

t each h o w m a n y a n d w h i c h o f t h e separate centres t h a t appear 

a n d coalesce i n t h e h u m a n , m a m m a l i a n , or a v i a n ske le ton , r e 

p resen t a n d are to be r e c k o n e d as d i s t i n c t bones, o r elements o f 

t h e a r c h e t y p e v e r t e b r a . F o r t h e w a n t o f th i s g u i d e g rea t and 

es t imable anatomis ts have gone as t ray . T h u s C U V I E R , comment 

i n g on t h e a r b i t r a r y e n u m e r a t i o n o f the s ingle bones i n the h u m a n 
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skele ton, a f f i r m e d t h a t t o l e a r n t h e i r t r u e n u m b e r i n a n y g i v e n 

species w e m u s t go to the first osseous centres as these are 

mani fes ted i n the foe tus ; 1 and G E O F F R O Y S T . H I L A I R E 2 c o n c u r r e d 

i n th is v i e w . 
I n the cart i lages ca l led * ep iphys ia l , ' t h a t eke o u t the ends 

and marg ins o f bones, ossif icat ion begins l a te r t h a n does t h a t o f 

the bone i t se l f . T h e t imes o f appearance o f the osseous nuc leus 

i n the coracoid process and acromion o f the h u m a n scapula w e l l 

e x e m p l i f y th i s d i f f e r e n c e ; i n the coracoid , e.g., a t t he first year , 

i n the acromion at the fifteenth year . E m b r y o l o g y teaches t h e 

fac ts b u t affords n o t the reason. 

Special homology shows t h a t the coracoid is a d i s t i n c t bone, the 

acromion a mere process, i n the ve r t eb ra te series. G e n e r a l h o 

m o l o g y gives the g r o u n d o f the d is t inc tness—the coracoid b e i n g 

the haemapophysis o f the haemal a rch o f w h i c h the scapula p rope r 

is the p leurapophysis . I n mos t mammals th i s haemapophysis is 

s tun ted and te rminates f r e e l y , l i k e t ha t o f the las t ( f l o a t i n g ) r i b . 

I n Mono t remes i t a t tains and ar t icu la tes w i t h i t s haemal spine , as 

i n the ' t r u e r i b , ' and keeps th i s n o r m a l e x t e n t a n d c o n d i t i o n 

t h r o u g h a l l the l o w e r ver tebrates . I t is the t y p i c a l state o f t h e 

coracoid, w h i c h is depar ted f r o m i n a l l ver tebra tes above M o n o 

t r emes : b u t such t y p i c a l state is n o t passed t h r o u g h i n t h e 

course o f t h e i r development . A s i n t h a t o f o ther m o d i f i e d haemal 

arches, the m a x i l l a r y , e.g., so i n the scapular a rch , the special c o n 

d i t i o n o f the abor ted haemapophysis is ga ined d i r e c t l y , n o t t h r o u g h 

any i n t e r v e n i n g t r a n s i t o r y man i f e s t a t i on o f the gene ra l character . 

So f a r is e m b r y o l o g y f r o m b e i n g a c r i t e r i o n o f h o m o l o g y . 

In regard to what I have reckoned a ' seventh way of ana-

1 ' Pour avoir le veritable nombre des os de chaque espece, i l faut remonter jusqu'aux 
premiers noyaux osseux tels qu'ils se montrent dans le foetus.'— Lecons d'Anatomie Com-
paree, 8vo. ed. 1835, torn. i . p. 120. 

2 • Ayant imagine de compter autant d'os qu'il y a de centres d'ossification distincts, 
et ayant essaye de suite cette maniere de faire, j ' a i eu bien d'apprecier la justesse de 
cette idee.'—Annates du Museum, torn. x. p. 344. See, however, the remarks on this 
point in my ' Lectures on the Comparative Anatomy of the Vertebrate Animals' 8vo 
1846, p. 37, et seq. 
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t o m y , ' I w o u l d r e m a r k t h a t the e x i s t i n g k inds o f ver tebrates 

cons t i t u t e p a r t o n l y , perhaps b u t a smal l p r o p o r t i o n , o f those 

w h i c h have l i v e d . T w o large p r i m a r y groups o f fishes have 

a lmost w h o l l y passed a w a y ; b u t the P o l y p t e r u s , Lep idos teus , a n d 

s tu rgeon y i e l d the anatomist some i n s i g h t i n t o the s t r u c t u r a l 

mod i f i ca t ions o f the Ganoidei o f A G A S S I Z ; w h i l s t the shark , the 

skate , a n d the cestracion g i v e a f u l l e r k n o w l e d g e o f those o f the 

Placoidei. 

Presen t rept i les f o r m a mere f r a g m e n t a r y r e m n a n t o f the grea t 

a n d v a r i e d class o f co ld-b looded a i r - b r e a t h i n g ver tebrates w h i c h 

p r e v a i l e d i n the mesozoic age. M o r e t h a n h a l f o f the o r d i n a l 

g roups o f the class, i nd i ca t ed b y osteal and den ta l characters, have 

p e r i s h e d ; a n d i t is o n l y b y p e t r i f i e d fceces or casts o f the i n t e s t i na l 

cana l , b y casts o f the brain-case, or b y cor re la t ive deduct ions f r o m 

characters o f t h e p e t r i f i a b l e remains , t h a t w e are enabled to g a i n 

a n y g l impse o f the ana tomica l condi t ions o f the sof t parts o f such 

e x t i n c t species: b y such l i g h t some o f the per ishable s t ruc tures of 

these animals are i n d i c a t e d i n the t e x t . 

A s ver tebra tes rise i n the scale and the adapt ive p r i n c i p l e p r e 

domina tes , t he l a w o f co r re l a t ion , as enunc ia ted b y C U V I E E , 1 be

comes more opera t ive . I n the j a w s o f the l i o n , e.g., there are 

l a r g e lan ia r ies or canines, f o r m e d to p ie rce , lacerate, and r e t a i n i t s 

p r e y . T h e r e are also compressed t r e n c h a n t flesh-cutting t ee th , w h i c h 

p l a y u p o n each o the r l i k e scissor-blades i n the m o v e m e n t o f the 

l o w e r u p o n the u p p e r j a w . T h e l o w e r j a w is shor t and s t rong ; 

i t a r t i cu la tes t o the s k u l l b y a t r ansverse ly ex tended c o n v e x i t y o r 

c o n d y l e , r ece ived i n t o a co r re spond ing c o n c a v i t y , f o r m i n g a close-

fitting j o i n t , w h i c h g ives a firm a t t achmen t to the j a w , b u t a lmost 

r e s t r i c t s i t t o t h e movemen t s o f open ing and c los ing the m o u t h . 

1 ' Tout etre organise forme un ensemble, un systeme unique et clos, dont les parties 
se correspondent mutuellement, et concourent a la meme action definitive par une re
action reciproque. Aucune de ces parties ne peut changer sans que les autres changent 
aussi; et par consequent chacune d'elles, prise separement, indique et donne toutes les 
autres.'—Discours sur les Revolutions de la Surface du Globe. 4to. 1826, p. 47. In 
this definition Cuvier apprehended, exclusively, the operance of the differencing and 
adapting pole, and the law becomes limited in its application accordingly. 
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T h e j a w o f the C a r n i v o r e developes a p la te o f bone o f b r e a d t h 

and he igh t adequate f o r the i m p l a n t a t i o n o f muscles , w i t h p o w e r 

t o i n f l i c t a deadly b i te . These muscles r e q u i r e a l a rge e x t e n t o f 

surface f o r t he i r o r i g i n f r o m the c r a n i u m , w i t h c o n c o m i t a n t 

s t reng th and c u r v a t u r e o f the zygomat i c a r ch , a n d are associated 

w i t h a s t rong occ ip i t a l crest and l o f t y dorsa l spines f o r v igo rous 

u p l i f t i n g and r e t r ac t ion o f the head w h e n the p r e y has been 

g r iped . T h e l imbs are a rmed w i t h shor t c l aws , a n d endued w i t h 

the requis i te power , ex ten t , and f r e e d o m o f m o t i o n , f o r t h e w i e l d 

i n g o f these weapons. These a n d other s t ruc tu res o f the h i g h l y -

organised Carn ivore are so co -o rd ina ted as t o j u s t i f y C U V I E R i n 

asserting tha t 1 the f o r m o f the t o o t h gives t h a t o f the condy le , o f 

the blade-bone, and o f the c laws, j u s t as the equa t ion o f a c u r v e 

evolves a l l i ts propert ies ; and e x a c t l y as, i n t a k i n g each p r o p e r t y 

b y i t s e l f as the base o f a p a r t i c u l a r equa t ion , one discovers b o t h 

the o r d i n a r y equa t ion and a l l i t s proper t ies , so the c l a w , t h e 

blade-bone, the condyle , the f e m u r , a n d a l l t he o ther bones i n 

d i v i d u a l l y , g ive the t ee th , or are g i v e n t h e r e b y r e c i p r o c a l l y ; a n d 

i n commenc ing b y any o f these, whoeve r possesses r a t i o n a l l y t h e 

laws o f the organic economy w i l l be able to r econs t ruc t the en t i r e 
a n i m a l . ' 1 

T h e l a w o f co r r e l a t i on receives as s t r i k i n g i l l u s t r a t i o n s f r o m 

the s t ruc tu re o f the herb ivorous m a m m a l . A l i m b m a y t e r m i 

na te i n a t h i c k h o r n y hoof. S u c h a f o o t serves c h i e f l y , a lmos t 

exc lus ive ly , f o r locomot ion . I t m a y ' paw the g r o u n d , ' i t m a y 

r u b a p a r t o f the animal 's h ide , i t m a y s t r ike or k i c k ; b u t i t 

cannot grasp, seize, or tear another an ima l . T h e t e r m i n a l u n g u 

late pha lanx gives , as C U V I E R declares, the mod i f i ca t i ons o f a l l 

the bones t h a t relate t o the absence o f a r o t a t i o n o f the f o r e - l e g , 

and those o f the j a w and s k u l l t h a t re la te t o the mas t i c a t i on 
offered b y broad-crowned complex molars . 

B u t there are ce r t a in associated s t ruc tu res f o r the coincidence 

o f w h i c h the phys io log ica l l a w is u n k n o w n . < I d o u b t , ' w r i t e s 

1 Op. cit. p. 49. 
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C U V I E R , ' w h e t h e r I shou ld have ever d i v i n e d , i f observa t ion h a d 

n o t t a u g h t i t me , t h a t the r u m i n a n t hoofed beasts shou ld a l l have 

t h e c l o v e n - f o o t , and be the o n l y beasts w i t h horns on the f r o n t a l 

b o n e . ' 1 I m a y add t h a t we k n o w as l i t t l e w h y horns should be i n 

one o r t w o pairs i n those ungu la t e s o n l y w h i c h have hoofs i n one 

or t w o pairs ; w h i l s t i n t h e h o r n e d ungula tes w i t h three hoofs 

the re shou ld be e i ther one h o r n , or t w o odd horns placed one be

h i n d t h e o ther , i n the m i d d l e l i n e o f the s k u l l ; or w h y the u n g u 

lates w i t h one or th ree hoofs o n the h i n d f o o t shou ld have three 

t rochan te r s o n the f e m u r , w h i l s t those w i t h t w o or f o u r hoofs o n 

the h i n d f o o t shou ld have o n l y t w o t rochan te r s . 2 

' H o w e v e r , ' cont inues C U V I E R , ' since these re la t ions are con

s t an t , t h e y m u s t have a s u f f i c i n g cause ; b u t as we are i g n o r a n t 

o f i t , we- m u s t s u p p l y the w a n t o f the t h e o r y b y means o f observa

t i o n . T h i s w i l l serve t o establ ish e m p i r i c a l laws i f adequate ly 

p u r s u e d , as sure i n t h e i r app l i c a t i on as r a t i o n a l ones . ' 3 ' T h a t 

the re are secret reasons f o r a l l these relat ions observat ion m a y 

conv ince us , i n d e p e n d e n t l y o f gene ra l ph i losophy . ' ' T h e con

s t ancy be tween such a f o r m o f such o r g a n and such another f o r m 

o f another o r g a n is n o t m e r e l y specif ic , b u t one o f class w i t h a 

co r re spond ing g r a d a t i o n i n the deve lopment o f the t w o o r g a n s . ' 4 

' F o r example , the d e n t a r y system o f n o n - r u m i n a n t ungula tes 

is g e n e r a l l y more p e r f e c t t h a n t h a t o f the b i su lca tes ; inasmuch 

as t h e f o r m e r have a lmost a lways b o t h incisors and canines i n the 

u p p e r as w e l l as the l o w e r j a w ; the s t r u c t u r e o f t h e i r fee t is i n 

g e n e r a l m o r e c o m p l e x , i n a s m u c h as t h e y have more d ig i t s or hoofs 

less c o m p l e t e l y e n v e l o p i n g the phalanges, or more bones d i s t i nc t 

i Op. cit. 50. 2 Quarterly Journal of the Geological Society, p. 138. 1847. 
3 ' Puisque ces rapports sont constants, i l faut bien qu'ils aient une cause suffisante, 

mais comme nous ne la connaissons pas, nous devons suppleer au ddfaut de la theorie 
par le moyen de l'observation.'—Op. cit. p. 50. 

4 ' En effet, quand on forme un tableau de ces rapports, on y remarque non seulement 
une consistance speciflque, si l'on peut s'exprimer ainsi, entre telle forme de tel organe 
et telle autre forme d'un organ different; mais Ton apercoit aussi une Constance 
classique et une gradation correspondante dans le developpement de ces deux organes, 
quimontrent, presque aussi bien qu'un raisonnement effectif, leur influence mutuelle.'— 

Op. cit. p. 51. 
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i n the metacarpus and metatarsus , or more numerous t a r sa l bones ; 

or a more d is t inc t and be t te r developed fibula; or a concur rence 

o f a l l these modif ica t ions . I t is impossible to assign a reason f o r 

these relat ions ; b u t , i n p r o o f t h a t i t is n o t an a f f a i r o f chance, 

we find t h a t whenever a bisulcate a n i m a l shows i n i t s d e n t i t i o n 

any tendency to approach the n o n - r u m i n a n t ungu la t e s , i t also 

manifes ts a s imi la r t endency i n the c o n f o r m a t i o n o f i t s fee t . ' A f t e r 

c i t i n g s imi la r instances o f such constant re la t ions , C U V I E R a g a i n 

declares tha t the palaeontologist e m u s t a v a i l h i m s e l f o f t h e m e t h o d 

o f obse rva t ion ' as a supp lemen ta ry i n s t r u m e n t w h e n the reason or 

l a w o f such re la t ions is u n d i s c o v e r e d ; a n d t h a t he is mos t suc

cessful i n the r econs t ruc t ion o f a whole f r o m a pa r t , w h o applies 

to the task ' efficacious comparison, ' g u i d e d b y c t a c t (adresse) i n 

d iscern ing l ikeness . ' 1 

A s we descend i n the scale o f l i f e f r o m the grade i l l u s t r a t i v e 

o f £ Cuvier ' s L a w , ' the me thod o f empi r i ca l observa t ion becomes 

more and more essential, the t a c t w i t h w h i c h i t is app l i ed b e i n g , 

however , i n the r a t io o f the d iscernment o f the cor re la t ions o f 

s t ructures . T h e resul ts o f the combined methods o f i n t e r p r e t i n g 

foss i l remains are l ead ing to views o f l i f e t r a n s c e n d i n g the ga ins 

to zoology as a record o f well-classed species, or t o p h y s i o l o g y as 

i l l u s t r a t i v e o f final purpose. A progress f r o m more general ised 

to more specialised s t ruc tures , analogous to t h a t e x e m p l i f i e d i n 

ex i s t i ng grades o f an ima l l i f e and i n successive phases o f i n d i v i d u a l 

development , is appreciable i n the series o f species w h i c h have 

succeeded one another upon our p lane t . 

C e r t a i n s t ruc tures w h i c h are t r a n s i t o r y or r u d i m e n t a l i n ex i s t 

i n g species are persistent a n d developed i n e x t i n c t . 

T h e caudal vertebrae are l a i d d o w n i n a g r a d u a l l y decreas ing 

series o f car t i lag inous n u c l e i , i n the e m b r y o o f m o d e r n b o n y fishes ; 

b u t i n the course o f ossif icat ion t h e y become massed a n d b l e n d e d 

toge ther t o f o r m the base o f a v e r t i c a l l y extended s y m m e t r i c a l 

t a i l - f i n . I n a l l palaeozoic fishes the i n i t i a l embryo-s ta te persists , 

and the t a i l - f i n , t h r o u g h the l e n g t h o f the uppe r lobe r e t a i n i n g t h e 

1 Op. cit. p. •)'!. 
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t e r m i n a l series o f vertebrae, is u n s y m m e t r i c a l . T h e process of 

d i f f e r e n c i n g w h i c h leads to the { h o m o c e r c a l ' t y p e begins i n the 

mesozoic p e r i o d a n d p reva i l s i n the neozoic. (See T A B L E O F 

S T R A T A , & c , p . x x x v i i i . ) 

A co r r e spond ing m o d i f i c a t i o n o f the caudal vertebrae prevai ls 

i n neozoic b i r d s ; b u t the embryos o f the e x i s t i n g species show 

t h e t e r m i n a l vertebrae d i s t i n c t , i n a t a p e r i n g series, before t h e y 

are massed i n t o the ' p loughshare b o n e ; ' and such, doubtless, was 

t h e l a w o f deve lopmen t i n a l l t he e x t i n c t species w h i c h have l e f t 

t e r t i a r y o r n i t h o l i t e s . B u t the ear l ies t and as y e t sole evidence 

o f t he fos s i l ske le ton o f a mesozoic b i r d shows the r e t e n t i o n o f 

t h e e m b r y o c o n d i t i o n , w i t h o r d i n a r y g r o w t h o f the vertebrae. 1 

M o d e r n r u m i n a n t s are hornless w h e n b o r n , and have the me-

tapodia ls s u p p o r t i n g t h e phalanges o f the c loven f o o t d i s t i n c t ; 

a t a n ear l i e r foetal p e r i o d r u d i m e n t s o f u p p e r fo re - t ee th s ta r t i n 

t h e g u m b u t do n o t ge t b e y o n d i t . T h e eocene m a m m a l t h a t first 

ind ica tes t h e r u m i n a n t t y p e r e t a ined the t r a n s i t o r y , and developed 

t h e abor t ed , characters o f i t s successors. T h e -metacarpals a n d 

meta ta rsa l s neve r coalesced t o f o r m a c canon-bone ; ' t he uppe r 

canines a n d ineisors were f u n c t i o n a l , b u t sma l l and equa l - s ized ; 

a n d , as horns never sp rou ted , C U V I E R ca l led the e x t i n c t beast 

' weaponless ' (Anoplotherium). I n m o d e r n horses the d i g i t o n 

each side t h e one s u p p o r t i n g the h o o f is undeve loped , and is 

represented b y a concealed r u d i m e n t o f the me tapod ia l ca l led 
6 sp l in t -bone . ' I n the miocene horses these metapodia ls reached 

t h e i r f u l l l e n g t h a n d suppor t ed hoofed d i g i t s , b u t o f s m a l l size, 

l i k e t h e ' spur ious hoofs ' o f t h e ox . T h e eocene m a m m a l i n i t i a 

t i n g t h e t y p e h a d these hoofs so developed as to f o r m a f u n c t i o n a l 

t r i d a c t y l e f o o t . M o r e o v e r , i n t h e JPalceotherium, c e r t a in t ee th 

( s y m b o l i s e d i n the present W o r k as p 1 ) w h i c h are r u d i m e n t a l a n d 

dec iduous i n the horse, were pers is ten t and f u n c t i o n a l . T h e mesozoic 

m a r s u p i a l s man i f e s t ed a l o w e r or less d i f f e r enced state o f d e n t i t i o n , 

e i the r b y t h e degree o f sameness o f f o r m (Phasco lo the re ) , or b y the 

super io r n u m b e r ( T h y l a c o t h e r e ) o f the m o l a r series o f t ee th . 
1 Philosophical Transactions, 1863, pp. 33, 45, pis. I . and I I I . 
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T h e f r u d i m e n t s ' o f parts a n d organs w h i c h are r e t a i n e d u n 

developed, or do no t acqui re the state capable o f a c t i n g , o r ' pe r 

f o r m i n g the f u n c t i o n ' done b y t h e m i n o ther species, are o f t w o 

k i n d s : one exh ib i t s the t o t a l i t y o f t h e o r g a n i n m i n i a t u r e , as, 

e.g., lac tea l glands a n d n ipples o f the m a l e m a m m a l ; the o the r 

is a p a r t o f an o rgan , as, e.g., t he f e w concealed cauda l vertebra? 

i n the s lo th , to w h i c h o ther vertebra? are added, w i t h c o n c o m i t a n t 

g r o w t h , to make the o rgan per fec t f o r i t s f u n c t i o n , as i n t h e t a i l 

o f the Mega the re . Some r u d i m e n t s show beg inn ings o f par t s 

w h i c h rise to pe r fec t ion i n h ighe r species o f the e x i s t i n g ser ies ; 

others are remnants o f organs t h a t were f u l l y deve loped a n d f u n c 

t i o n a l i n e x t i n c t species. T I E D E M A N N ' S ' sc robicu lus pa rvus i n 

loco co rnu pos te r io r i s ' i n the b r a i n o f Macacus , 1 and the p a r t 

w h i c h V R O L I K be l ieved h i m s e l f en t i t l ed to r e g a r d as an i n d i c a t i o n 

o f the ' h ippocampus m i n o r ' i n the b r a i n o f Troglodytes,'1 are 

beg innings o f s t ruc tures w h i c h show t h e i r f u l l deve lopment i n 

the h u m a n b r a i n , and m e r i t the nomenc la tu re assigned to t h e m 

i n an th ropo tomy . 

T h e filamentary l i m b o f Protopterus ( V o l . I . fig. 1 0 1 , A ) , t h e 

d idac ty le l i m b i n Amphiuma (lb. B ) , the t r i d a c t y l e homologue i n 

Proteus, are beg innings o f organs w h i c h a t t a in f u l l f u n c t i o n a l de

ve lopment i n h ighe r ver tebrates . T h e s t y l i f o r m metacarpals a n d 

metatarsals i n Equus, on the other h a n d , are r emnants o f par ts 

o f d ig i t s w h i c h were ent i re i n Hipparion, and were f u n c t i o n a l l y 

developed i n Palceotherium. 

R u m i n a n t s w h i c h h a b i t u a l l y f r e q u e n t heated a r i d p la ins o r 

deserts, as the g i raf fes and camels, e.g., have los t t he d i g i t s (ii 

ana* v, V o l . I I . fig. 193, ox) t h a t add to the resistance o f t h e h o o f 

o n swampy g r o u n d , as i n the b i son , e l k , and re indeer (lb. fin-
311) . 

T h e v i sua l o rgan degenerates, i n species i n h a b i t i n g d a r k caves 

or recesses (Amblyopsis ( V o l . I . fig. 175) , Heteropygii, Proteus, 

1 Icones cerebri Simiarum, fol. p. 14, fig. iii. 2. 
2 Vers!, en Mededeel. der Kon. Akad.,xiii. 1862, p. 7. 
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t he c r a w - f i s h o f the ( M a m m o t h Cave, ' and numerous insects and 

arachnidans) . 

Lepidopus, Trichiurus, Stromateus, e x e m p l i f y fishes w h i c h lose 

the v e n t r a l fins e n t i r e l y w i t h age ; t h e y are r u d i m e n t a l i n Gem-

pylus, Psettus a n d Centronotus; Soleotalpa has o n l y the r i g h t 

v e n t r a l deve loped and the l e f t r u d i m e n t a l ; the pec tora l fins are 

r u d i m e n t a l i n m a n y pleuronecto ids , e i ther o n b o t h sides, as i n 

Buglossus a n d Achirus, or o n the b l i n d side o n l y , as i n Monochir 

a n d m a n y species o f Synaptura. T h e ' adipose fin' o f ce r t a in 

S i l u r o i d a n d Sa lmono id fishes is a r u d i m e n t a l dorsal , sometimes 

s h o w i n g traces o f rays . 

T h e preva lence o f b i rds i n N e w Zea land w i t h o u t w i n g s (TDinor-

nis), or too f e e b l y developed f o r the purpose o f flight (Apteryx, 

Brachypteryx, Notornis, & c ) , is associated w i t h the absence i n 

those is lands o f a n y h ighe r f o r m o f l i f e exerc is ing des t ruc t ive 

m a s t e r y o f o rgan i sa t ion , u n t i l the i m m i g r a t i o n o f the h u m a n race. 

T h e w i n g s o f such b i rd s , l i k e the eyes o f the cavern fishes and 

crustaceans, w o u l d seem to have degenerated f o r w a n t o f u s e ; 

t h e i r legs, b y w h i c h l ocomot ion was exc lu s ive ly exercised, t o have 

g a i n e d i n size a n d s t r e n g t h . 

L A M A R C K , 1 a d v e r t i n g to observed ranges o f v a r i a t i o n i n ce r t a in 

species, a f f i r m e d t h a t such var ia t ions w o u l d proceed and keep pace 

w i t h the c o n t i n u e d opera t ion o f the causes p r o d u c i n g t h e m ; t h a t 

such changes o f f o r m a n d s t r u c t u r e w o u l d induce cor responding 

changes i n ac t ions , a n d t h a t a change o f act ions, w h e n h a b i t u a l , 

became another cause o f a l t e red s t r u c t u r e ; t h a t the more f r e q u e n t 

e m p l o y m e n t o f c e r t a i n p a r t s o r organs leads to a p r o p o r t i o n a l 

increase o f deve lopmen t o f such par t s , and t h a t as the increased 

exercise o f one p a r t is u s u a l l y accompanied b y a cor responding 

disuse o f ano ther p a r t , t h i s v e r y disuse, b y i n d u c i n g a p r o p o r t i o n a l 

degree o f a t r o p h y , becomes an added e lement i n the progress ive 

m u t a t i o n o f o r g a n i c f o r m s . 

C o n c o m i t a n t changes o f c l i m a t e , a n d o ther condi t ions o f a c o u n -

1 Philosophic Zoologique, torn. i . chaps, i i i . v i . vii. 

VOL. I . b 
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t r y a f f ec t ing the sustenance or w e l l - b e i n g o f i t s ind igenous an imals , 

m a y lead not o n l y to t h e i r m o d i f i c a t i o n b u t t o t h e i r de s t ruc t ion . I 

have , i n another w o r k , po in t ed o u t the characters i n the an imals 

themselves calcula ted to render t h e m most obnoxious to such ex 

t i r p a t i n g in f luences ; and have app l ied the r emarks to t h e exp l a 

na t ion o f so m a n y o f the l a r g e r species o f p a r t i c u l a r g roups o f 

animals h a v i n g become e x t i n c t , w h i l s t smal ler species o f equa l 

a n t i q u i t y have remained. 

* I n p r o p o r t i o n to i t s b u l k is the d i f f i c u l t y o f t h e contest w h i c h , 

as a l i v i n g organised w h o l e , the i n d i v i d u a l o f such species has t o 

m a i n t a i n against the s u r r o u n d i n g agencies t h a t are ever t e n d i n g 

t o dissolve the v i t a l bond and sub juga te the l i v i n g m a t t e r t o t h e 

o rd ina ry chemical and phys i ca l forces. A n y changes, t h e r e f o r e , 

i n such e x t e r n a l agencies as a species m a y have been o r i g i n a l l y 

adapted to exist i n , w i l l m i l i t a t e against t ha t existence i n a degree 

propor t iona te , perhaps i n a geomet r ica l r a t i o , t o the b u l k o f t h e 

species. I f a d r y season be g r a d u a l l y p ro longed , the la rge m a m 

m a l w i l l suffer f r o m the d r o u g h t sooner t h a n the sma l l one ; 

i f such a l te ra t ion o f c l ima te af fec t the q u a n t i t y o f vege tab le f o o d , 

the b u l k y H e r b i v o r e w i l l first f ee l the effects o f s t i n t ed n o u r i s h 

m e n t ; i f new enemies are in t roduced , the l a rge a n d conspicuous 

quadruped or b i r d w i l l f a l l a p r ey , w h i l s t the smal ler species c o n 

ceal themselves and escape. Smal ler animals are u s u a l l y , also, 
more p r o l i f i c t h a n la rger ones . ' 1 

T h e ac tua l presence, the re fore , o f smal l species o f an imals i n 

countr ies where l a rge r species o f the same n a t u r a l f a m i l i e s f o r 

m e r l y exis ted, is no t the consequence o f any g r a d u a l d i m i n u t i o n 

o f the size o f such species, b u t is the resu l t o f c i rcumstances , 

w h i c h m a y be i l l u s t r a t e d b y the fab le o f the 1 O a k a n d the R e e d ; ' 

the smaller and feebler animals have ben t and accommoda ted 

themselves to changes w h i c h have des t royed the l a r g e r species. 
T h e y have f a r e d be t te r i n the ' ba t t l e o f l i f e . ' 

A c c e p t i n g this exp lana t ion o f the e x t i r p a t i o n o f species as t r u e , 

• On the Genus Dinornis (Part iv.), Zool. Trans., vol. iv. p. 15 (February 1850). 
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M E . W A L L A C E 1 has app l i ed i t t o the e x t i r p a t i o n o f va r i e t i e s ; and 

as these do arise i n a w i l d species, he shows h o w such deviat ions 

f r o m t y p e m a y e i ther t e n d t o the des t ruc t ion o f a v a r i e t y , or t o 

adapt a v a r i e t y to some changes i n s u r r o u n d i n g condi t ions , under 

w h i c h i t is be t t e r ca lcu la ted to exis t , t h a n the t y p e - f o r m f r o m 

w h i c h i t dev ia ted . 

N o d o u b t the t y p e - f o r m o f any species is t ha t w h i c h is best 

adapted to the condi t ions u n d e r w h i c h such species at the t i m e 

ex i s t s ; a n d as l o n g as those condi t ions r e m a i n unchanged , so l o n g 

w i l l t he t y p e r e m a i n ; a l l variet ies depa r t i ng t h e r e f r o m b e i n g 

i n the same r a t i o less adapted to t h e e n v i r o n i n g condit ions o f 

existence. B u t i f those condi t ions change, t h e n the v a r i e t y o f the 

species a t a n antecedent date and state o f t h ings m a y become 

the t y p e - f o r m o f the species at a l a t e r date, and i n an a l tered 

state o f t h i n g s . 

I n h is w o r k ' O n the O r i g i n o f Species b y N a t u r a l Se lec t ion , ' 2 

M R . D A E W I N more f u l l y exempl i f i e s , c o n j e c t u r a l l y , t he rec iproca l 

i n f l u e n c e o f e x t e r n a l condi t ions and i n h e r e n t tendencies to v a r i e t y , 

i n c a r r y i n g o n , as he believes, the dev ia t ions f r o m t y p e to specific 

a n d h i g h e r degrees o f d i f fe rence . 

A l l these, however , are conceptions o f w h a t m a y have, n o t 

observat ions o f w h a t have , o r i g i n a t e d a species. A p p l i e d t o 

the s t ruc tu res w h i c h d i f f e r en t i a t e Troglodytes f r o m Homo,3 or 

Chiromys f r o m Lemur,4, t h e y are powerless to e x p l a i n t h e m : a n d 

the s t r u c t u r a l d i f ferences i n these instances are grea ter t h a n i n 

m a n y o the r species m a i n t a i n i n g t h e i r d i s t i n c t i o n b y sexua l i n 

capac i ty t o p roduce f e r t i l e h y b r i d s . 

A n i n n a t e t endency or s u s c e p t i b i l i t y i n an o f f s p r i n g to d i f f e r 

f r o m a p a r e n t is a f a c t o f o b s e r v a t i o n : w h e n ca r r i ed b e y o n d a 

c e r t a i n p o i n t t h e issue is ca l l ed , f r o m i t s r a r i t y , a c monster . ' B u t 

th i s t e n d e n c y and i t s resu l t s are independen t o f i n t e r n a l vo l i t i ons 

and e x t e r n a l in f luences . 

1 Proceedings of the Linnean Society, August 1858, p. 57. 2 8vo. 1859. 
8 On the Classification and Geographical Distribution of the Mammalia, 8vo. 1859, 

p. 92. 4 Transactions of the Zoological Society, vol. v. p. 86. 
b 2 
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T h e r e f o r e , w i t h eve ry d ispos i t ion to acqui re i n f o r m a t i o n a n d 

receive i n s t r u c t i o n as to h o w species become such , I a m s t i l l c o m 

pel led , as i n 1849, t o confess ignorance o f the mode o f opera t ion 

o f the n a t u r a l l a w or secondary cause o f t h e i r succession o n t h e 

ear th . B u t t h a t i t is an e o r d e r l y succession,' or a c c o r d i n g to 

l a w , 1 and also e p rogress ive ' or i n the ascending course, is ev iden t 

f r o m ac tua l knowledge o f e x t i n c t species. 

T h e i n d u c t i v e basis o f b e l i e f i n the opera t ion o f n a t u r a l l a w or 
f secondary cause ' i n the succession and progress ion o f organised 

species, was l a i d b y the demons t ra t ion o f the u n i t y o f p l a n u n d e r 

l y i n g the d i v e r s i t y o f a n i m a l s t ruc tures , as e x e m p l i f i e d b y t h e 

de terminat ions o f special and genera l h o m o l o g y ; b y the d iscovery 

o f the l aw o f e I r r e l a t i v e r e p e t i t i o n ; ' b y observa t ion o f t h e ana 

logies o f t r a n s i t o r y e m b r y o n a l stages i n a h i g h e r a n i m a l t o t h e 

m a t u r e d f o r m s o f l ower an ima l s ; and b y the evidence t h a t i n t h e 

scale o f ex i s t i ng n a t u r e , as i n the development o f the i n d i v i d u a l , 

and i n the succession o f species i n t i m e , there is e x e m p l i f i e d an 

ascent f r o m the genera l or l o w e r to the p a r t i c u l a r or h i g h e r c o n 

d i t i o n o f organism. 

T h e most i n t e l l i g i b l e idea o f homologous par t s i n such series 

is t h a t t h e y are due to inher i tance . H o w i n h e r i t e d , or w h a t m a y 

be the manner o f operance o f the secondary cause i n t h e p r o 

d u c t i o n o f species, remains i n the h y p o t h e t i c a l state e x e m p l i f i e d 

b y the guess-endeavours o f L A M A R C K , D A R W I N , W A L L A C E , a n d 
others. 

I n the lapse o f ages, h y p o t h e t i c a l l y i n v o k e d f o r the m u t a t i o n 

o f specific d is t inc t ions , I w o u l d r e m a r k t h a t M a n is n o t l i k e l y t o 

preserve his longer t h a n con tempora ry species the i r s . See ing 

the greater v a r i e t y o f inf luences to w h i c h he is sub jec t , t h e 

present characters o f the h u m a n k i n d are l i k e l y t o be sooner 

changed t h a n those o f lower ex i s t i ng species. A n d , w i t h s u c h 

1 BADEN POWELL, quoting from my Work < On the Nature of Limbs,' 8vo. 1849, p. 
86, writes:—' To what actual or secondary cause' ('Essays on the Unity of'Worlds ' 
1855, p. 401), instead of, 'To what natural laws or secondary cause the orderly suc
cession and progression of species may have been committed, we are, as yet ignorant' 
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change o f specif ic character , especial ly i f i t shou ld be i n the 

ascensive d i r e c t i o n , there m i g h t be associated powers o f pene

t r a t i n g the p rob lems o f zoo logy so f a r t r anscending those o f o u r 

present c o n d i t i o n , as t o be equ iva l en t t o a d i f f e r e n t a n d h igher 

phase o f i n t e l l e c t u a l ac t ion , r e s u l t i n g i n w h a t m i g h t be t e r m e d 

another species o f zoologica l science. 

W i t h the present p sych ica l and s t r u c t u r a l characterist ics o f the 

h u m a n species, i t m a y be reasonably concluded t h a t those o f other 

e x i s t i n g species, especial ly o f t h e d i s t i n c t l y m a r k e d ver tebra te 

classes, w i l l be, a t least, concur ren t a n d c o - e n d u r i n g ; and, i n t h a t 

sense, w e m a y accept the d i c t u m o f the F r e n c h z o o l o g i s t : — * L a 

s t a b i l i t e des especes est une c o n d i t i o n necessaire a l 'existence de 

l a science d ' H i s t o i r e N a t u r e l l e . ' A t the same t i m e , i n d u l g i n g w i t h 

L A M A R C K i n h y p o t h e t i c a l v i ews o f t r a n s m u t a t i v e a n d selective 

in f luences d u r i n g aeons t r anscend ing t j i e periods a l l o t t ed t o the 

exis tence o f ourselves and our contemporar ies , as we n o w are, w e 

m a y also s a y : — e L a n a t u r e n ' o f f r e que des i n d i v i d u s q u i se suc-

c&dent les uns a u x autres par voie de genera t ion , et q u i p r o v i e n -

n e n t les uns des autres . L e s espeices p a r m i eux ne sont que 

r e l a t ives , e t ne le sont que t empora i rement , ' 



o 
M 
o 
N 
O 
H 
o 

P3 
<i 
M 
EH 
Pi 
EH 

Ta&fc 0/ $£rata cwrf Oder o/" Appearance 
of Vertebrate Life upon the Earth. 

Turbary. 
Shell Marl. 
Glacial Drift. 
Brick Earth. 

03 
O 
O 
+=> 
M 

M A N by Remains. 

\ by Weapons. 

Norwich \ 
Red \ 
Coralline ' 

Crag. 

Faluns. 

Molasse. 

..PH.. 
o 
a 
O 
o 
PH 
o 
§ 
o 
• H 

Mammals under present geographical 
distribution. 

Ruminantia. 
-9 

^ Quadrumana. 

Gyps. 
London 
Plastic Clays. 

O 
O 

^ Proboscidia. v ' o*" 

^ Rodentia. 

Ungulata. Carnivora. 

O 
o 

o 

o 
I * 
« 
<j 
n 
% 
o 
o 
CQ 

Maestricht. 
Upper Chalk. 
Lower Chalk. 
Upper Greensand. 
Lower Greensand. 

03 
o 
a> 
o 

Cycloid. 
Ctenoid. FISHES. 

Mosasaurus. 
Polypty chodon. 

BIKDS, by Bones. 
Proeoelian Crocodilia. 
Pterodactyles. 

Weald Clay. 
Hastings Sand. 
Purbeck Beds. — 
Kimmeridgian. 
Oxfordian. 
Kellovian. 
Forest Marble. 
Bath-Stone. 
Stonesfield Slate. 
Great Oolite. 
Lias. 
Bone Bed. • 

•a 

o 
3 
o 
O 

Iguanodon. 
-Marsupials.—Chelonia by Bones. 
Pliosaurus. 
Birds by Bones and Feathers. 

•5? 

~f -4? J? 

$< & *? & 

U. New Red Sandstone. 
Muschelkalk. 
Bunter. 

Marsupials. 

Ichthyopterygia. V A? 
• M A M M A L I A . 

02 
03 
•rH 
5-1 
EH 

A V E S , by Foot-prints. 
Sauropterygia. 
Labyrinthodontia. 

O 
M 
o 
N 
O 
Hi 

PH 

o 

M 
PH 
PH 

Marl-Sand. 
Magnesian Limestone. 
L. New Red Sandstone. PH? 

Sauria, 
Chelonia, by Foot-prints. 

Coal-Measures. 
Mountain Limestone. 
Carboniferous Slate. 

6 g R E P T I L I A ganocephala. 

1=2 

U. Old Red Sandstone. 
Caithness Flags. 
L. Old Red Sandstone. 
T " ' q i " ' " r 

"JL 
O H 
<D-pj 

Wenlock. 
Caradoc 
Llandeilo 
Lingula Flags. 
Cambrian. 

'ganoid. 
placo-ganoid. ^ 

. P I S C E S 1 P^coid. 

9 

02 
V ^ > v v v v 

Eucoids. Zoopiiytes. 



C O N T E N T S , O R S Y S T E M A T I C I N D E X . 

CHAPTER I . 

CHARACTERS OF VERTEBEATES. 
SECTION * 

1. Developmental characters P A G j 3 

2. Structural characters 3 
3. Piscine modification 4 
4. Reptilian modification g 
5. Avian modification g 
6. Mammalian modification g 
7. Genetic and thermal distinctions . g 
8. Sub-classes of Hsematocrya, or Cold-blooded Vertebrates 7 
9. Orders of Hsematocrya g 

CHAPTER II. 

OSSEOUS SYSTEM OF HSEMATOCRYA. 

10. Composition of Bone ±g 
11. Development of Bone 21 
12. Growth of Bone 23 
13. Classes of Bone . . 26 
14. Type-segment, or Vertebra 27 
15. Archetype Skeleton 29 
16. Development of Vertebrae 30 
17. Vertebral column of Fishes 34 
18. Vertebral column of Batraehia . 46 
19. Vertebral column of Ichthyopterygia 50 
20. Vertebral column of Sauropterygia 51 
21. Vertebral column of Ophidia 53 
22. Vertebral column of Lacertia 57 
23. Vertebral column of Chelonia 60 
24. Vertebral column of Crocodilia 65 
25. Vertebral column of Pterosauria 70 
26. Development of the Skull 71 
27. Skull of Plagiostomi 76 
28. Skull of Protopteri 82 



x l CONTENTS. 

PAGE 
SECTION 85 

29. Skull of Batrachia 92 
30. Skull of Osseous Fishes 1 2 6 

31. Skull of Chelonia 1 3 5 

32. Skull of Crocodilia • 1 4 6 

33. Skull of Ophidia 1 5 4 

34. Skull of Laeertilia 1 5 8 

35. Skull of Ichthyopterygia 1 5 g 

36. Skull of Dicynodontia 
37. Skull of Pterosauria 
38. Scapular arch and appendages of Hsematocrya 
39. Pectoral limb of Fishes 
40. Pectoral limb of Reptiles 
41. Pelvic arch and limb of Fishes 
42. Pelvic arch and limb of Reptiles 

- 43. Dermoskeleton of Fishes 1 9 3 

44. Dermoskeleton of Reptiles 1 9 8 

CHAPTER I I I . 

MUSCULAR. SYSTEM OF HSEMATOCRYA. 

45. Structure of Muscle 200 

46. Myology of Fishes 2 0 2 

47. Myology of Reptiles 2 1 5 

48. Locomotion of Fishes 2 4 : 3 

49. Locomotion of Serpents 2*> 9 

50. Locomotion of Limbed Reptiles 2 6 2 

CHAPTER IV. 

NERVOUS SYSTEM OF HSEMATOCRYA. 

51. Nervous Tissues . 2 ° ° 
52. Myelencephalon of Fishes 268 
53. Myelencephalon of Reptiles 290 
54. Myeleneephalic membranes in Hsematocrya 296 
55. Nerves of Fishes 297 
56. Nerves of Reptiles 309 
57. Sympathetic nervous system 318 
58. Sympathetic nervous system of Fishes 320 
59. Sympathetic nervous system of Reptiles 321 
60. Appendages of the Nervous System 323 
61. Organ of Touch in Hsematocrya 325 
62. Organ of Taste in Reptiles 327 
63. Organ of Smell in Hsematocrya 328 
64. Organ of Sight in Fishes 331 
65. Organ of Sight in Reptiles 337 
66. Organ of Hearing in Fishes 342 
67. Organ of Hearing in Reptiles 347 
68. Electric Organs of Fishes 359 



CONTENTS. x i i 

CHAPTER V. 

DIGESTIVE SYSTEM OF HsEMATOCRYA. 
SECTION 

69. Dental Tissues 
70. Teeth of Fishes 
71. Teeth of Reptiles 
72. Alimentary canal of Fishes 
73. Liver of Fishes 
74. Pyloric appendages and pancreas of Fishes 
75. Alimentary canal of Reptiles 
76. Liver of Reptiles 
77. Pancreas of Reptiles 

PAGE 
359 
368 
385 
409 
425 
428 
433 
448 
453 

CHAPTER V I . 

ABSORBENT SYSTEM OF HSEMATOCRYA. 

78. Connective tissue : serosity 455 
79. Absorbents of Fishes 456 
80. Absorbents of Reptiles . 458 

CHAPTER V I I . 

CIRCULATING AND RESPIRATORY SYSTEMS OF HSEMATOCRYA. 

81. Blood of Fishes 463 
82, Veins of Fishes 464 
83. Heart of Fishes 470 
84. Gills of Fishes 475 
85. Arteries of Fishes 488 
86. Air-bladder of Fishes ... 491 
87. Blood of Reptiles 500 
88. Veins of Reptiles 501 
89. Heart of Reptiles 505 
90. Grills of Batrachians 512 
91. Arteries of Reptiles 516 
92. Lungs of Reptiles 521 
93. Larynx of Reptiles 527 
94. Respiratory actions of Reptiles 

CHAPTER V I I I . 

URINARY SYSTEM OF HJEMATOCYRA. 

95. Kidneys of Fishes 
96. Kidneys of Reptiles 
97. Adrenals of Haematocrya 

VOL. I . c 



x i i i CONTENTS. 

CHAPTER IX. 

TEGUMENTARY SYSTEM OF HsEMATOCRYA. 
SECTION PAGE 

98. Composition of Tegument 545 
99. Teguments of Fishes 546 

100. Teguments of Reptiles 550 

CHAPTER X. 

PECULIAR AND DUCTLESS GLANDS AND REPRODUCIBLE PARTS. 

101. Scent-glands of Reptiles 562 
102. Poison-glands of Reptiles 563 
103. Thyroid body or gland of Hsematocrya 564 
104. Thymus body or gland of Reptiles 565 
105. Reproducible parts in Hsematocrya 566 

CHAPTER X I . 

GENERATIVE SYSTEM OF HSEMATOCRYA. 

106. Male organs of Fishes 568 
107. Female organs of Fishes 571 
108. Male organs of Batrachians 576 
109. Male organs of Reptiles . . 579 
110. Female organs of Batrachians and Reptiles 583 

CHAPTER X I I . 

GENERATIVE PRODUCTS AND DEVELOPMENT OF HSEMATOCRYA. 

111. Semination of Hsematocrya . 589 
112. Ovulation in osseous Fishes and Batrachians 592 
113. Ovulation in cartilaginous Fishes and scaled Reptiles 597 
114. Fecundation in Fishes ggg 
115. Development of Fishes 601 
116. Growth and nests of Fishes 611 
117. Fecundation in Reptiles 
118. Oviposition in Reptiles g-̂ g 
119. Development of Batrachians gig 
120. Development of Reptiles g3Q 

ERRATA. 
Below Cuts 134,135, 136, 137, for ' xxxin.,' read ' xxm.' 
Page 396, eight lines from top, for ' premaxillary,' read' vomerine.' 

„ 448, eighteen lines from top, for ' tunical,' read ' tumid.' 
„ 512, eleven lines from bottom, transpose < fig. 399, B ' to tenth line, after • ventricle 
„ 625, four lines from top,/or 'fig. 435,' read 'fig. 424, b.' 
„ 630, five lines from bottom, for 1 bodies,' read ' borders.' 



THE 

A N A T O M Y " O F V E R T E B R A T E S . 

oojagtjo-o— 

CHAPTER I. 

CHARACTERS OF VERTEBRATES. 

§ 1. Developmental characters.—Vertebrates, l i k e l o w e r animals , 
b e g i n i n a s e m i f l u i d n i t rogenous substance c a l l e d 6 plasma, ' fig. 1 , A , 
a; p r i m a r i l y d i f f e r e n t i a t i n g i n t o a l b u m e n , fibrine, l emma, i b . b, c l , 
n u c l e i and c e l l s ; i n w h i c h l a t 
t e r f o r m t h e i n d i v i d u a l i t y o f 
t h e n e w o rgan i sm first dawns 
as a nuc lea ted s g e r m - c e l l ' or 
g e r m i n a l ves ic le , i b . d. 

B y the e v o l u t i o n o f a l b u m i 
nous g ranu les and o i l -par t ic les 
p lasma becomes 1 y o l k , ' fig. 1 , 
B , c ; t h e g e r m i n a l vesicle m a y 
be obscured b y endogenous 
m u l t i p l i c a t i o n o f g ranules , gra
n u l a r cells a n d o i l -g lobu les , 
w h i c h combine w i t h those o f 
t h e y o l k t o f o r m i t s g e r m i n a l 
p a r t : an ou te r l a y e r o f ' l e m 
ma , ' D , ch, completes t h e u n -
i m p r e g n a t e d v e r t e b r a t e egg. 

F o r f u r t h e r deve lopemen t 
ano ther p r i n c i p l e is needed, 
v i z . t h e h y a l i n e nuc leus o r 
p r o d u c t o f t h e spe rm-ce l l , fig. 
2 , ca l l ed ' spermatozoon. ' I t s r e c e p t i o n b y the egg, as a t a, b, fig. 
3^ is f o l l o w e d b y t h e f o r m a t i o n o f a germ-mass . T h i s mass is due 

' Gr. lemma, skin ; also called 'primary' or ' basement' membrane ; distinguished, 
through its relations, as 'neurilemma, sarcolemma, adenolcmma' or the limitary 
membrane of gland-follicles, &c. 

1 

Stages of developement of the ovarian egg of a vertebrate 
animal (Gasterosteus). OLXXVT. 
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Stages of developement of the ovarian egg of a verte
brate animal (continued), CLXXVI. 

t o a series o f se l f - sp l i t t ings o f the i m p r e g n a t e d cen t re , w h i c h 
' f i s s i p a r o u s ' p r o g e n y ass imi
la te or i nco rpo ra t e m o r e or 
less o f the y o l k . I n fig. 4 , A , 
d is t he i m p r e g n a t e d g e r m -
y o l k ; e t he fluid b e t w e e n i t 
and the zona, f ; f is a l b u m e n 
f r o m w h i c h t h e c h o r i o n , cho, 
arises. I n B , fig. 4 , is s h o w n 
the first d i v i s i o n o r segmen
t a t i o n o f t h e g e r m - y o l k ; C 
shows the second d i v i s i o n ; a n d 
D , a l a t e r stage i n w h i c h t h e 
proper t ies o f t h e i m p r e g n a t e d 
cent re have been d i f f u s e d 
and d i s t r i b u t e d b y fissiparous 

m u l t i p l i c a t i o n amongst the countless nuc lea ted cells w h i c h f o r m 
the germ-mass. 

T h u s f a r the ver tebra te g e r m resembles i n f o r m , s t r u c t u r e , a n d 
behav iour , t he i n f u s o r i a l m o n a d a n d t h e g e r m -
stage o f inver tebra tes . T h e n e x t step impresses 
u p o n the nascent b e i n g i t s ' v e r t e b r a t e ' t y p e . 
L i n e a r r o w s o f the nuc lea ted cells coalesce a n d 
become conver ted i n t o t h e nervous axis , w h i c h 
under t h e f o r m or appearance o f a doub le c h o r d , 
fig. 5, ch, m a r k s the dorsal or ' n e u r a l ' aspect 

sperm ceii, with three o f the e m b r y o n a l r u d i m e n t . T h e n u t r i t i v e organs 
spermatoa, and their „ , . . -. . •. , . 
nucleus the -spermato- g r o w f r o m the opposite side. A l o n g the m t e r -
zoon'(Cock). CLXXVII. • 1 • -1 i i l • e i i i i , 

space is l a i d the basis o i the ske le ton , as a 
gelat inous c y l i n d e r , i n a membranous sheath, ca l led ' n o t o c h o r d , ' 1 

3 w h i c h developes a pa i r o f plates * n e u r a d ' 2 

t o enclose the nervous axis , a n d a pa i r o f 
plates ' h a a m a d ' 3 t o enclose the vascu la r 
axis and organs o f vege ta t ive l i f e . F l e s h 
and s k i n coextend w i t h the enclos ing plates. 

T h i s f o r m a t i o n o f t w o d i s t i n c t p a r a l l e l 
cav i t i e s—' n e u r a l ' and ' haema l '—under 
symmet r i ca l guidance i n t h e v e r t i c a l o r 
' neuro-ha3mal ' d i r e c t i o n , w i t h a r e p e t i 
t i o n o f parts on the r i g h t a n d l e f t sides, 
es tabl ishing t ransverse or ' b i - l a t e r a l * 

1 The 'chorda dorsalis' of embryologists. 2 Backward in man, upward in beasts, 
3 Forward in man, downward in beasts. 

Vertebrate egg, impregnated by the 
spermatozoa (Rabbit), CLXXVI. 
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s y m m e t r y , cons t i tu tes the c h i e f deve lopmenta l character is t ic o f 
t h e ve r t eb ra t e a n i m a l . 

7 ; 
6, 

T h e t w o f o l d s y m m e t r y is shown i n the bone -segment, fig. 
also i n the flesh-segment s u r r o u n d i n g the skeletal one i n fig 
i n w h i c h t h e m i d p o i n t 
m a r k s t h e e n o t o -
c h o r d ; ' w i t h the n e u 
r a l cana l above, the 
haemal canal b e l o w ; 
b o t h s u r r o u n d e d b y 
t h e t w o n e u r a l and 
t w o haemal masses o f muscles o n each side. 

T h e lance le t , Branchiostoma, fig. 23 , superinduces i t s d i s t inc 
t i v e characters u p o n th i s stage. A p o n e u r o t i c septa accompany the 
pa i rs o f nerves a n d d i v i d e the l o n g i t u d i n a l muscu la r masses i n t o 
segments. A t t h e n e x t r ise segmenta t ion is shown b y the develop
m e n t o f ca r t i l age , f o r m i n g pairs o f plates, fig. 5, v, 
c o m m o n l y cor responding w i t h the pairs o f nerves 
sent o f f f r o m the n e u r a l axis , a n d w i t h the pairs 
o f vessels f r o m the haemal axis . A s these plates 
os s i fy , oss i f ica t ion c o m m o n l y also begins a t cor
r e s p o n d i n g po in t s o f the no tochord , d i v i d i n g i t 
i n t o as m a n y cen t r a l par t s as there are p e r i 
p h e r a l plates or arches, and c o n s t i t u t i n g skeletal 
segments or £ ve r t eb rae ; ' accord ing , or r educ ib le 
t o , t he t y p e , fig. 7-

§ 2. Structural characters. — T h e series o f f vertebrae,' under 
t h e i r several mod i f i ca t ions , as the neu ra l or haemal organs 6 

m a y p redomina t e , cons t i tu t e the v e r t e b r a l c o l u m n . T h e 
n e u r a l axis consists o f ' e n c e p h a l o n ' or b r a i n , and o f 
e m y e l o n ' o r sp ina l cho rd . T h e organs o f the five senses 
— t o u c h , taste, s m e l l , h e a r i n g , and s igh t — are u sua l l y 
present . T h e blood-discs , fig. 8, speedi ly acqui re the r ed 
co lou r w h i c h , b y t h e i r n u m b e r and minuteness , t h e y 
i m p a r t t o t h e w h o l e b lood . T h e hea r t is a compact m u s - 'myocomma-

or flssli-sG0'1" 
cu l a r o r g a n , o f t w o or m o r e cavi t ies , p r o p e l l i n g the b lood , ment;taiiofa 
t h r o u g h a closed sys tem o f ar ter ies and veins , d i r e c t l y t o 
the b r e a t h i n g - o r g a n , and , i n mos t ver tebra tes , d i r e c t l y also to the 
b o d y . T h e b r e a t h i n g - o r g a n communica tes w i t h the p h a r y n x . T h e 
a l i m e n t a r y canal has d i s t i n c t r ecep t ive and expe l l en t apertures, 
u s u a l l y a t opposi te ends o f the t r u n k . T h e m o u t h is p r o v i d e d 
w i t h t w o j a w s , p laced one above or be fore the other , w o r k i n g 
i n the d i r e c t i o n o f t h e axis o f the body . T h e muscles s u r r o u n d 

B 2 

Germ of a Rabbit (Barry) 

Section of a 
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Ineural spine 

zygapophysis 
iiapophysis 

kneurapophysis 

jpBaaasl pleurapophysls 

the b o n y or g r i s t l y levers on w h i c h t h e y act. T h e l i m b s do n o t 
exceed t w o pairs. T h e sexes are d i s t i n c t , a n d the i n d i v i d u a l 
is developed d i r e c t l y f r o m an i m p r e g n a t e d o v u m . U n d e r t h e 

ve r tebra te p l a n o f s t r u c t u r e an imals 
g r o w to a grea ter size and l i v e a 
longer t i m e , t h a n unde r a n y o f t h e 
inve r t eb ra t e plans. 

§ 3. Piscine modification. — A l l 
ver tebrates , d u r i n g more or less o f 
t h e i r deve lopmenta l l i f e - p e r i o d , float 
i n a l i q u i d o f s imi l a r specif ic g r a v i t y 

; t o themselves. A la rge p r o p o r t i o n , 
c o n s t i t u t i n g the lowes t organised and 
first developed f o r m s o f t h e p r o 
v ince , exis t and brea the i n w a t e r , 

O f these a f e w r e t a i n t h e p r i m i t i v e 
v e r m i f o r m condi t ion and develope no limbs": i n the rest t h e y are 
' fins,' o f s imple f o r m , m o v i n g b y one j o i n t u p o n t h e b o d y , r a r e l y 
adapted f o r any other f u n c t i o n t h a n the impu l se or gu idance 

parapophysis : 

V 
zygapophysis 

! 

' haemapophysis 

hasmal spine 

Ideal typical vertebra, OXLV. 

and are cal led ' f i shes . ' 

b 

\ 

Blood-discs, each magnified 300 diameters linear, a, Man ; 6, Musk-deer; c, Goose; d, Crocodile; 
e, Frog; /, Siren; g, Cod-flsh; h, Skate, OXLV. 

of the body through the water. The shape of the body is usually 
such as is adapted f o r m o v i n g w i t h least resistance t h r o u g h a 
l i q u i d m e d i u m . T h e surface o f the b o d y is e i ther smooth a n d 
lubr icous , or is smooth ly covered b y ove r l app ing scales, is r a r e l y 
defended b y b o n y plates or roughened b y tuberc les , s t i l l m o r e 
r a r e l y a rmed w i t h spines. 

T h e neu ra l axis presents b u t one loca l en la rgement , a t t h e f o r e 
end, f o r m i n g the ' encepha lon ; ' i t is smal l , and consists o f a suc
cession o f s imple gangl ion ic masses, most o f w h i c h are app ro 
p r i a t e d to the f u n c t i o n o f a nerve o f special sense. T o u c h is 
f e e b l y exercised, and an o rgan f o r t h a t sense r a r e l y developed. 
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T h e t ongue , as an o rgan o f taste, is h a r d l y conspicuous; the 
f r a m e w o r k s u p p o r t i n g i t relates ch i e f ly to the mechanism o f swa l 
l o w i n g and b r e a t h i n g , and is suspended t o a pedicle common to i t 
a n d the m a n d i b l e . O f the o rgan o f hea r ing there is no o u t w a r d 
s i g n ; b u t t h e essential i n t e r n a l p a r t or ' l a b y r i n t h ' is present, 
a n d i t s semic i rcu la r canals are, i n most fishes, l a r g e l y developed. 
T h e l a b y r i n t h is d e v o i d o f a ' cochlea, ' and is r a r e ly p r o v i d e d w i t h 
a p rope r chamber , b u t is lodged , i n common w i t h the b r a i n , i n 
t h e c r an i a l c a v i t y . T h e eyes are u sua l l y l a rge , seldom defended 
b y eyel ids , a n d never served b y a l a c r y m a l apparatus. T h e a l i 
m e n t a r y canal is c o m m o n l y shor t and s imple , w i t h the divis ions 
less c l e a r l y m a r k e d t h a n i n h ighe r ve r t eb ra tes ; t he short and 
w i d e g u l l e t b e i n g h a r d l y d is t inguishable f r o m the stomach. T h e 
pancrea t ic f u n c t i o n appears t o be p e r f o r m e d b y c o m m o n l y more 
or f e w e r caecal appendages to the duodenum. T h e hear t consists 
essent ia l ly o f one au r i c l e r e c e i v i n g the venous b lood , and one 
v e n t r i c l e p r o p e l l i n g i t t o the g i l l s , or organs s u b m i t t i n g t h a t b lood 
i n a state o f m i n u t e subd iv i s ion to the ac t ion o f aerated water . 
F r o m t h e g i l l s t he a r t e r i a l b lood is ca r r i ed over the ent i re body 
b y vessels, t he c i r c u l a t i o n b e i n g aided b y the con t rac t ion o f the 
s u r r o u n d i n g muscles. T h e b l o o d is co ld , or w i t h a t empera tu re 
r a r e l y above t h a t o f t h e s u r r o u n d i n g m e d i u m . T h e co loured 
discs are, i n some fishes, subc i rcu la r , fig. 8, g\ i n others , 
sub e l l i p t i c a l , i b . h, or e l l i p t i c a l ; compara t ive ly la rge , b u t n o t 
t h e l a rges t amongst ver tebrates . T h e p r i m o r d i a l r ena l glands 
(corpora Wolffiana) are pers is tent , a n d secrete the u r i n e f r o m 
venous b lood . S u c h are t h e l e ad ing ana tomica l characters o f t h e 
class Pisces — Fishes . 

§ 4 . Reptilian modification.—Many fishes have a b ladder o f a i r 
b e t w e e n the d iges t ive canal and k i d n e y s , w h i c h , i n some, com
munica tes b y an a i r - d u c t w i t h the g u l l e t ; b u t i t s off ice is ch i e f ly 
h y d r o s t a t i c . W h e n , i n the r ise o f s t r u c t u r e , th i s a i r -b ladder 
begins t o assume t h e vascular and p h a r y n g e a l re la t ions , w i t h the 
f o r m a n d c e l l u l a r s t r u c t u r e o f l u n g s , the l i m b s acqui re the 
character o f f e e t ; a t first, as i n Lepidosiren, fig. 4 1 , 99 , t h r ead 
l i k e a n d m a n y - j o i n t e d — t h e n b i f u r c a t e , or t w o - f i n g e r e d , w i t h the 
o r d i n a r y e l b o w a n d w r i s t - j o i n t s o f l and - l imbs (Amphiuma), fig. 
100, B , D , — n e x t , t h r e e - f i n g e r e d , as i n Proteus,—or f o u r - f i n g e r e d , 
b u t r educed t o t h e p e c t o r a l pa i r , as i n Siren. F r o m these g i l l -
r e t a i n i n g t r a n s i t i o n a l f o r m s , u p t o a n d i n c l u d i n g crocodiles, a l l 
co ld -b looded ver tebra tes , w i t h l u n g s , b r e a t h i n g a i r d i r e c t l y , are 
ca l l ed E e p t i l e s (Reptilia, C u v . ) . T h e hea r t has t w o aur i c l e s ; 
t h e v e n t r i c l e , i n mos t , is i m p e r f e c t l y d i v i d e d , and more o r less o f 
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the venous b lood is m i x e d w i t h the a r t e r i a l b l o o d w h i c h c i rcula tes 
over the body. T h e lungs r e t a i n the f o r m o f bags, w i t h c e l l u l o -
vascular wal l s , v a r y i n g as to th ickness , a n d are s i tua ted , w i t h the 
other organs o f vege ta t ive l i f e , i n a c o m m o n tho rac i c - abdomina l 
cav i ty . 

§ 5. Avian modification.—When the l ungs become spongy, and 
the c a v i t y o f the a i r -bag is ob l i t e r a t ed b y the m u l t i p l i c a t i o n o f 
vascular cellules, and w h e n a fou r - chambered hea r t t r ansmi t s the 
venous b lood to the l ungs , and pu re a r t e r i a l b l o o d to the body , 
the t empera tu re is raised, and is m a i n t a i n e d at f r o m 9 0 ° to 1 0 5 ° 
F a h r . , wha tever m a y be t ha t o f the s u r r o u n d i n g m e d i u m . O f 
these hot -b looded vertebrates , one class has the l ungs fixed, a n d 
c o m m u n i c a t i n g w i t h air-cel ls e x t e n d i n g i n t o t h e abdomen, a n d 
usua l ly other parts o f the b o d y ; th i s class is ov iparous , is c l o thed 
w i t h feathers, and has the pec tora l l i m b s m o d i f i e d as w i n g s ; i t is 
cal led Aves — B i r d s . 

§ 6. Mammalian modification. — I n the other class o f w a r m 
blooded animals, the spongy lungs are f r e e l y suspended a n d 
conf ined to a thoracic c a v i t y , de f ined b y a m i d r i f f f r o m t h e 
abdomen ; the class is ha i r -c lad , v i v i p a r o u s , and suckles t h e 
y o u n g , whence i t is cal led Mammalia — M a m m a l s . 

§ 7. Genetic and thermal distinctions.— T h e b road and w e l l -
m a r k e d characters a f forded b y the resp i ra to ry system w i l l p r o b a b l y 
g ive permanence to the d iv i s ion , so convenien t f o r mos t purposes, 
o f the ver tebra te p rov ince i n t o the f o u r g rea t classes above 
def ined, v i z . Pisces, Reptilia, Aves, Mammalia. 

B u t m a n y i m p o r t a n t relat ions and af f in i t ies are t h e r e b y masked. 
A l t h o u g h the last t w o classes agree, as ' ho t -b looded ver tebra tes , ' 
i n t he i r h igher cerebral developement, and i n the more c o m p l e x 
hear t and lungs , b i rds , b y genetic and deve lopmenta l characters , 
as w e l l as b y the general p l a n o f t he i r o rgan isa t ion , are m o r e 
i n t i m a t e l y and n a t u r a l l y a l l i ed to the oviparous saurians t h a n t o 
the v iv iparous mammals . I n t h e i r genera t ion and deve lopmen t , 
modern batrachians d i f f e r f r o m other cold-blooded air-breathers^ 
and agree w i t h fishes. Presen t knowledge o f e x t i n c t f o r m s m o r e 
c lear ly exposes the a r t i f i c i a l na ture o f the p r i m a r y g roups o f t h e 
oviparous vertebrates. A n i m p o r t a n t l i n k , t he Pterosauria, o r 
flying rept i les , w i t h w i n g s and air-sacs, fig. 108, more c lose ly 
connect ing b i rds w i t h the ac tual r emnan t o f the r e p t i l i a n class, has 
passed away. O t h e r e x t i n c t orders (Ganocephala a n d Labyrinths 
dontia) have demonstrated the a r t i f i c i a l na tu re o f the d i s t i n c t i o n 
be tween fishes and rept i les , and the close t r ans i t ions t h a t connec t 
together a l l the cold-blooded vertebrates . 
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T h u s ver tebrates m i g h t be b i n a r i l y d i v i d e d i n t o oviparous , I . 
I I . i n . , and v iv ipa rous , i v . ; i n t o anal lantoic or branchiate and 
a l l an to ic or abranchiate ; i n t o Hcematothermal,1 h a v i n g the f o u r -
chambered hear t , spongy lungs , h o t b lood , and Hamatocryal,2 

h a v i n g less pe r fec t b r e a t h i n g organs, less complex heart , w i t h co ld 
b l o o d ; and each o f such divis ions are a r t i f i c i a l and convenient . 
I t sui ts m y present purpose to adopt the la t te r . 

§ 8. Subclasses of Hcematocrya. — W i t h the best i n s igh t — 
p e e r i n g i n t o the d a r k vistas o f the remote past — tha t one can 
c o m m a n d i n t o the na tu re o f the strange fo rms w h i c h t hen 
per ished, and c o m b i n i n g w i t h palaeontological research the results 
o f ana tomica l and deve lopmenta l s c r u t i n y o f ex i s t i ng vertebrates , 
t he f o l l o w i n g seem to be the best def ined cold-blooded groups, 
each w i t h such characters i n common as leads to t he i r be ing cal led 
' n a t u r a l , ' and o f a va lue w h i c h m a y be expressed b y the t e r m 
' sub-class. ' 

I. DERMOPTERI. III. PLAGIOSTOMI. 

I I . T E L E O S T O M I . I V D I P N O A . 

V M O N O P N O A . 

Subclass I. DERMOPTERI. — Body vermiform, limbless; endo-
ske le ton membrano-ca r t i l ag inous and no tochorda l , 3 r ib less ; s k i n 
scaleless, l u b r i c o u s ; a v e r t i c a l fin-fold b o r d e r i n g the h i n d p a r t o f 
t h e b o d y , w i t h o u t fin-rays ; m y e l o n opal ine, duc t i l e , e l as t i c ; no 
sympa the t i c n e r v e ; o rgan o f smel l s i n g l e ; eyes w a n t i n g , or v e r y 
s m a l l ; op t i c nerves n o t crossing each o t h e r ; a u d i t o r y l a b y r i n t h 
o f one or t w o semic i r cu la r canals ; m o u t h jawless , or s u c t o r i a l ; 
a l i m e n t a r y canal s t r a igh t , s imple , w i t h o u t csecal appendages, 
pancreas, or spleen. B r a n c h i a l f u n c t i o n independent o f the m o u t h ; 
hear t , w i t h o u t ' b u l b u s a r t e r i o s u s ; ' a pu l sa t i l e p o r t a l s inus ; no 
s w i m - b l a d d e r ; testes a n d ovar ia e longated plates w i t h o u t d u c t s ; 
gene ra t ive o u t l e t p e r i t o n e a l ; ova numerous , smal l , s imul taneous ly 
developed, and i m p r e g n a t e d e x t e r n a l l y ; cleavage o f y o l k e n t i r e ; 
no amnios o r a l lan to is ; a metamorphosis , as, e. g . f r o m Ammo-
ccetes t o Petromyzon, a f t e r the t h i r d year f r o m the egg. 

Subclass II. TELEOSTOMI.4—Body pisciform, with medial and 

1 Gr. haima, blood ; thermos, hot. 
2 Gr. haima, blood; cruos, cold. 
3 Retaining the notochord or primitive basis of the vertebral column. 
4 This word (from Gr. telos, end or completion ; stoma, mouth ;) refers to the com

pletion of the mouth by opposing upper and lower jaws, and also to its terminal 
position, opening at the fore end of the head. 
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pa r i a l fins, suppor ted b y r a y s ; endoskeleton i n most , more o r 
less oss i f ied; h y o i d a rch at tached to t y m p a n i c p e d i c l e ; scapular 
a rch at tached to the o c c i p u t ; no s t e r n u m : s k i n defended b y scales 
or p la tes ; b r a i n w i t h p r edominan t mesencephalon; m y e l o n opake, 
ine las t ic ; a sympathe t ic n e r v e ; o rgan o f smel l d o u b l e ; eyes u s u a l l y 
la rge , w i t h b o n y sc le ro t i c ; a u d i t o r y l a b y r i n t h w i t h t h ree semi
c i rcu la r canals, i n the c ran ia l c a v i t y ; m o u t h f o r m e d b y uppe r and 
l o w e r j a w s , open ing at t he fo re p a r t o f the head, and a d m i t t i n g the 
resp i ra to ry c u r r e n t s ; in tes t ine , i n most , w i t h p y l o r i c appendages 
and spleen; anus i n f r o n t o f u r e t h r a ; a i r -b ladder i n m o s t ; g i l l s , 
f r e e ; b ranch ia l o u t l e t s ingle on each side, defended b y a b r a n -
chiostegal flap, w i t h one or more rays ; testes ( £ m i l t ' ) a n d ovaries 
( ' r o e ' ) large, w i t h cont inuous ducts i n m o s t ; ova v e r y numerous 
and smal l , s imul taneously developed, and impregna t ed , u s u a l l y , 
e x t e r n a l l y ; no amnios or ex te rna l a l lantois . 

Subclass III. PLAGIOSTOMI. — Endoskeleton cartilaginous, or 
p a r t i a l l y oss i f ied ; scapular a rch detached f r o m o c c i p u t ; exo-
skele ton as osseous granules or t ube rc l e s ; b o d y w i t h m e d i a l a n d 
pa r i a l fins, the h inde r pa i r pe lv i c i n p o s i t i o n ; c auda l - f i n w i t h 
p roduced upper l o b e ; b r a i n w i t h the prosencephalon p r e d o m i n a n t ; 
aud i t o ry l a b y r i n t h i n a special chamber ; m o u t h , i n mos t , a w i d e 
transverse s l i t , open ing b e l o w the h e a d ; in tes t ine w i t h a s p i r a l 
va lve , pancreas, and sp leen ; no a i r - b l a d d e r ; b u l b u s ar ter iosus 
w i t h numerous rows o f va lve s ; g i l l s , i n mos t , fixed, a n d w i t h 
several b ranch ia l out le ts on each s ide ; testes o f modera te size, 
w i t h sperm-duct and copu la to ry appara tus ; ovaries w i t h f e w a n d 
la rge ova, successively developed and conveyed a w a y b y a 
detached o v i d u c t ; ova impregna ted and , i n some, developed i n 
t e r n a l l y ; embryo w i t h o u t amnios or a l lantois , and w i t h deciduous 
ex te rna l g i l l s . 

Subclass IV. DIPNOA. — Endoskeleton more or less ossified; 
r i b s w a n t i n g , or short and f r e e ; pa r i a l members as l e g s ; b r a i n w i t h 
p redominan t prosencephalon; opt ic nerves n o t decussat ing ; a u d i 
t o r y l a b y r i n t h i n a special chamber, b u t w i t h o n l y the f f enes t ra 
v e s t i b u l i ; ' nost r i ls c o m m u n i c a t i n g w i t h the m o u t h ; i n t e s t ine 
w i t h pancreas and sp l een ; a i r -bladder as a pa i r o f luno-s, c o m 
m u n i c a t i n g b y a d u c t and g lo t t i s w i t h the haemal side o f t h e 
p h a r y n x ; heart , i n most , w i t h one v e n t r i c l e and t w o aur ic les . 
Testes o f moderate size, w i t h sperm-ducts , b u t no i n t r o m i t t e n t 
organs or claspers; ovaries w i t h detached o v i d u c t s ; ova s i m u l t a 
neously developed, and, i n most , i m p r e g n a t e d e x t e r n a l l y . E m b r y o 
w i t h o u t amnios or a l lantois , and w i t h e x t e r n a l g i l l s . 
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Subclass V M O N O P N O A . — Endoske le ton oss i f ied ; exoskeleton 
i n most as h o r n y scales, i n some as b o n y scutes; one occ ip i t a l 
c o n d y l e ; vomer u s u a l l y s i n g l e ; t r u n k - r i b s l o n g and cu rved . B r a i n 
w i t h p r e d o m i n a n t prosencephalon. L a b y r i n t h w i t h b o t h fenes t ra 
v e s t i b u l i and fenes t ra r o t u n d a ; a t y m p a n u m i n m o s t ; l u n g s ; 
hea r t w i t h t w o auricles , and w i t h the ven t r i c l e more or less 
comple t e ly d i v i d e d . Testes w i t h ducts and i n t r o m i t t e n t organ . 
O v a r i a w i t h detached ov iduc ts . O v a successively developed, 
i m p r e g n a t e d w i t h copu la t ion . A n amnios and a l lantois . N o 
metamorphosis . 

§ 9. Orders of HSEMATOCRYA. 

Subclass I. Order I. CIRROSTOMI. 

Body compressed; mouth a longitudinal fissure with sub-rigid 
c i r r i o n each side. P u l s a t i n g vessels or sinuses i n place o f hear t . 
B l o o d pale ; f r e e p h a r y n g e a l b r a n c h i a l filaments, and a b r a n c h i a l 
d i l a t a t i o n o f the oesophagus. 

G e n . Branchiostoma. Ex. L a n c e l e t . 

Order II. CYCLOSTOMI. 

Body cylindrical; heart distinct; branchial artery without 
b u l b ; branchiae sacc i fo rm, w i t h e x t e r n a l spiracles, s ix or seven o n 
each side, b l o o d r ed . M o u t h subc i rcu la r , suc to r i a l , b u t l o n g i t u 
d i n a l w h e n closed. O l f a c t o r y sac c o m m u n i c a t i n g w i t h , or p roduced 
i n t o , a canal . 

G e n . Myxine. Ex. H a g - f i s h . 
Petromyzon. Ex. L a m p r e y . 

Subclass II. A. Arterial bulb with one pair of valves; optic 
nerves decussa t ing ; vertebrae b iconcave . 

Order III. MALACOPTERI. 

Skin, in most with cycloid scales, in a few with ganoid plates; 
r a r e l y naked . F i n s suppor t ed b y rays , a l l o f w h i c h (save the first 
i n t h e dorsal and pec to ra l , i n some) are ' so f t , ' or m a n y - j o i n t e d ; 
a sw im-b ladde r a n d a i r - d u c t ; pe r i t onea l ou t le t s i n m a n y . 
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Suborder I . A P O D E S . 

Earn. 1. Symbranchidce. Ex. Cuchia. 
2. Murcenidce. Ex. E e l . 
3. GymnotidcB. Ex. G y m n o t u s . 

Suborder II. ABDOMINALES. 

Fam. 1. Heteropygii. Ex. Amblyopsis. 
2. Clupeidce. Ex. H e r r i n g . 
3. SalmonidcB. Ex. Sa lmon. 
4 . Scopelidce. Ex. Saurus. 
5. Characinidce. Ex. M y l e t e s . 
6. Galaxido?. Ex. Galaxias . 
7- Esocidce. Ex. P i k e . 
8. Mormyridce. Ex. M o r m y r u s . 
9. Cyprinodontidce. Ex. U m b e r . 

10. Cyprinidce. Ex. Ca rp . 
1 1 . Siluridce. Ex. Sheat-fish. 
12. Alepisauridce. Ex. M a r i n e Sheat-f ish. 

Suborder III. PHARYNGOGNATHI. 

Fam. 1. Scomber-esocidce. Ex. Saury-Pike. 

Order IV ANACANTHINI. 

Endoskeleton ossified; exoskeleton in some as cycloid, in others 
as c tenoid scales; fins suppor ted b y flexible m a n y - j o i n t e d r a y s ; 
ventra ls beneath or i n advance o f the pectorals , or w a n t i n g ; s w i m -
bladder, w h e n present, w i t h o u t a duc t . 

Fam. 1. OphididcB. Ex. Ophidium. 
2. Gadidoe. Ex. Cod . 
3. Pleuronectidce. Ex. P l a i ce . 

Order V- ACANTHOPTERI. 

Endoskeleton ossified; exoskeleton, in most, as ctenoid scales ; 
fins w i t h one or more o f the first rays u n j o i n t e d or i n f l e x i b l e 
spines; vent ra ls , i n most , beneath or i n advance o f t h e pectorals ; 
d u c t o f swim-bladder ob l i te ra ted . 
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Suborder I . P H A R Y N G O G N A T H I . 

F a m . 1. ChromidcB. Ex. Chromis . 
2. Cyclo-labridce. Ex. Wrasse . 
3. Cteno-labridce. Ex. Pomacent rus . 

Suborder II. ACANTHOPTERI VERI. 

F a m . 1. Percidce. Ex. Pe r ch . 
2. Squammipennes. Ex. Chsetodon. 
3. SparidcB. Ex. Sea-bream, G i l t h e a d . 
4 . Scioenido?. Ex. M a i g r e . 
5. Labyrinthobranchii. Ex. Anabas or Tree -c l imber . 
6. Mugilidcs. Ex. M u l l e t . 
7- AtherinidcB. Ex. Sand-smelt . 
8. Sphyranidce ( c y c l o i d ) . Ex. Bar racuda . 
9. ScomberidoB ( c y c l o i d ) . Ex. M a c k e r e l . 

10. Scleroyenidce. Ex. G u r n a r d , M i l l e r ' s t h u m b . 
1 1 . Tcenioidei. Ex. R i b a n d - f i s h . 
12. Teuthyidoe. Ex. L a n c e t - f i s h . 
13. Fistularido?. Ex. P i p e - m o u t h . 
14. Gobiidce. Ex. G o b y . 
15. Blenniidce ( c y c l o i d ) . Ex. W o l f - f i s h . 
16. LophiidcB ( s k i n mur i ca t e or naked) . Ex. A n g l e r . 1 

Order VI. PLECTOGNATHI. 

Endoskeleton partly ossified; exoskeleton as ganoid scales, 
plates, o r sp ines ; ven t ra l s w a n t i n g i n m o s t ; m a x i l l a r y and p re -
m a x i l l a r y i m m o v e a b l y connected o n each side o f the j a w ; s w i m -
b ladder w i t h o u t a i r -duc t . 

Suborder SCLERODERMI. 

F a m . 1. Balistini. Ex. F i l e - f i s h . 

Suborder APLEURI (ribless). 

F a m . 1. Ostraciontid<2. Ex. T r u n k - f i s h . 
2. Gymnodontidce. Ex. G lobe - f i sh . 

1 This selection of the chief family-diversities of the vast acanthopterous order is 
designed, like the families cited under other orders, merely to exemplify it by familiar 
fishes with vernacular names. For the characters and affinities of all the present 
known acanthopterous families, see Dr. Gunther's excellent work, CLXXIV., 
vol. i i i . 
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O r d e r V I I . L O P H O B R A N C H I L 

Endoske le ton p a r t i a l l y ossified, w i t h o u t r i b s ; exoskele ton g a n o i d ; 
g i l l s t u f t e d ; opercular aper ture s m a l l ; swim-b ladder w i t h o u t a i r -
duct . Males marsupia l . 

F a m . 1. HippocampidcB. Ex. Sea-horse. 
2. Syngnathidce. Ex. P i p e - f i s h . 

B. Arterial bulb muscular, with more than one row of valves. 
O p t i c nerves no t decussating. 

O r d e r V I I I . G A N O I D E I . 

Endoskeleton cartilaginous, partly bony, or ossified; in a few 
recent and i n most palaeozoic e x t i n c t f o r m s , n o t o c h o r d a l ; exo
skeleton as ganoid scales or p l a t e s ; fins u s u a l l y w i t h the first 
r a y a s t rong sp ine ; caudal fin i n most u n s y m m e t r i c a l ; a s w i m -
bladder , o f t e n ce l lu la r , and w i t h an a i r - d u c t ; in tes t ine i n m a n y 
w i t h a sp i ra l va lve . 

Suborder I. LEPIDOGANOIDEI. 

F a m . 1. Salamandroidei. Ex. Lep idos teus , P o l y p t e r u s . 
2 . Pycnodontidce. Ex. Pycnodus . 
3. Lepidoidei. Ex. Daped ius . 
4 . Leptolepida. Ex. L e p t o l e p i s . 
5. Acanthodei. Ex. Acan thodes . 
6. Dipteridce. Ex. D i p t e r u s . 
7. Ccelacanthi. Ex. Coelacanthus. 
8. Holoptychidae. Ex. H o l o p t y c h i u s . 

Suborder II. PLACOGANOIDEI. 

F a m . 1. SturionidcB. Ex. S tu rgeon . 
2. Ostracostei. Ex. P t e r i c h t h y s . 

Subclass I I I . O r d e r I X . H O L O C E P H A L I . 

Endoskeleton cartilaginous, subnotochordal; cranial wall com
p l e t e ; t y m p a n i c pedicle con f luen t t h e r e w i t h ; endoske le ton as 
p lacoid granules. A n t e r i o r dorsal fin w i t h a s t r o n g sp ine -
m o u t h t e r m i n a l , beak-shaped; den ta l plates a n d co lumns f u s e d 
w i t h the j aws . O p t i c nerves n o t decussating. V a l v e s o f b u l b u s 
arteriosus m u l t i s e r i a l . G i l l s l amina r , w i t h a s m a l l p r o p o r t i o n of 
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the bo rde r f r e e ; a s ingle e x t e r n a l g i l l - a p e r t u r e o n each s ide ; 
opercu la r and branchiostegal rays . O v i p a r o u s ; ova f e w and large. 

Fam. 1. ChimcBridce. Ex. Chimaera, Callorhynchus. 
2 . Edaphodontido?. Ex. Edaphodus , I sch iodus , Elasmodus . 

Order X. PLAGIOSTOMI. 

Endoskeleton cartilaginous or partially ossified; vertebrae 
biconcave ; exoskele ton as p laco id granules or tuberc les , sp iny i n 
some. M o u t h t ransverse o n the l o w e r surface o f the head. O p t i c 
nerves commissura l ly u n i t e d , n o t decussating. V a l v e s o f b u l b u s 
ar ter iosus m u l t i s e r i a l . G i l l s a t tached to the s k i n b y the ou te r 
m a r g i n , w i t h i n t e r v e n i n g g i l l - ape r tu res , five or more i n n u m b e r , 
o n each s ide ; no o p e r c u l u m . 

Suborde r I . C E S T R A P H O R I . 1 

( S p i n e i n f r o n t o f each dorsal fin; back t e e t h obtuse . ) 

F a m . 1. Hybodontidce. Ex. H y b o d u s . 
2 . Cestraciontidce. Ex. Cestracion. 

Suborder II. SELACHII. (Sharks, branchial apertures lateral.) 

F a m . 1. Notidanidce. Ex. G r e y Shark . 
2 . Spinacid<s. Ex. P i k e d D o g - f i s h . 
3. Scylliada. Ex. Spo t t ed D o g - f i s h . 
4 . Nictitantes. Ex. T o p e . 
5. LamnidcB. Ex. Porbeagle . 
6. Alopecidce. Ex. F o x Shark . 
7. Scymniidee. Ex. G r e e n l a n d Shark . 
8. Squatince. Ex. M o n k - f i s h . 
9. Zygcenidce. Ex. H a m m e r - h e a d Shark . 

Suborder III. BATIDES. (Rays, branchial apertures inferior.) 

F a m . 1. PristidcB. Ex. Saw-f i sh . 
2 . Rhinobatidce. Ex. Rh inoba tes . 
3. Torpedinidce. Ex. E l e c t r i c r ay . 
4 . RaiidcB. Ex. Skate . 
5. Trygonidce. Ex. S t i n g R a y . 
6. Myliobatidce. Ex. E a g l e R a y . 
7. Cephalopterido?. Ex. Cephalopterus . 

' Kestra, a weapon ; phero, I bear. Many extinct species of this group are known 
only by their fossil weapons, called ' Ichthyodorulites.' 
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( T r a n s i t i o n a l ) O r d e r X I . P R O T O P T E R I . 

Endoske le ton notochordal , p a r t l y ca r t i l ag inous , p a r t l y osseous; 
no occ ip i ta l c o n d y l e ; vomer u n d i v i d e d ; t empora l fossae r o o f e d 
over b y bone ; pleurapophyses short , w i t h f r ee ex t remi t i e s ; exo
skeleton as subcut icu la r c y c l o i d scales; scapular a rch a t tached t o 
o c c i p u t ; p r o x i m a l ends o f hyoidean arid t y m p a n o - m a n d i b u l a r 
arches d is t inc t . V e r t i c a l fin a cont inuous borde r t o the com
pressed t a i l . Pec to ra l and v e n t r a l fins subula te , m a n y j o i n t e d ; the 
f o r m e r f r i n g e d benea th ; the l a t t e r pe lv ic i n p o s i t i o n ; the pe lv i s 
unat tached to the sp ine ; g i l l s filamentous, f r e e , i n a b r anch i a l 
chamber w i t h a single ve r t i c a l o u t l e t ; b r anch i a l arches u n c o n 
nected w i t h the h y o i d ; a i r -bladder double , l u n g - l i k e , w i t h a i r -duc t , 
g lo t t i s , and p u l m o n a r y ve in . Prosencephalon p r e d o m i n a n t i n 
b r a i n ; nasal sacs sublabial w i t h t w o remote ex t ra -bucca l aper
tures ; aud i t o ry l a b y r i n t h i n a d i s t inc t chamber ; b u l b u s ar ter iosus 
l o n g , w i t h t w o l o n g i t u d i n a l va lves ; in tes t ine w i t h a sp i r a l va lve , 
ven t an ter ior to u r e t h r a ; ovar ia d i s t i nc t f r o m ov iduc t s . 

Fam. Sirenoidei. Ex. Lepidosiren. 

Subclass I V . O r d e r X I I . G A N O C E P H A L A . (Extinct.) 

Endoskeleton notochordal and osseous; no occipital condyle; 
vomer d iv ided ; t empora l fossae roo fed over b y b o n e ; h y o i d a rch 
no t connected w i t h t y m p a n i c ped i c l e ; b r a n c h i a l arches (?) u n 
connected w i t h h y o i d ; exoskeleton as subganoid scales ; p l e u r 
apophyses short and f ree . T e e t h w i t h c o n v e r g i n g in f l ec t ed 
folds o f cement at t he i r basal hal f . P e c t o r a l and p e l v i c l i m b s 
short , slender, three or f o u r d ig i t a t e ; na t a to ry . 

Genus Dendrerpeton. 

Archegosaurus. 

O r d e r X I I I . L A B Y P I N T H O D O N T I A . (Extinct.) 

Head defended, as in Ganocephala, by a continuous casque of 
ex t e rna l ly scu lp tu red and u n u s u a l l y h a r d and pol i shed osseous 
plates, i n c l u d i n g the supp lementa ry " p o s t - o r b i t a l " a n d " s u p e r -
t empora l " bones, b u t l e a v i n g a " f o r a m e n par ie ta le ." T w o occ i 
p i t a l condyles. V o m e r d i v i d e d and dent igerous . V e r t e b r a l 
bodies, as w e l l as arches, ossified, biconcave. P leurapophyses o f 
the t r u n k , l o n g and bent . E x o s k e l e t o n , i n some, as smal l o-anoid 
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scales. T e e t h rendered complex b y u n d u l a t i o n and side branches 
o f the c o n v e r g i n g fo lds o f cement, whence the name o f the order . 

Genus Rhombopholis. 
Labyrinihodon. 

Order XIV BATRACHIA. 

Endoskeleton ossified ; two occipital condyles ; vomer divided, 
i n most d e n t i g e r o u s ; t empora l fossa? u n r o o f e d ; scapular a rch 
detached f r o m o c c i p u t ; r ibs as processes, or shor t , s t r a igh t and f r e e ; 
s k i n nude, o f t e n lubr i cous . L i m b s d ig i t a t e , t r i segmenta l . I n t e s t i n e 
w i t h o u t sp i ra l va lve , v e n t poster ior t o u re th ra . E m b r y o n a l g i l l s , 
i n some re ta ined, i n most l o s t ; w i t h a metamorphosis associating 
a tail-less b o d y w i t h p u l m o n a r y r e sp i ra t ion and a hear t o f t w o 
auricles and one v e n t r i c l e . 

Suborder I. OPHIOMORPHA. 

F a m . Cceciliadce. Ex. Cascilia. 

Suborder II. ICHTHYOMORPHA. 

F a m . Proteido?. Ex. S i r en , P ro teus . 
Salamandridae. Ex. N e w t , Salamander. 

Suborder III. THERIOMORPHA. Anura. 

F a m . 1. Aglossa. Ex. P i p a or S u r i n a m Toad . 
2. Ranidce. Ex. F r o g . 
3. HylidcB. Ex. T r e e - f r o g . 
4 . Bufonidce. Ex. Toad . 

Subclass V. Order XV- ICHTHYOPTERYGIA.1 (Extinct.) 

Body fish-like, without neck ; limbs natatory, with more than 
five m u l t i a r t i c u l a t e d i g i t s ; vertebras m a n y , shor t , b i concave ; no 
s a c r u m ; an t e r io r t r u n k - r i b s w i t h b i f u r c a t e heads; an ep i s t e rnum 
and clavicles ; p o s t - o r b i t a l and supra - t empora l bones ; a f o r a m e n 
par ie ta le ; m a x i l l a r i e s s m a l l ; p remax i l l a r i e s l o n g and la rge . 
T e e t h conf ined t o m a x i l l a r y , p r e m a x i l l a r y , and p r e m a n d i b u l a r 
bones, i m p l a n t e d i n a c o m m o n a lveolar g roove , pene t ra ted b y 
c o n v e r g i n g fo lds o f cement a t the base; nos t r i l s t w o , smal l , near 

1 Gr. ichthys, a fish ; pteryz, a fin. 
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the o r b i t s ; o rb i t s l a r g e ; a c i rc le o f sclerot ic plates. S k i n n a k e d , 
f o r m i n g a v e r t i c a l t a i l - f i n ( i n f e r e n t i a l ) . 

Genus Ichthyosaurus. 

O r d e r X V I . S A U R O P T E R Y G I A . (Extinct.) 

Body, in most, with a long neck; limbs natatory, with not 
more t h a n five d i g i t s ; an ep i s t e rnum and c l a v i c l e s ; vertebrae 
w i t h flattened, or s l i g h t l y cupped , a r t i c u l a r surfaces ; a sacrum 
o f one or t w o vertebrae f o r the a t t achment o f the p e l v i c a rch , 
i n some; r ibs w i t h s imple heads ; no pos t -o rb i t a l a n d supra-
t empora l bones ; large t e m p o r a l and o ther vacui t ies be tween 
cer ta in crania l bones ; a f o r amen pa r i e t a l e ; t w o a n t o r b i t a l nos t r i l s ; 
t e e th s imple, i n d i s t inc t sockets o f p r e m a x i l l a r y , m a x i l l a r y , 
and p remandibu la r bones, r a r e l y o n the pa la t ine or p t e r y g o i d 
bones ; maxi l l a r ies la rger t h a n p remaxi l l a r i e s . 

Genera Plesiosaurus, Pliosaurus, Nothosaurus, Placodus. 

Order XVII. ANOMODONTIA. (Extinct.) 

Teeth wanting, or limited to a single maxillary pair, having the 
f o r m and propor t ions o f t u s k s ; a e f o r a m e n p a r i e t a l e ; ' t w o ex
t e rna l n o s t r i l s ; t y m p a n i c pedicle fixed; vertebrae b i concave ; an
t e r i o r t r u n k - r i b s w i t h a b i f u r c a t e head, i sch iopub ic symphys i s 
cont inuous . 

F a m . Dicynodontia. 

A l o n g e v e r - g r o w i n g t u s k i n each m a x i l l a r y bone ; p r e - m a x i l -
laries connate, f o r m i n g w i t h the l o w e r j a w a beak-shaped m o u t h , 
p robab ly sheathed w i t h h o r n . Sac rum o f more t h a n t w o v e r t e 
brae. L i m b s a m b u l a t o r y . Ex. D i c y n o d o n . 

Fam. Cryptodontia. 

U p p e r as w e l l as l o w e r j a w eden tu lous ; p r emax i l l a r i e s d i s t i n c t 
and produced. Ex. Rhynchosaurus . 

P remaxi l l a r i e s conf luen t , short . Ex. Oudenodon . 

O r d e r X V I I I . C H E L O N I A . 

T r u n k - r i b s broad , flat, s u t u r a l l y u n i t e d , f o r m i n g w i t h t h e i r 
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vertebrae, t h e v s t e r n u m , and de rma l bones, an expanded 
thorac ic -abdomina l case, i n t o w h i c h the l i m b s , t a i l , and, u s u a l l y , 
t he head, can be w i t h d r a w n ; sacrum o f more t h a n t w o vertebrae; 
no t ee th ; e x t e r n a l n o s t r i l s ingle , a c a v u m t y m p a n i ; b o d y covered 
b y h o r n y scales i n m o s t ; ven t r i c l e o f hear t s ingle. 

L i m b s na t a to ry . Genus Chelone. ( T u r t l e s . ) 

T • i , . f Trionyx. ( M u d t u r t l e s . ) 
L i m b s amphib ious . | ^ ( T

V

e r r a p e n e s . ) 

L i m b s t e r r e s t r i a l . Testudo. (Tor to i ses . ) 

Order XIX. LACERTILIA. 

Vertebrae procoelian, w i t h a s ingle transverse process on each 
side, and w i t h single-headed r i b s ; sacral vertebrae w a n t i n g , or 
n o t exceeding t w o ; t w o ex t e rna l n o s t r i l s ; eyes w i t h moveable 
l i d s ; b o d y covered b y h o r n y , sometimes b o n y , scales. 

L i m b s .na ta tory , no sacrum. Ex. Mosasaurus . ( E x t i n c t . ) 
L i m b s a m b u l a t o r y , a sacrum. Ex. L a c e r t a , L. 
L i m b s abo r t i ve , no sacrum. Ex. A n g u i s . 

O r d e r X X . O P H I D I A . 

Vertebrae v e r y numerous , procoelian, w i t h single-headed h o l l o w 
r i b s ; no s a c r u m ; no v i s ib le l i m b s ; t w o ex te rna l n o s t r i l s ; no 
c a v u m t y m p a n i ; eyeba l l covered b y an immoveab le t ransparen t 
l i d . B o d y covered b y h o r n y scales. T e e t h anchylosed to j a w . 

O r d e r X X I . C R O C O D I L I A . 

T e e t h i n a s ingle r o w , i m p l a n t e d i n d i s t i nc t socke t s ; 
e x t e r n a l n o s t r i l s ingle and t e r m i n a l or sub - t e rmina l . A n t e r i o r 
t r u n k vertebrae w i t h par- and di-apophyses, and b i f u r c a t e r i b s ; 
sacral vertebrae t w o , each s u p p o r t i n g i t s o w n n e u r a l a r c h ; t h i s 
a rch u s u a l l y a r t i c u l a t e d b y su ture . T a i l l o n g , v e r t i c a l l y c o m 
pressed; f ee t shor t , webbed . S k i n p ro tec t ed b y b o n y , u s u a l l y 
p i t t e d , plates. V e n t r i c l e o f hea r t double . 

Suborder AMPHICCELIA (vertebrae cupped at both ends). 
Ex. Te leosaurus . 

Suborder O P I S T H O C G E L I A (vertebrae convex i n f r o n t , concave 
beh ind ) . Ex. S t r ep tospondy lus . 

Suborder P R O C C E L I A (vertebrae concave i n f r o n t , convex 
b e h i n d ) . Ex. C rocod i lus . 

V O L . i . c 
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Orde r X X I I . D I N O S A U R I A . ( E x t i n c t . ) 

Cervical and anterior dorsal vertebrae with par- and di-apo-
physes, a r t i c u l a t i n g w i t h b i f u r c a t e r ibs ; a f e w an te r io r vertebrae 
more or less convex i n f r o n t and cupped b e h i n d ; the rest 
w i t h flat or s l i g h t l y concave a r t i cu l a r ends ; dorsal vertebrae w i t h 
a neu ra l p l a t f o r m ; sacral vertebrae exceeding t w o i n n u m b e r ; 
body suppor ted on f o u r s t rong , a m b u l a t o r y , u n g u i c u l a t e l i m b s . 
S k i n i n some armed b y b o n y scutes. T e e t h con f ined to uppe r 
and lower j a w s ; i m p l a n t e d i n sockets. V e n t r i c l e o f hea r t double 
( i n f e r e n t i a l ) . 

Genera, Iguanodon, Scelidosaurus, Megalosaurus. 

Order XXIII. PTEROSAURIA. (Extinct.) 

Pectoral members, by the elongation of the anti-'brachium 
and fifth d i g i t , adapted f o r flight. Vertebrae procoel ian; those 
o f the neck v e r y large , those o f the pe lv is smal l . A n t e r i o r 
t r u n k - r i b s w i t h b i f u r c a t e heads. M o s t o f the bones pneumat i c . 
H e a d l a r g e ; j a w s l o n g , and a rmed w i t h t ee th . V e n t r i c l e o f 
hear t double ( i n f e r e n t i a l ) . 

Genera, Dimorphodon, Ramphorhynchus, Pterodactylus. 
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C H A P T E R I I . 

OSSEOUS SYSTEM OF HSEMATOCRYA. 

§ 10. Composition of bone.—The vertebrate organisation will 
be first described as mani fes ted i n the grea t cold-blooded series, 
u n d e r the diverse modi f i ca t ions , and progressive stages, i nd ica t ed 
b y the characters o f the f o r e g o i n g subdivis ions o f the class. 
B u t before e n t e r i n g u p o n the details o f the osseous sys tem, some 
observations m u s t be premised o n the ver tebra te skele ton i n general . 

T h e o r i g i n a l substance o f a l l animals consists o f a fluid w i t h 
granules and cells. I n the course o f developement t u b u l a r t rac ts 
are f o r m e d , some o f w h i c h become filled w i t h c n e u r i n e ' or nervous 
m a t t e r ; others w i t h ' m y o n i n e ' or muscu la r m a t t e r ; o ther por t ions 
are conver t ed i n t o vessels, g lands, & c . ; b u t a g rea t p r o p o r t i o n 
o f substance, a k i n t o p r i m o r d i a l , remains as e ce l lu la r t issue. ' 
T h i s , as a r u l e , becomes hardened i n ce r t a in par ts o f the b o d y o f 
ver tebrates b y ea r thy salts, c h i e f l y phosphate o f l i m e . T h u s 
t h e tissues ca l led e os te ine ' or bone, and ' d e n t i n e ' or t o o t h , 
are c o n s t i t u t e d ; be tween w h i c h the c h i e f d i s t i n c t i o n lies i n t h e 
mode o f a r rangement o f the ea r thy par t ic les , i n r e l a t i o n t o the 
maintenance o f a more or less f r ee c i r c u l a t i o n o f the n u t r i e n t 
ju ices t h r o u g h such hardened or ca lc i f i ed bodies. 

Fishes have the smallest p r o p o r t i o n , b i rds t h e la rges t p ropo r 
t i o n , o f the ea r t hy m a t t e r i n t h e i r bones. T h e a n i m a l or so f t 
p a r t i n a l l is c h i e f l y a ge la t inous substance. 

PROPORTIONS OF EARTHY OR HARD,1 AND OF ANIMAL OR SOFT, MATTER IN 
THE BONES OF THE VERTEBRATE ANIMALS. 

FISHES. 
Salmon Carp Cod 

Soft 60-62 40-40 34-30 
Hard. 39-38 59 60 65'70 

100-00 100-00 100-00 

1 This has been termed inorganic ; but that the combination of phosphorus and 
calcium has ever taken place in nature save under the influences of a living organism, 
remains to be proved. 

c 2 
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REPTILES. 
Frog 

Soft 35-50 
Hard. 64-50 

100-00 

MAMMALS. 
Porpoise Ox 

Soft 35-90 31-00 
Hard. 64-10 69-00 

100-00 100-00 

BIRDS. 
Goose 

Soft 32-91 
Hard. 67*09 

100 00 

From the above table it will be seen that the bones of the 
f resh-wate r fishes have more a n i m a l m a t t e r , and are, consequent ly , 
l i g h t e r t h a n those o f fishes f r o m the denser e lement o f sea-
wa te r ; and t ha t the mar ine m a m m a l ca l led Porpo i se d i f fe r s l i t t l e 
f r o m the sea-fish i n th i s respect. T h e ba t r ach ian F r o g has more 
an ima l ma t t e r i n i t s bones t h a n the oph id i an o r saur ian rept i les , 
and the reby , as i n o ther respects, more resembles the fish. Ser
pents a lmost equal b i rds i n the grea t p r o p o r t i o n o f the osseous 
salts, and hence the dens i ty and i v o r y - l i k e whi teness o f the i r 
bones. 

T h e chemical na tu re o f the h a r d e n i n g par t ic les , and o f the soft 
basis o f bone, is exempl i f i ed i n the sub jo ined T a b l e , i n c l u d i n g a 
species o f each o f the f o u r classes o f V e r t e b r a t a : — 

CHEMICAL COMPOSITION OF BONES. 

Hawk Man Tortoise Cod 

Phosphate of lime, with trace of fiuate 
of lime 64-39 59-63 52 66 57-29 

Carbonate of lime 7-03 7-33 12-53 4-90 
Phosphate of magnesia 0-94 1-32 082 2-40 
Sulphate, carbonate, and chlorate of 

soda 0-92 0-69 0-90 1-10 
Glutin and chondrin 25-73 29-70 31-75 32-31 
Oil 0-99 1-33 1-34 2-00 

100-00 100-00 100-00 100-00 

Snake Lizard 
31-04 46'67 
6896 5333 

10000 100-00 

Lion Man 
27-70 31-03 
72-30 68-97 

100-00 100-00 

Turkey Hawk 
30-49 26-72 
69-51 73-28 

100-00 100-00 
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§ 1 1 . Developement of bone.—The p r i m i t i v e basis, or ' b l a s 
tema, ' o f bone is a subtransparent g l a i r y ma t t e r con t a in ing 
numerous m i n u t e corpuscles. I t p rogress ive ly 
acquires increased firmness; sometimes assuming 
a membranous or l igamentous state, u s u a l l y 
a g r i s t l y consistence, before i t s convers ion i n t o 
bone. T h e change i n t o car t i lage is no ted b y 
the appearance o f m i n u t e nuclea ted ce l l s ; w h i c h 
increase i n n u m b e r and size, and are aggregated 
i n r o w s , w i t h i n t e r c e l l u l a r t rac ts , where the ossi
fication is about to beg in , as i n fig. 9. These 
r o w s , i n the car t i lag inous basis o f l o n g bones, 
are v e r t i c a l t o i t s ends : i n t h a t o f flat bones ' 

' Section of temporary carti-
t hey are v e r t i c a l t o the m a r g i n . T h e cells lase> w n i c n n a s undergone 

. ~ the last stage towards ossl-
f u r t h e s t f r o m the seat ot oss i f ica t ion are flat- fication. CL. 
tened and i n close con t ac t ; nearest t h a t seat t h e y become enlarged 
and separated. I n fig. 9, a is t he i n t e r c e l l u l a r or £ i n t e r c o l u m n a r ' 
t i s s u e ; b the enlarged c e l l - w a l l ; c I 
t he nucleus . T h e first appearance 
o f bone is t h a t o f m i n u t e granules 
i n the i n t e r c o l u m n a r and i n t e r c e l l u 
la r t issue, fig. 10, a. Canals are 
n e x t f o r m e d i n the bone, b y absorp
t i o n , w h i c h u l t i m a t e l y receive b l o o d 
vessels, and become the ' v a s c u l a r 
canals. ' T h e immedia te n u t r i t i o n o f 
bone is p r o v i d e d f o r b y the p roduc 
t i o n o f m i n u t e £ p lasmat ic Canals ' Transverse section of temporary cartilage in 
„ . . the first stage of ossification, CL. 
f r o m the vascular ones. 

I n most fishes the plasmat ic canals are f r e e f r o m p a r t i a l d i l a t a 
t ions , and appear as i n the m a g n i f i e d sect ion o f bone, fig 1 1 ; w h e r e 
a shows the area o f the £ vascular canal , ' and b the or i f ices o f the 
' p lasmat ic canals, ' exposed i n a l o n g i t u d i n a l section o f a vascular 
canal. I n some fishes, e. g . t he G a r p i k e (Belone), p a r t i a l d i la ta t ions 
do occur i n the p lasmat ic canals, o f the f o r m s h o w n i n fig. 12 , d; and 
i n a Sea-bream (Sargus) o f t h a t m a r k e d c; i n the F r o g t h e y are 
w i d e r and more de f ined , as i n the t w o d i la ta t ions s h o w n at a. I n 
serpents, e. g . t he Python, t h e y are c o m m o n l y , w h e r e best de f ined , 
o f the elongate o v a l f o r m s h o w n i n l , 2, a n d 3, fig. 13 ; b u t i n 
t ransverse sect ion t h e y appear as i n 5 and 6. I n the b i r d , e. g . 
t he G o l d f i n c h , t h e y have the f o r m s h o w n i n b, fig. 12. I n h u m a n 
bone t h e y assume the f o r m s represented i n fig. 14. W h e n so 
de f ined t h e y are t e r m e d £ lacunae ' o r £ bone-cells ; ' and , i n some 



22 ANATOMY OF VERTEBRATES. 

degree, characterise, b y t h e i r shape and size, the osseous t issue o f 
the respective ver tebra te classes. I n the concent r ic laminae sur-

11 

Plasmatic canals in a fish-bone, a transverse, J longitudinal, section 
of vascular canal (.TOMBS, CL.) 

r o u n d i n g the vascular canal , fig. 15, a, a, t he bone-cells are 
a r ranged concen t r i ca l ly , be tween the laminae, w i t h t h e l o n g axis 

12 13 

" iu JTJUUUU auu ooa uonstrictor. CL. 

i n the d i r e c t i o n o f the c i r c u l a r l i n e o f the p la te . M o s t o f the 
p lasmat ic tubes con t inued f r o m the bone-cells p ierce the plates a t 
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r i g h t angles i n t h e i r course to the vascular canal , w i t h w h i c h t h e y 
c o m m u n i c a t e ; and t h e y f o r m the 14 
essential veh ic le o f the m a t e r i a l 
f o r f u t u r e g r o w t h . 

§ 12. Growth of hone. — I n 
fishes the bones con t inue to g r o w 
t h r o u g h o u t l i f e , and t h e i r p e r i 
p h e r y , w h e t h e r i n the flat bones o f 
the head w h i c h over lap each other , 
o r i n the t h i c k e r bones t h a t i n t e r 
l o c k , is car t i lag inous or membranous , and the seat o f progres
sive ossif icat ion. T h e l o n g bones o f mos t rept i les r e t a i n a l aye r 
o f o s s i fy ing car t i lage beneath the t e r m i n a l a r t i c u l a r car t i lage ; 
and g r o w t h cont inues a t t h e i r ex t r emi t i e s w h i l e l i f e endures. 

mm/ 
The forms assumed by the bone-cells in man. CL. 

Transverse section from the dense portion of the human femur, CL, 

Some o f the l o n g bones i n f r o g s , b i rd s , and mos t o f those i n m a m 
mals , have t h e i r ends d i s t i n c t f r o m the b o d y or shaf t o f the g r o w 
i n g b o n e ; these separately ossif ied ends are t e r m e d ' e p i p h y s e s ' : 
t he seat o f the ac t ive g r o w t h o f the sha f t is i n a ca r t i l ag inous 
c rus t a t the ends s u p p o r t i n g the epiphyses. W h e n these coalesce 
w i t h the shaf t , g r o w t h i n the d i r e c t i o n o f the bone's axis comes to 
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an end ; b u t there is a s lower g r o w t h g o i n g on over the en t i r e p e r i 
p h e r y o f the bone, w h i c h is covered b y a membrane , ca l l ed the 
' per ios teum. ' I n th is membrane , the vascular sys tem o f a bone, 
except the vessel s u p p l y i n g the m a r r o w - c a v i t y , undergoes the 
amount o f subdiv is ion w h i c h reduces i t s capi l lar ies t o dimensions 
sui ted f o r pene t r a t i ng the pores l ead ing to the vascular canals, 
figs. 11 and 15, a, a. 

T h u s bone is a l i v i n g and vascular pa r t , g r o w i n g b y i n 
t e r n a l molecu la r add i t i on and change, and h a v i n g the power o f 
r e p a i r i n g f r a c t u r e or other i n j u r y . T h e shells and crusts o f 
molluscous and crustaceous animals are u n v a s c u l a r ; t h e y g r o w 
b y the add i t ion o f layers t o t he i r c i r cumfe rence , m a y be cast o f f 
w h e n too smal l f o r the g r o w i n g b o d y , and be r ep roduced o f a 
more conformable size. W h e n f r a c t u r e d , the b r o k e n par ts may 
be cemented together b y n e w l y superadded shell-substance f r o m 
Avi thou t ; b u t are n o t un i t ab l e b y the ac t ion o f the f r a c t u r e d sur
faces f r o m w i t h i n . 

E x t e n s i o n o f par ts , however , is n o t the sole process w h i c h 
takes place i n the g r o w t h o f b o n e ; t o adapt a bone t o i t s destined 
off ice changes are w r o u g h t i n i t b y the r e m o v a l o f par ts pre
v i o u s l y f o r m e d . I n fishes, indeed, w e observe a s imple u n m o d i 
fied increase. T o wha teve r e x t e n t the bone is ossif ied, t h a t par t 
remains, and consequent ly most o f the bones o f fishes are so l id or 
spongy i n t h e i r i n t e r i o r , except whe re the oss i f icat ion has been 
res t r ic ted to the surface o f the p r i m a r y g r i s t l y m o u l d . 1 T h e bones 
o f the heavy and s luggish t u r t l e s and sloths, o f the seals, and o f 
the wha le - t r ibe , are sol id . B u t i n the ac t ive l a n d quadrupeds , the 
shaf t o f the l o n g bones o f the l i m b s is h o l l o w , the first f o r m e d 
osseous substance be ing absorbed, as n e w bone is b e i n g deposited 
f r o m w i t h o u t . T h e s t r eng th and l ightness o f the l imb-bones are 
thus increased a f t e r the w e l l - k n o w n p r i n c i p l e o f the h o l l o w c o l u m n , 
w h i c h Ga l i l eo , b y means o f a s t r aw p i c k e d u p f r o m his p r i son 
floor, exempl i f i ed , as an evidence o f design, i n r e f u t a t i o n o f a 
charge o f A t h e i s m b r o u g h t against h i m b y the I n q u i s i t i o n . T h e 
bones o f b i rds , especial ly those o f p o w e r f u l flight, are r emarkab le 
f o r t he i r l ightness. T h e osseous tissue i t s e l f i s , indeed , more 
compact t h a n i n other a n i m a l s ; b u t i t s q u a n t i t y i n any g i v e n 
bone is m u c h less, the most admirab le economy b e i n g t raceable 
t h r o u g h o u t the skele ton o f b i rds i n the advantageous a r range-

1 In this case, exemplified in bones of the Lophius, Gyrosteus, and the lower 
Batracha, fossilisation, which affects only the ossified crust, leaves the appearance 
through the solution of the unossified cartilage, of a wide medullary cavity' which 
might mislead the Palaeontologist in his inferences. 
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m e n t o f the w e i g h t y ma te r i a l . T h u s , i n the l o n g bones, the c a v i 
t ies analogous to those ca l led ' m e d u l l a r y ' i n beasts, are more 
capacious, and t h e i r wa l l s are m u c h t h i n n e r : a la rge aper ture 
ca l led the ' pneumat i c fo ramen , ' near one end o f the bone, com
munica tes w i t h i t s i n t e r i o r ; and an a i r - ce l l , or p ro longa t ion o f the 
l u n g , is c o n t i n u e d i n t o and l ines the c a v i t y o f the bone, w h i c h is 
thus filled w i t h r a re f i ed a i r instead o f m a r r o w . T h e ex t remi t ies 
o f such air-bones present a l i g h t open n e t - w o r k , slender columns 
shoot ing across i n d i f f e r e n t d i rec t ions f r o m w a l l to w a l l , and these 
l i t t l e co lumns are l i k e w i s e h o l l o w . 

I n the m a m m a l i a n class, the air-cel ls o f bone are conf ined to 
the head, and are filled f r o m the cavit ies o f the nose or ear, n o t 
f r o m the lungs . Such cells are ca l led e f r o n t a l sinuses,' ' an
t r u m , ' e sphenoidal , ' and ' e thmoida l sinuses,' i n man . T h e 
f r o n t a l sinuses e x t e n d b a c k w a r d over the t o p o f the s k u l l i n the 
r u m i n a n t and some other quadrupeds , and penetrate the cores o f 
the horns i n oxen , sheep, and ce r t a in antelopes. T h e most r e 
m a r k a b l e developement o f c ran ia l air-cel ls is presented b y the ele
phan t ; the i n t e l l e c t u a l p h y s i o g n o m y o f th i s huge quad ruped b e i n g 
caused, as i n the o w l , n o t b y the ac tua l capaci ty o f the b r a i n case, 
b u t b y the vast ex t en t o f the pneumat ic ce l lu la r s t ruc tu re be tween 
the outer and i n n e r plates o f the s k u l l - w a l l . 

I n a l l these v a r i e d modi f ica t ions o f the osseous tissue, the c a v i 
t ies t he r e in , w h e t h e r mere cance l l i , or smal l m e d u l l a r y cavi t ies 
as i n the Crocod i l e , or la rge m e d u l l a r y cavit ies as i n the O x , or 
pneuma t i c cavi t ies and sinuses as i n the O w l , are the r e s u l t o f 
secondary changes b y absorp t ion , and no t o f the p r i m i t i v e cons t i 
t u t i o n o f the bones. These are sol id i n t h e i r commencement i n 
a l l classes, and the vacui t ies are established b y the r e m o v a l o f 
osseous m a t t e r p r e v i o u s l y f o r m e d , w h i l s t increase proceeds b y 
f r e sh bone b e i n g added to the ex t e r i o r surface. T h e th innes t -
w a l l e d and wides t a i r -bone o f the b i r d o f flight was first so l id , 
n e x t a m a r r o w - b o n e , and finally became the case o f an a i r - ce l l . 
T h e so l id bones o f the P e n g u i n , and the m e d u l l a r y bones o f t h e 
A p t e r y x , e x e m p l i f y arres ted stages o f t h a t course o f deve lopement 
t h r o u g h w h i c h the pneuma t i c w i n g - b o n e o f the soar ing E a g l e had 
p r e v i o u s l y passed. 

B u t these mechanica l modi f i ca t ions do n o t exhaust a l l t he 
changes t h r o u g h w h i c h the par ts o f a ske le ton , u l t i m a t e l y becom
i n g bone, have passed; t h e y have been p r e v i o u s l y o f a fibrous 
or o f a car t i lag inous t issue, or b o t h . E n t i r e skeletons, and par t s 
o f skeletons, o f ve r t eb ra te animals e x h i b i t arrests o f these e a r l y 
stages o f deve lopemen t ; and th i s q u i t e i r r e spec t ive o f the grade o f 
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the ent i re an ima l i n the zoological scale. T h e capsule o f the eye
b a l l , f o r example , i n man , is a fibrous m e m b r a n e ; i n the T u r t l e , i t 
is g r i s t l e ; i n the T u n n y , bone. T h e skele ta l f r a m e w o r k o f the 
L a n c e l e t (Branchiostoma) does n o t pass b e y o n d the fibrous stage 
o f tissue-change. I n the S t u r g e o n and Skate i t stops a t the g r i s t l y 
stage, and hence these fishes are ca l led ' ca r t i l ag inous . ' I n most 
fishes, and a l l a i r -b rea th ing ver tebrates , i t proceeds t o the bony 
stage, w i t h the subsequent modi f i ca t ions and developements above 
rec i ted . 

§ 13. Classes of bone. — B o n y m a t t e r is v a r i o u s l y disposed i n 
the bodies o f ver tebra te animals. T h e T r u n k - f i s h , fig. 16, dn, dp, 
dh, the Crocodi le , and the A r m a d i l l o are instances o f i t s accumu
l a t i o n upon or near the surface o f the b o d y ; and hence the b a l l -
p r o o f character o f the s k i n o f the larges t o f these m a i l e d examples. 
T h e most constant pos i t ion o f bone is a r o u n d the cen t r a l masses 
o f the nervous , i b . n, and vascular , i b . h, pi, systems, w i t h rays 
thence ex t end ing i n t o the m i d d l e o f the c h i e f muscu l a r masses, 
f o r m i n g the bases o f the l i m b s . P o r t i o n s o f bone are also deve
loped to p ro tec t and otherwise subserve the organs o f the senses, 
and i n some species are f o u n d encasing mucus-duc ts , and b u r i e d 
i n the substance o f ce r t a in viscera — as, e. g . t he hea r t i n the 
B u l l o c k and some other large quadrupeds . S t r o n g membranes, 
cal led ' aponeuro t i c , ' and ce r t a in tendons, become b o n y i n some 
an ima l s ; as, e. g . the ' t e n t o r i u m ' i n the Ca t , t he t e m p o r a l fascia 
i n the T u r t l e , the c leaders ' o f the leg-muscles i n the T u r k e y , the 
nucha l l i g a m e n t i n the M o l e , and ce r t a in tendons o f the abdominal 

muscles o f the K a n g a r o o , w h i c h , so ossified, 
are called the e marsupial-bones. ' T h e p r i 
m a r y class i f icat ion o f the par ts o f the osseous 
sys tem is , t he re fo re , accord ing t o t h e i r p re 
va l en t pos i t ion , as i n the cases above c i ted. 

| T h e super f i c i a l or skin-bones cons t i tu te the 
e d e r m o - s k e l e t o n ' ; 1 t he deep-seated bones, i n 
r e l a t i o n to the nervous axis a n d locomot ion , 
f o r m the < n e u r o - s k e l e t o n ' ; 2 t h e bones con-

" g B U ' £ £ £ Z ^ ™ * e c t e d w i t h t h e ^use -o rgans a n d viscera 
H I • • • f o r m the ' s p l a n c h n o - s k e l e t o n ' ; 3 those de

veloped i n tendons, l igaments , and aponeuroses, t he ' s c l e r o -
ske le ton . ' 4 

1 Gr. derma, skin, and skeleton. 
2 Gr. neuron, nerve, and skeleton. 
3 Gr. splagchnon, viscus, or inward part, and skeleton. 
4 Gr. scleros, hard, and skeleton. 



ANATOMY OF VERTEBRATES. 27 

I n the a r rangement o f the par ts o f the dermo- , splanchno-, and 
sclero-skeletons, no c o m m o n p a t t e r n is recognisable. One can 
b u t d iscern a purpose ga ined b y such b o n y plates, cases, or rods, 
i n special r e l a t i o n to the habi ts and w e l l - b e i n g o f the creatures 
m a n i f e s t i n g t h e m ; b u t the d i v e r s i t y i n the n u m b e r , size, shape, 
and r e l a t i ve pos i t i on o f de rma l , t end ina l , and viscera l bones seems 
i n t e r m i n a b l e . T h e neuro-skele ton, w h i c h is the m a i n p a r t o f the 
osseous sys tem, and m i g h t be t e r m e d the ' skele ton proper , ' ex
empl i f ies n o t o n l y the p r i n c i p l e o f des ign and adapta t ion , b u t 
t h a t o f u n i t y o f composi t ion . I t s par ts are a r ranged i n a series 
o f segments f o l l o w i n g and a r t i c u l a t i n g w i t h each o ther i n the 
d i r e c t i o n o f the axis o f the body . 

§ 14. Type segment or vertebra. — E a c h comple te segment, 
ca l led ' ver tebra , ' consists o f a series o f osseous pieces a r ranged 
accord ing t o a t y p e or genera l p l a n , e x e m - 17 
p l i f i e d i n fig. 1 7 ; i n w h i c h t h e y f o r m a 
hoop or a rch above, and another beneath , 
a cen t r a l piece. T h e u p p e r hoop, e n c i r c l i n g 
a* segment o f the nervous axis , is ca l led the 
n e u r a l 1 a rch , N ; t he l o w e r hoop, e n c i r c l i n g 
a p a r t o f the vascular system, is ca l led the 
haemal 2 a rch , H : t h e i r c o m m o n centre is 
t e r m e d the ' c e n t r u m . ' 3 T h e n e u r a l a rch 
is f o r m e d b y a pa i r o f bones,, ca l led ' neu ra -
pophyses , ' 4 n, n, and b y a bone sometimes 
c l e f t or b i f i d , ca l led the ' n e u r a l spine, ' 
ns: i t also sometimes inc ludes a pa i r o f 
bones, ca l led ' d i a p o p h y s e s ' 5 d, d. T h e haemal a rch is f o r m e d b y 
a pa i r o f bones, ca l led ' p l e u r a p o p h y s e s , ' 6 pi; b y a second pa i r , 
ca l led ' haemapophyses, ' 7 h; a n d b y a bone , sometimes b i f i d , ca l led 
t h e 'haemal spine, ' hs. I t also sometimes inc ludes par t s , o r 
bones, ca l led ' parapophyses . ' 8 Bones , moreover , m a y be developed 
w h i c h d ive rge as r ays f r o m one or more o f the above par ts . 

T h e par ts o f a v e r t e b r a w h i c h are developed f r o m independen t 
centres o f oss i f ica t ion are ca l led ' a u t o g e n o u s ; ' those t h a t g r o w 
f r o m p r e v i o u s l y ossif ied par t s are ca l led ' exogenous : ' the au toge
nous par ts o f a v e r t e b r a are i t s ' e lements, ' t he exogenous par t s 
are i t s ' processes.' N o p a r t , however , is abso lu te ly autogenous 

1 Gr. neuron, nerve. 
2 Gr. haima, blood. 
8 Gr. kentron, centre. 
4 Gr. for nerve, and apophusis, a pro 

jecting part. 

5 Gr. dia, across, and apophusis. 
6 Gr. pleuron, rib, and apophusis. 
7 Gr. for blood, and apophusis. 
8 Gr. para, transverse, and apophusis. 
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t h r o u g h o u t the ver tebra te series; and some par t s , u s u a l l y exo
genous, are autogenous i n a f e w instances. 

T h e v e r t e b r a l elements are, t h e c e n t r u m 
c, the neurapophyses n; t he n e u r a l spine 
ns, the pleurapophyses pi, t h e haemapo-
physes h, and the haemal spine hs. T h e 
exogenous parts are the diapophysis d, the 
parapophysis p, t he zygapophys is z,1 the ana-
pophysis a,2 the metapopl iys i s m,3 the h y p a -
pophysis , fig. 17, y , 4 a n d t h e epapophysis, 
fig. 17, e.5 O f the autogenous par ts , the 
n e u r a l spine is mos t c o m m o n l y exogenous; 
o f the exogenous par ts , t he parapophyses, 

diapophyses, and hypapophyses , are sometimes autogenous. 
Vertebrae are subject to m a n y and grea t mod i f i ca t i ons—e. g . as 

to the n u m b e r o f the elements r e ta ined i n t h e i r compos i t ion , as to 
the f o r m and p r o p o r t i o n o f the elements, and even as to the re la t ive 
pos i t ion o f the elements ; b u t the l a t t e r m o d i f i c a t i o n is never 
ca r r ied to such a degree as to obscure the genera l p a t t e r n or 
t y p e o f the b o n y segment. 

Sometime^, as i n the example , fig. 18, o f the t h i r d segment o f 
the h u m a n skeleton, the n e u r a l a rch , N , is m u c h expanded, the 
haemal one, H , is c o n t r a c t e d ; and , i n the expanded n e u r a l arch, 
the autogenous diapophyses, d d, are wedged be tween the neura
pophyses, n, and the enormous ly expanded n e u r a l spine, ns. M o r e 

19 c o m m o n l y , as i n the example f r o m the t ho rax , fig. 
19, the haemal a rch , hs, is m u c h expanded , the neu ra l 
one n, c o n t r a c t e d ; and the parapophysis is repre
sented sometimes b y the exogenous g r o w t h f r o m 
the c e n t r u m , c o m m o n l y b y t h a t , p, f r o m the r i b pi. 
Sometimes, aga in , as is e x e m p l i f i e d i n the neck o f 
the b i r d , fig. 20 , and the t a i l o f the C r o c o d i l e , b o t h 
neu ra l and haemal arches are a l i k e con t r ac t ed , the 
pleurapophyses, pi, b e i n g e x c l u d e d f r o m the l a t t e r , 
and s tand ing o u t as con t inua t ions o f the c o n f l u e n t 
diapophyses and parapophyses ; and the haemal a rch 

b e i n g f o r m e d , e i ther b y haemapophyses ( C r o c o d i l e ) , fig. 7, or 
hypapophyses ( b i r d ) , fig. 20 , hy. Such vertebrae devia te b u t 
l i t t l e f r o m the idea l t y p e , unde r i t s less developed c o n d i t i o n , 
as i n fig. 7. T h e segments are c o m m o n l y s i m p l i f i e d a n d made 

1 Gr. zugos, junction, and apophusis. < Gr. hupo, below, and apophusis 
2 Gr. ana, backwards, and apophusis. * Gr. epi, above, and apophusis. ' 
3 Gr. meta, between, and apophusis. 

Thoracic segment or 
vertebra 
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smaller as they approach the end of the vertebral column; one 
e lement or process a f t e r another is r emoved , u n t i l the ve r t eb ra 
is r educed to i t s c e n t r u m , as i n the sub jo ined d iag ram, fig. 2 1 , 
o f the a rche type ve r t eb ra te skele ton. 

§ 15. Archetype skeleton.—In t h i s scheme, w h i c h gives a side 
v i e w o f the series o f segments or c ver tebrae ' o f 2 o 
w h i c h the ske le ton is composed, the ex t reme 
ones are the seat o f those modi f i ca t ions , w h i c h , 
accord ing t o t h e i r k i n d and degree, impress 
class-characters u p o n the t y p e . 

T h e f o u r an te r io r neurapophyses, u , LO, 
n 6, 2, g i v e issue to the nerves, t he t e r m i n a l 
modi f i ca t ions o f w h i c h cons t i tu te the organs 
o f special sense. T h a t o f sme l l , 4, 19, is 
s i tua ted i n advance o f i t s p rope r (nasal) seg- e™Tertetoa e i l t ° r 

m e n t , w h i c h becomes v a r i o u s l y m o d i f i e d to enclose and pro tec t 
i t . T h e o rgan o f s ight , l odged i n a c a v i t y or (orbit' be
t w e e n i t s o w n ( t he f r o n t a l ) and the nasal segment, is here 
d r a w n above t h a t interspace. T h e nerve o f taste perforates 
the neurapophys is o f the t h i r d segment, 6, or passes b y 
a n o t c h be tween th i s and the f r o n t a l segment, t o expand i n the 
sense-organ, or ' t ongue , ' w h i c h is suppor ted b y the haemal spine, 
41, 42, o f i t s o w n ( p a r i e t a l ) segment. T h e f o u r t h is the o rgan 
o f hea r ing , 16, i nd ica t ed above the interspace be tween t h e neu ra 
pophysis o f i t s o w n (occ ip i t a l ) and t h a t o f the antecedent ( p a r i e t a l ) 
ve r t eb ra , i n w h i c h i t is a lways l o d g e d ; the s u r r o u n d i n g v e r t e b r a l 
elements be ing m o d i f i e d to f o r m the c a v i t y f o r i t s r ecep t ion , w h i c h 
is ca l led e otocrane. ' 

T h e j a w s are the m o d i f i e d haemal arches o f the first t w o seg
ments . T h e m o u t h opens at t he interspace be tween these haemal 
a rches ; the pos i t i on o f the v e n t varies ( i n fishes), b u t a lways 
opens b e h i n d the p e l v i c a rch , s, 62, 63, p, w h e n th i s is ossified. 

O u t l i n e s o f the c h i e f developements o f the de rmoske le ton , i n 
d i f f e r e n t ver tebra tes , w h i c h are u s u a l l y more or less ossif ied, are 
added to the neuroske le ta l a r c h e t y p e ; as, e. g . the med ian h o r n 
suppor ted b y the nasal spine, 15, i n the r h i n o c e r o s ; t h e pa i r o f 
l a t e r a l horns deve loped f r o m the f r o n t a l spine, n , i n mos t r u m i 
nants ; the m e d i a n f o l d s , D l , D n , above the n e u r a l spines, one o r 
more i n n u m b e r , c o n s t i t u t i n g the e d o r s a l ' fin or fins i n fishes a n d 
cetaceans, and the dorsal h u m p or h u m p s i n the buffa loes and 
camels ; s imi l a r fo lds are sometimes deve loped at the end o f the 
t a i l , f o r m i n g a e c a u d a l ' fin, c, a n d beneath the haemal spines, 
c o n s t i t u t i n g the e a n a l ' fin o r fins, A , o f fishes. 
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T h e d i f f e r e n t e lements o f t h e p r i 
m a r y segments are d i s t i n g u i s h e d b y 
pecu l i a r m a r k i n g s : — 

T h e neurapophyses b y diago
n a l l ines , t hus — 

T h e diapophyses b y v e r t i c a l 

l i n e s — 
T h e parapophyses b y h o r i z o n 

t a l l i n e s — 
T h e centrum b y decussat ing 

h o r i z o n t a l and v e r t i c a l l i n e s — 
T h e pleurapophyses b y diago

n a l l i n e s — 
T h e appendages b y d o t s — 
T h e n e u r a l spines a n d haemal spines 

are l e f t b l a n k . 
I n ce r t a in segments the elements 

are also specif ied b y t h e i n i t i a l s o f 
t h e i r n a m e s : — 

ns is t h e n e u r a l spine. 
n is t he neurapophys i s . 
pi is t he p leurapophys is . 
c is t he c e n t r u m . 
h is t h e haemapophysis, also i n d i 

cated b y t h e n u m b e r s 21, 29, 
44, 52, 58, 63, 64. 1 

hs is t h e haemal spine. 
a is t he appendage. 

T h e c e n t r u m is the mos t constant 
v e r t e b r a l e lement as t o i t s existence, 
b u t n o t as t o i t s oss i f ica t ion. T h e r e 
are some l i v i n g fishes, a n d f o r m e r l y 
the re w e r e m a n y , n o w e x t i n c t , i n 
w h i c h , w h i l s t t he p e r i p h e r a l elements 
o f t he v e r t e b r a become ossif ied, the 
c e n t r a l one remains u n o s s i f i e d ; and 
here a f e w w o r d s are r equ i s i t e as t o 
the deve lopement o f vertebrae. 

§ 16. Developement of vertebra.— 
T h e cen t ra l basis o f the neu roske le ton 
is l a i d d o w n i n the e m b r y o o f e v e r y 
ver tebra te a n i m a l as a m o r e o r less 

1 See ' TABLE OF SYNONYMS, Special Homologies,' for the names of the bones 
indicated by numbers. 
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c y l i n d r i c a l fibrous sheath, filled w i t h s imple cells con ta in ing j e l l y . 
T h e cen t rums , or 1 bodies o f the vertebra?,' are developed i n and 
f r o m t h e no tochord . T h e bases o f the other elements are l a i d 
d o w n i n fibrous bands, d i v e r g i n g f r o m the no tochord , and g i v i n g 
the first i n d i c a t i o n o f the segmental character o f the skele ton. 

I n Dermopteri the n e u - adipose substance 
neural canal 

inner layer -. 

outer layer 
of fibrous capsule 

- fibrous band. 
or basis of 

— gelatinous chorda 

r a l and haemal canals are 
f o r m e d b y a separat ion o f 
the layers o f the ou te r 
d i v i s i o n o f t h e sheath o f 
the no tochord fig 22 A T r a n s v e r s e v e r t i c a l section of vertebral column of Myxine. xxi. 

t ransverse p a r t i t i o n divides the l a rge r p o r t i o n o f the n e u r a l canal , 
l o d g i n g the m y e l o n , f r o m a smal ler p o r t i o n above c o n t a i n i n g 
adipose tissue. I n the L a n c e l e t the substance o f the n o t o 
chord , fig. 23 , ch, consists o f a n u m b e r o f c i r c u l a r d iscoid 
or flattened vesicles, pressed one u p o n another w i t h i n the 
sheath, l i k e a p i l e o f coins i n a purse ; the sheath is s t r e n g t h 
ened b y a l o n g i t u d i n a l filamentary l i g a m e n t above and be low. 
A p o n e u r o t i c septa pass o f f , w i t h each pa i r o f nerves , t o t h e 
interspaces o f t h e muscu la r segments, g i v i n g a t tachments t o 
the fibres. A med ian v e r t i c a l membrane rises f r o m the n e u r a l 

23 

Diagram of anatomy of the Lancelet, Branchiostoma 

sheath, and b e y o n d t h e abdomina l c a v i t y descends f r o m the haemal 
sheath, passing b e t w e e n the r i g h t a n d l e f t series o f m y o c o m m a t a . 
T h e de rmo-neu ra l a n d dermo-haemal spines are i n d i c a t e d b y shor t 
l inea r series o f firmly adhe r ing flattened c y l i n d r i c a l cells. T h e 
n e x t step i n t h e ske le ta l tissues is s h o w n i n a pa i r o f j o i n t e d 
car t i l ag inous filaments, fig. 2 3 , h, w h i c h b o u n d o r s t r eng then t h e 
borders o f t h e l o n g i t u d i n a l o r a l s l i t , each car t i l age s u p p o r t i n g o n 
conica l prominences t h e o r a l c i r r i ( i b . / ) : numerous c a r t i 
lag inous filaments s t r e n g t h e n t h e sides o f t h e b r a n c h i a l c a v i t y , i b . 
a, w i t h i n t e r v e n i n g fissures, n o t o p e n i n g u p o n the s k i n . I n t h e 
L a m p r e y car t i l ag inous neurapophyses , fig. 2 4 , n, n, s t r eng then the 
sides o f t h e n e u r a l canal . I n t h e S t u r g e o n , fig. 2 5 , the i n n e r 
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l aye r o f the no tochorda l capsule has assumed the t e x t u r e o f t o u g h 
hya l i ne ca r t i l age ; and n o t o n l y are firm opake ca r t i l ag inous 

^apophyses present , b u t also parapophyses, p leurapophyses , neurc 

neural spine 

flbro-adipose 
canal 

neural canal 
gelatinous chorda 

inner layer of 
fibrous capsule as 
hyaline cartilage 

neurapophysis 
interneural cartilage 

pleurapophysis 
parapophysis 
- interhasmal cartilage 

haemal canal 
Abdominal vertebra, Sturgeon 

Fore part of skeleton, Lamprey (Petromyzori) 

and neural spines. The part of the neurapophysis bounding the 
t r u e neu ra l canal is u s u a l l y d i s t i n c t f r o m t h a t b o u n d i n g the fa t -
filled fissure above. T h e parapophyses are u n i t e d b y a con
t inuous plate o f car t i lage f o r m i n g an i n v e r t e d a rch beneath the 

aor ta , i n the t r u n k , ana
logous t o t h a t f o r m e d by 
bone i n the l o w e r neck-
vertebrae o f b i r d s , fig. 20. 

I n the Chimcera slen
der subossified r ings 
appear i n t h e car t i l ag i 
nous sheath o f the noto
c h o r d , w h i c h are more 
numerous t h a n the neu

r a l arches. These, whe re u n c o n f l u e n t w i t h each other , are 
d i s t i nc t also f r o m the parapophyses, w h i c h i n the t a i l bend 
d o w n to f o r m the haemal arches. I n the M e d i t e r r a n e a n G r e y 
Shark (Notidanus cinereus) the v e r t e b r a l centres are s t i l l feebly 
and i r r e l a t i v e l y m a r k e d o u t b y numerous slender r i n g s o f hard 
car t i lage i n the no tochorda l capsule, the n u m b e r o f vertebrae be ing 
more d e f i n i t e l y ind ica ted b y the neurapophyses and parapophyses; 
b u t these r e m a i n car t i l ag inous . 

I n the L e p i d o s i r e n the pe r i phe ra l v e r t e b r a l e lements , fig. 4 1 , n, 
ns, p, hs, are ossif ied, b u t the no tochord , ch, w i t h a t h i c k e r and 
condensed capsule, remains. I n the P i k e d D o g - f i s h (Acanthias) 
the ve r t eb ra l centres coincide i n n u m b e r w i t h t h e n e u r a l arches, 
and are def ined b y a t h i n p la te o f bone, shaped l i k e an hour 
glass, and f o r m i n g the conical c a v i t y a t each end o f the c e n t r u m : 
the rest o f w h i c h is car t i lag inous ex t e rna l to the ' hour-glass , ' and 
subgelat inous w i t h i n i t s t e r m i n a l cavi t ies . I n the S p o t t e d Doer-
fish (Scyllium) the t w o t h i n b o n y cones o f each c e n t r u m are con-
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fluent at their apices, which are perforated, and the notochord, 
reduced to a beaded f o r m , is con t inued t h r o u g h t h e m : the 
ex t e r i o r o f the b o n y cones is occupied b y 
a clear car t i l age . I n the Porbeag le Shark 
{Lamna cornubica) f u r t h e r ossif icat ion o f 
the conica l p la te has reduced the cen t ra l 
c o m m u n i c a t i o n t o a m i n u t e fo ramen . Os- | f § 
seous plates have also been developed i n 
the e x t e r i o r clear c a r t i l age : these plates 
are t r i a n g u l a r , pa ra l l e l w i t h the axis o f the 
ve r t eb ra , t h e i r apices c o n v e r g i n g towards 
the c e n t r e : the interspaces are filled b y 
car t i lage . I n the g rea t B a s k i n g S h a r k | 
tSelache maxima) fig. 26 , the l o n g i t u d i n a l b o n y laminae are more 
numerous and shor ter t h a n i n Lamna, are pe r i phe ra l i n pos i t i on , 
and ex tend about o n e - t h i r d o f the w a y towards the centre o f the 
interspace be tween the t e r m i n a l cones, the rest b e i n g occupied b y 
a series o f concent r ic cy l inder s o f bone, i n t e r r u p t e d b y f o u r 
conica l c o n v e r g i n g cavi t ies , filled b y c a r t i l a g e ; o f these, t w o , n, n, 
are closed b y the bases o f the neurapophyses, and t w o , p, p, b y 
those o f the parapophyses. T h e r e is a t r a n s i t i o n f r o m the c y l i n 
d r i c a l t o the l o n g i t u d i n a l l y l ame l l a r s t r u c t u r e , the ex t e r i o r and 
la rges t o f the cy l inde r s sending o u t processes w h i c h j o i n the i n 
t e r n a l marg ins o f the c o n v e r g i n g lamellae. I n the M o n k - f i s h 
(Squatina) the osseous p a r t o f the c e n t r u m b e t w e e n the t e r m i 
n a l cones is e n t i r e l y i n the f o r m o f concent r ic layers , f e w i n n u m b e r , 
and decreasing i n b read th as t h e y approach the centre . I n the 
Ces t rac ion there are no concent r ic cy l i nde r s , b u t o n l y l o n g i t u d i n a l 
lamellae, r a d i a t i n g f r o m the centre to the c i r cumfe rence , and g i v i n g 
o f f shor t l a t e r a l plates as t h e y d ive rge . 

I n the Topes ( G a l e u s ) , t h e B l u e Sharks ( C a r c h a r i a s ) , and i n 
most sharks w h i c h possess the n i c t i t a t i n g e y e l i d , m a y be seen the 
most advanced stage o f oss i f ica t ion i n the ca r t i l ag inous fishes: 
the en t i r e c e n t r u m , save a t t h e f o u r cavi t ies closed b y the neu r -
a n d par-apophyses, is occup ied b y a coarse bone, more compact 
whe re i t f o r m s the smooth e x t e r i o r surface and t h a t o f t h e t e r 
m i n a l a r t i c u l a r cavi t ies . I n osseous fishes (mos t Teleostomi) t h e 
neu r - and pa r -apophys ia l cavi t ies are o b l i t e r a t e d b y bone, a n d 
the neur - and par-apophyses are c o n f l u e n t , o r s u t u r a l l y j o i n e d , 
w i t h the c e n t r u m ; b u t t h e y r e t a i n a grea ter p r o p o r t i o n , t h a n i n 
h i g h e r classes, o f the p r i m i t i v e ge la t inous basis, w h i c h fills u p t h e 
deep cone or cup at each end o f t h e c e n t r u m , fig. 27 , c c. O n l y 
i n the gano id Lepidosteus, a m o n g fishes, does oss i f ica t ion so e x t e n d 

V O L . i . D 
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Lepidosteus 

as to obl i te ra te the f r o n t c a v i t y , and p r o t r u d e i n t o t h e h i n d c a v i t y 
o f the p reced ing ve r t eb ra , f i g . 28 ; thus es tabl i sh ing a cup-and-

b a l l a r t i c u l a t i o n o n the * opis thoccel ian ' p l an . 
T h e cup-and-ba l l s t r u c t u r e p reva i l s t h r o u g h o u t 
the a i r -b rea th ing , l and-seek ing , o r t e r r e s t r i a l , 
Hcematocrya. So i n t e r l o c k e d , the vertebra? are 
be t t e r fitted t o suppor t t h e b o d y i n a i r , and 
t r ans fe r i t s w e i g h t t o legs. Somet imes the cup 
is beh ind , as i n the land-salamander, t h e Su r inam 
toad (Pipa), and some e x t i n c t crocodiles , thence 

cal led Streptospondylus; b u t , as a genera l r u l e , e x i s t i n g repti les 
have e procoel ian ' vertebra?, or w i t h the cup i n f r o n t . I n many 

e x t i n c t rep t i les (Sauropteryyia, Dinosauria) ossi
fication was so advanced as t o leave no cav i ty 
a t e i ther end o f the c e n t r u m ; and these parts 
were coa r t i cu la t ed b y flattened or almost flat
t ened surfaces, as i n mammals . F i n a l l y , bo th 
e x t i n c t and recent R e p t i l i a a f f o r d instances i n 
w h i c h the par ts or elements o f t h e ve r t eb ra have 
coalesced i n t o one bone. 

T h e progressive stages i n t h e developement o f 
a ve r t eb ra , w h i c h have been i l l u s t r a t e d b y t h e c h i e f o f those at 
w h i c h i t is arrested i n t h e co ld-b looded series, bear a close analogy 
t o those b y w h i c h i t reaches t h e coalesced c o n d i t i o n as a single 
bone i n the w a r m - b l o o d e d classes. T h e p r i n c i p a l secondary and 
adapt ive modi f ica t ions w i l l n e x t be p o i n t e d o u t w h i c h m a r k w i t h 
special characters the co l lec t ive t runk-ver tebra? i n Hcematocrya. 

§ 17. Vertebral column of Fishes. — I n t h e S t u r g e o n (Aci-
penser), fig. 29 , the first five or s ix n e u r a l arches are confluent 
w i t h each other and w i t h the parapophyses, f o r m i n g a continuous 
sheath o f firm car t i lage ( f i g . 6 2 ) , i n c l o s i n g the f o r e p a r t o f the 
no tochord , i b . a, and m y e l o n , and p e r f o r a t e d f o r the e x i t o f 
the nerves. T h e t a p e r i n g end o f the n o t o c h o r d is cont inued 
f o r w a r d i n t o the f u s e d basal elements o f t h e c r a n i a l vertebra?, 
ib - 9> g"> a n a b a c k w a r d i n t o the base a n d u p p e r lobe o f the 
t a i l - f i n , fig. 29 , c. T h e vertebra? are represented b y the i r 
pe r iphe ra l elements, and p r i n c i p a l l y b y t h e n e u r a l a n d ha?mal 
arches. T h e p leurapophyses are l i m i t e d t o abou t t w e l v e o f 
the an te r ior t runk-ver tebra? , are a r t i c u l a t e d b y s imple heads 
to parapophyses, fig. 62 , p, and r a p i d l y shor ten i n t h e t w o or 
three h inde r pairs ; the la rge ones sometimes consist o f t w o or 
three pieces j o i n e d end on end, l i k e the m o d i f i e d o c c i p i t a l r i b , 
ca l led e scapula. ' V e g e t a t i v e r e p e t i t i o n o f p e r i v e r t e b r a l par ts 
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n o t o n l y manifes ts i t s e l f i n the double p l e u r -
a n d neur-apophyses on each side, b u t i n smal l 
i n t e r n e u r a l and interhaemal cart i lages, f i g . 25 . 
These p e r i p h e r a l cart i lages are more f e e b l y 
developed i n Spatularia. 

I n the Chimaeroids (Holocephali) the bases 
o f the n e u r - and par-apophyses o f about t e n 
o f t he an t e r io r t runk-ver tebrae coalesce and 
f o r m a cont inuous accessary car t i lag inous 
c o v e r i n g o f the fo re p a r t o f the n o t o c h o r d ; 
a n d the conf luen t n e u r a l spines here f o r m a 
b road and h i g h compressed plate . B e t w e e n 
the neurapophyses are wedged accessory i n 
t e r n e u r a l cart i lages. 

I n Notidanus,Acanthias, Centrina,and Scym-
nus, t he in t e rneura l s , fig. 30 , i, resemble the 
neurapophyses, i b . n, i n v e r t e d , and are i n 
terposed, l i k e wedges, be tween t h e m , w i t h 
the apices reach ing the c e n t r u m . I n Scyllium, 
Mustelus, Sphyrna, and Carcharias, t he i n 
te rneura l s resemble the neurapophyses i n size 
a n d shape, b u t occupy a pos i t ion above t h e 
i n t e r v e r t e b r a l j o i n t . I n Galeus t he e vegeta
t i v e r e p e t i t i o n ' is f u r t h e r e x e m p l i f i e d b y f o u r 
s tel la te poin ts o f ossif icat ion, one o f w h i c h is 
i n t e r v e r t e b r a l ; and above these are r u d i m e n t s 
o f n e u r a l spines. T h e sp ina l ne rve d i r e c t l y 
perfora tes the neu rapophys i s ; or , w h e n the 
t w o roots escape separately, one also pe r 
forates the i n t e r n e u r a l . T h e p l e u r a p o p h y 
ses are shor t a n d s imple car t i lages , e i the r 
wedged i n t o t h e interspaces o f the parapo
physes (Notidanus, Carcharias, Scymnus), 
or a t tached to the ends o f the parapophyses 
( Galeus) of , say, the t w e n t y - s i x an t e r io r v e r t e 
brae. I n Acanthias t he re m a y be f o r t y pairs 
o f such r i b l e t s , fig. 3 0 , pi. 

I n the flat P lagios tomes (Ska tes , fig. 6 4 , 
R a y s , Torpedos ) vege ta t ive r e p e t i t i o n m a n i 
fests i t s e l f i n the m u l t i p l i c a t i o n o f vertebrae, 
a n d especially o f the c e n t r a l e l emen t s ; w h i c h , 
as i nd i ca t ed b y t h e i r r u d i m e n t a r y oss i f ica t ion 
i n Chimcera, are c o m m o n l y m o r e numerous 
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t h a n the neu ra l arches; no r are i n t e r n e u r a l and interhaemal pieces 
w a n t i n g . I n Rata clavata these ' ossa i n t e r c a l a r i a ' cons t i tu te the 

c h i e f p a r t o f the n e u r a l a rch , at the 
an te r io r p a r t o f the v e r t e b r a l c o l u m n ; 
w h i l s t the neurapophyses resume 
t h e i r o r d i n a r y share i n i t s f o r m a t i o n 
at the pos ter ior p a r t o f the co lumn. 
I n Zygcena the re are in t e r sp ina l 
cart i lages. I n Rhinobatus a single 
spine answers to t w o v e r t e b r a l bodies, 
and w e m a y w e l l suppose th i s m u l 
t i p l i c a t i o n o f cen t r a l pieces to have 
been ca r r i ed s t i l l f a r t h e r i n the p r i 
maeval foss i l R a y (Spinachorhinus) 
f r o m the l o w e r L i a s . 

I n the anchylosed ce rv ica l verte
brae o f the Skate the shor t centrums 
are i nd i ca t ed b y transverse bars along 
the m i d d l e o f the u n d e r par t . I n 
the M o n k - f i s h {Squatina) the body 
o f the atlas is con f luen t w i t h the 
bas iocc ip i ta l , b u t the n e u r a l arch re
mains d i s t i nc t . 

T h e parapophyses i n most Rays 
pass f o r w a r d , and t h e n b a c k w a r d , the 
angle o f one fitting, l i k e an ar t icular 
process, i n t o t h e n o t c h o f the para
pophysis i n advance : t h e y do not 
suppor t p l eu rapophyses ; t h e y gradu
a l l y b e n d d o w n b e h i n d the pelvic 
a rch , and comple te the haemal canal 
about s ix vertebrae b e y o n d i t ; the 
haemal spines become flattened i n the 
t a i l o f some R a y s . 

I n osseous fishes a t r u n k - v e r t e b r a consists o f a b iconcave body, 
fig. 27 , c, o f a pa i r o f neurapophyses, fig. 3 1 , n, u s u a l l y develop
i n g a spine, i b . ns, f r o m t h e i r p o i n t o f coalescence above the 
neu ra l canal ; and o f a pa i r o f parapophyses, i b . p ; t o w h i c h 
are added i n the abdomina l r e g i o n i n most fishes, a n d also i n the 
caudal r eg ion o f some, a pa i r o f p leurapophyses , pi, figs. 3 1 , 32. 
Oss i f ica t ion u sua l l y commences i n the bases o f the n e u r - and 
par-apophyses, and i n the t e r m i n a l cones o f the c e n t r u m ; i t 
m a y proceed to b l e n d the s ix po in ts i n t o one bone, a n d fill 

Forepart of skeleton, Piked Dog-fish 
(Acanthias). XLIII. 
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u p the h o l l o w outside the cones, as ind ica ted b y the do t t ed 
t r a c t i n the sect ion, fig. 27 . B u t , i n some, a c o m m u n i c a t i n g 
ape r tu re is l e f t b e t w e e n the 
t e r m i n a l cones, as i nd ica t ed 
b y the d o t t e d l i n e i n fig. 3 1 . 
I n m a n y fishes t h e plates 
b y w h i c h the bone at tains 
the p e r i p h e r y o f the c e n t r u m 
leave interspaces permanent 
l y occupied b y car t i lage , 
f o r m i n g cavit ies i n the d r i e d 
or foss i l bone, or g i v i n g a 
r e t i cu l a t e surface to the sides 
o f t he c e n t r u m . T h e bases o f the n e u r - and par-apophyses 
sometimes expand so as t o w h o l l y inclose the c e n t r u m before 
coalescing t h e r e w i t h ; as, f o r example , i n the T u n n y , w h e r e 
the l i n e o f demarca t ion m a y be seen at the border o f the a r t i c u 
l a r concav i ty . 

I n the P i k e the neurapophyses seldom, i n the Polypterus and 
Amia, never , coalesce w i t h the c e n t r u m : the l e t t e r s shows the 
neurapophys ia l su tu re i n fig. 32 . I n the SalmonidcB the n e u r 
apophyses r e m a i n d i s t i n c t f r o m b o t h the c e n t r u m and f r o m each 
o ther , i n the an te r io r ver tebra?; whe re each developes a l o n g and 
slender spine . 1 T h e parapophyses r e m a i n f o r some t i m e d i s t i n c t 
f r o m the b o d y o f the ve r t eb ra , as w e l l as f r o m the r ibs . I n the 
an te r io r vertebra? o f the C a r p the neurapophyses r e m a i n d i s t i n c t , 
as t h e y do i n the atlas o f m a n y Other fishes, a n d a su tu re is o b 
servable be tween the parapophyses and c e n t r u m i n e m b r y o C y p r i -
noids. I n each v e r t e b r a the summi t s o f the t w o neurapophyses 
u s u a l l y become anchylosed toge the r , a n d t o t h e i r s p i n e ; b u t i n the 
Lepidosiren, fig. 4 1 , t h e spine re ta ins i t s character as a d i s t i n c t 
e lement , and is a lways a t tached b y l i g a m e n t to the t o p o f t h e 
neurapophys is , as i t is i n the S t u r g e o n , fig. 25 . I n the an t e r i o r 
abdomina l vertebra? o f t h e T e t r o d o n , each o f the neurapophyses , 
t h o u g h t h e y coalesce i n the in terspace o f the t w o spines t o f o r m 
the r o o f o f the n e u r a l canal , sends u p i t s o w n b road t r u n c a t e d 
sp ine ; a n d these are n o t much-deve loped o b l i q u e processes, b u t 
g r a d u a l l y a p p r o x i m a t e a n d b l e n d toge ther , t o f o r m the s ingle 
n o r m a l spine a t t he fifth abdomina l v e r t e b r a . 2 I n t h e B a r b e l 
t h e n e u r a l arches also s u p p o r t t w o spines, b u t one is p laced 
b e h i n d the o ther . 

1 XLIV. vol. i . p. 16, No. 46. 2 Ib. vol. i . p. 81. 
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T h e interspaces o f the n e u r a l arches are occupied b y a fibrous 
aponeurosis—the remains o f the p r i m i t i v e c o v e r i n g o f the n e u r a l 

a x i s : b u t i n 
mos t fishes the 
arches are ad
d i t i o n a l l y con
nected toge
the r b y a r t i c u 
l a r or ob l ique 
p r o c e s s e s 
(zygapophy
ses ) : i n the 
P i k e the ante
r i o r one, fig. 

32 , z, is present, w h i c h ba re ly touches the n e u r a l a rch i n advance; 
i n Polypterus i t overlaps t h a t pa r t . I n the P e r c h a posterior 
zygapophysis projec ts t o receive the o v e r l a p p i n g an te r io r one, 
the r e l a t ive posi t ions b e i n g the reverse o f those i n most air-
b r e a t h i n g vertebrates . B u t , i n some fishes, a second pai r o f 
zygapophyses are developed, w h i c h resemble t h e n o r m a l pair 
i n h ighe r ver tebrates i n r e l a t i ve co-adapta t ion, b u t seem to 
g r o w as exogenous processes, f r o m the c e n t r u m i t se l f , fig. 
3 1 , z. I t is also pecu l ia r t o fishes t o have a r t i c u l a r processes 
developed f r o m the parapophyses, as, e. g . i n the abdomina l region 
o f the B a y s , and f r o m the caudal vertebra? o f the S w o r d - f i s h , fig. 
33 , z. I n t h e T u n n y these processes are b ranched , and f o r m a 
n e t w o r k about the haemal canal. I n Loricaria pecu l ia r accessory 
processes are sent o u t f r o m the n e u r a l a rch o f the seven an ter ior ver
tebra? w h i c h abu t against the l a t e r a l shields o f the dermo-skeleton. 
T h e parapophyses are shor t i n some fishes (Salmo, Clupcea, Amia), 
o f moderate size i n m a n y , a n d longes t i n the C o d - t r i b e , fig. 34, 
p, whe re t h e y expand i n the abdomina l r e g i o n a n d sustain 
the a i r -b ladder w h i c h adheres to t h e i r u n d e r surface. I n one species 
o f Gadus, the b ladder sends processes i n t o deeper cavi t ies o f the 
parapophyses, f o r e s h o w i n g , as i t w e r e , t he pneuma t i c bones o f 
b i rds . T h e parapophyses g r a d u a l l y b e n d l o w e r d o w n as they 
approach the t a i l , whe re , i n m a n y fishes, t h e y u n i t e t o f o r m the 
haemal canal. I n Lepidos teus the canal is f o r m e d b y the p leura 
pophyses : w h i l s t these, i n Amia, Thynnus, and some others , are 
appended to the parapophysia l i n v e r t e d arches, l i k e haemal spines. 
I n Lepidosiren the elements p, fig. 4 1 , w h i c h i n the abdomen 
represent ei ther pleurapophyses or l o n g parapophyses, b e n d d o w n 
i n the t a i l to f o r m the haemal arch. N o t u n t i l w e reach the 
Ba t r ach i a i n the ascensive comparison do w e find t r u e ' haema-
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pophyses, ' fig. 4 3 , h, f o r m i n g the haemal a rch i n the t a i l , and 
coex i s t i ng there w i t h par- and pleur-apophyses, i b . p, and pi. 

T h e pleurapophyses o f fishes correspond to w h a t are t e r m e d i n 
C o m p a r a t i v e A n a t o m y , ( v e r t e b r a l r ibs , ' and i n H u m a n A n a t o m y 
e false or f l o a t i n g r i b s : ' f o r , w i t h f e w except ions, o f w h i c h the 
H e r r i n g is one, fig. 37 , t h e i r d i s ta l ends are n o t connected w i t h 
a n y bones analogous to s te rna l r ibs or s t e r n u m ; i . e. the abdomen 
is unc losed b e l o w b y the osseous par ts c o m p l e t i n g the haemal arch. 
T h e t r u e homologues o f s ternal r ibs and s t e r n u m r e t a i n the p r i m i t i v e 
aponeuro t ic t e x t u r e , and m a y be w e l l seen i n the B r e a m , ex
t e n d i n g f r o m the ends o f the v e r t e b r a l r ibs . These elements, or 
p leurapophyses , figs. 3 1 , 32 , pi, are u s u a l l y appended t o t h e 
ex t r emi t i e s o f the parapophyses, p, the a r t i c u l a t i o n f r e q u e n t l y p r e 
sen t ing a rec ip roca l n o t c h i n each. B u t , i n some b o n y fishes, as 
Flatax, t h e r ib s a r t i cu l a t e w i t h the bodies o f the vertebrae, i n de
pressions b e h i n d the parapophyses ; and i n Polypterus beneath t h e 
parapophyses, as i n the car t i lag inous Heptanchus, Carcharias, and 
Alopias. 

B e t w e e n the floating r ibs extends an aponeurosis, t he remains 
or homologue o f the p r i m i t i v e fibrous i n v e s t m e n t o f the abdomen 
i n the L a n c e l e t and L a m p r e y . I n the Sa lmon and D o r y the r i b s 
con t inue to be a t tached t o some o f the parapophyses a f t e r t h e y are 
b e n t d o w n , as i n t h e A m i a a n d T u n n y , t o f o r m the haemal canal 
and spine i n the t a i l . T h e costal appendages o f the first v e r t e b r a o f 
the t r u n k are u s u a l l y l a rge r t h a n the rest , and detached f r o m the 
c e n t r u m ; a t least i f w e r e g a r d as such the s t y l i f o r m bones w h i c h 
p r o j e c t f r o m the i n n e r side o f the scapulae, and w h i c h have been 
descr ibed as coracoids ( C u v i e r ) , and sometimes as d isplaced i l i ac 
bones ( C a r u s ) : b y the muscles a t tached to these s t y l i f o r m bones 
the succeeding r i b s are d r a w n f o r w a r d a n d the abdomen expanded 
i n the C y p r i n o i d s . P leurapophyses are e n t i r e l y absent i n t h e 
S u n - f i s h , G l o b e - f i s h (Diodon), t h e T e t r o d o n , t h e P i p e - f i s h (Fistu-
laria a n d Syngnathus), t h e L u m p - f i s h a n d the A n g l e r . O f a l l 
osseous, or r a the r semi-osseous, fishes, Lophius presents t h e s imples t 
v e r t e b r a l c o l u m n : t h e a b d o m i n a l vertebrae are n o t o n l y d e v o i d o f 
r i b s , b u t have the feebles t r u d i m e n t s o f parapophyses. T h e bodies 
o f t he vertebrae i n t e r l o c k a t t h e i r l o w e r and l a t e r a l par t s b y a shor t 
angula r process fitting i n t o a n o t c h i n t h e n e x t v e r t e b r a ; t h e l o w e r 
border o f t h i s n o t c h represents t h e l o w e r t ransverse process i n 
o ther fishes: i t is obsolete i n t h e an t e r io r abdomina l ver tebrae; 
begins t o appear abou t t h e m i d d l e ones ; shows i t s t r u e character 
i n t h e t e n t h ; a n d elongates, b e n d i n g d o w n w a r d , b a c k w a r d , a n d 
i n w a r d , t o coalesce w i t h i t s f e l l o w , a n d f o r m t h e haemal a r ch a t 
t h e t w e l f t h o r t h i r t e e n t h v e r t e b r a , f r o m w h i c h the haemal spine is 
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developed. T h e i n t e r l o c k i n g process o f the an te r io r ve r t eb ra dis
appears as the t r u e i n f e r i o r transverse process is increased. T h e 
side o f the neu ra l a rch is pe r fo ra t ed f o r the ne rve , and t h a t o f the 
haemal a rch f o r the blood-vessel. T h e an te r io r abdomina l vertebrae 

o f t he T e t r o d o n are 
firmly c lamped t o 
ge ther b y the para
pophyses. 

A vege ta t ive same
ness o f f o r m prevai ls 
i n fishes t h r o u g h o u t 
the v e r t e b r a l co lumn 
o f the t r u n k , fig. 34, 
w h i c h is made up o f 
o n l y t w o k i n d s o f ver
tebrae, characterised 
b y t h e d i r ec t ion o f 
the parapophyses, p: 
these i n the abdomi
n a l r e g i o n are la tera l , 
u s u a l l y s tand ou t and 
suppor t r i b s : b u t i n 
t h e caudal region 
b e n d d o w n to f o r m , 
e i the r b y d i rec t co
alescence or b y the 
r i b s t h a t cont inue to 
be a t tached to them 
i n a v e r t i c a l posi t ion, 
the haemal arch. 

T h e atlas is usu
a l l y d i s t ingu i shed b y 
some m o d i f i c a t i o n o f 
t h e an te r io r a r t i cu la r 
e n d o f t h e c e n t r u m , 
b y t h e persis tent 
s u t u r e o f the neu ra l 
a r ch , o r b y t h e ab
sence o r de tachment 
o f i t s p l e u r a p o p h y 
ses. P e c u l i a r p r o 
cesses are somet imes 
sent o f f f r o m t h e 
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u n d e r p a r t o f the c e n t r u m , as, e. g . the t w o w h i c h a r t i cu la te w i t h 
t he bas iocc ip i ta l i n the Arapaima gigas. A s the c e n t r u m o f t h e 
atlas re ta ins i t s n o r m a l re la t ions to the o ther elements, and t h e 
o r d i n a r y mode o f a r t i c u l a t i o n w i t h the b o d y o f the second v e r t e 
b ra , t h i s shows no ' odon to id process ' i n fishes. 

T h e n u m b e r o f vertebra? varies g r e a t l y i n the d i f f e r e n t osseous 
fishes: t h e P l e c t o g n a t h i (Diodon, Tetrodon) have the f ewes t and 
l a r g e s t : t h e apodal fishes (Ee l s , G y m n o t e s ) have t h e 
mos t and smallest , i n p r o p o r t i o n to t h e i r size. I t is n o t 
easy to de te rmine the precise n u m b e r , on account o f the 
coalescence o f some o f the vertebra?, o r a t least o f t h e i r 
c e n t r a l elements, i n p a r t i c u l a r par ts o f the c o l u m n . I n 
stances o f anchylosis o f some o f the an te r io r vertebra?, 
analogous to t h a t no t i ced i n the car t i l ag inous Sturgeons , 
Chima?ra?, Rh inoba tes , and some Sharks , occur also 
amongst the osseous fishes, as i n m a n y S i l u r o i d and C y -
p r i n o i d species, i n Loricaria and Dactylopterus. F i g . 35 
represents the f o u r s i n g u l a r l y e longated anchylosed ante
r i o r vertebra? i n the Tobacco-pipe fish (Fistularia tabac-
caria). A coalescence o f several vertebra? is more con
s tant a t t he opposite end o f the c o l u m n i n osseous fishes, 
i n order t o f o r m the base o f the caudal fin, w h e n th i s is 
s y m m e t r i c a l i n f o r m , as i n fig. 33 , and i n most e x i s t i n g 
species o f Teleostomi. B u t t h i s m o d i f i c a t i o n is arres ted 
a t d i f f e r e n t stages i n the piscine class. I n Cyclostomi 
t he g r i s t l y par t s o f the vertebra? con t inue d i s t i n c t , w i t h 
g r a d u a l r e d u c t i o n i n size to the taper end o f t h e l o n g t a i l : 
i n Protopteri t he b o n y representat ives o f the caudal ve r 
tebra? behave i n the same w a y : the n o t o c h o r d persists i n 
b o t h orders. I n Murcenidce, w h e r e i t is changed i n t o cen
t r u m s , these also g r a d u a l l y d i m i n i s h i n size, a n d r e m a i n d i s t i n c t 
t o the t a i l - e n d . T h e con t inuous v e r t i c a l f o l d o f s k i n b o r d e r i n g 
the compressed, l o n g , a n d slender t e r m i n a t i o n o f t h e v e r t e b r a l 
c o l u m n is n o t specialised as a caudal fin.1 I n Plagiostomi, Holo-
cephali, Sturionidce, a n d m a n y Ganoidei, t he caudal fin, fig. 
29 , c, is f o r m e d c h i e f l y b y the ha?mal spines and appendages, 
deve loped t o s u p p o r t a l o w e r ' l o b e ; ' t he vertebra? con t inue 
d i s t i n c t t o t h e end o f the t a i l , w h i c h b e n d i n g u p w a r d , seems t o 
f o r m an u p p e r lobe l o n g e r t h a n the l o w e r : t o t h i s u n s y m m e -
t r i c a l t a i l - f i n the t e r m ' h e t e r o c e r c a l ' is app l i ed . B y decreased 

1 This primitive embryonal basis of the piscine tail-fin is not to be confounded, 
because i t is symmetrical as to shape, with the extreme stage of developemental modi
fication constituting the true ' homocercal' type of most existing fishes. 

Anchylosed 
anterior ver
tebras, Pipe-
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(Fistularia) 
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n u m b e r , w i t h progressive conf luence, o f the caudal vertebrae, t he 
* uppe r l o b e ' becomes g r a d u a l l y reduced i n l e n g t h , u n t i l t h e 
s y m m e t r i c a l shape is a t t a ined . B u t th i s coexists i n t h e Sa lmon , 
P e r c h , and m a n y e x t i n c t Ganoids w i t h an u n s y m m e t r i c a l b e n d 
o f the coalesced caudal vertebras i n t o the base o f t h e uppe r lobe. 
I n t r u e 1 homocerca ls ' t he t e r m i n a l bodies o f the caudal vertebrae 
are n o t separately established i n the p r i m i t i v e no tochord , b u t are 
con t inuous ly ossified to f o r m a c o m m o n , compressed, v e r t i c a l l y 
extended, and o f t e n b i f u r c a t e d b o n y p la te , fig. 33 , n'h', f r o m 

w h i c h the neu ra l and haemal arches a n d t h e i r spines 
r a d i a t e : f r o m these elements alone can the n u m b e r o f 
vertebrae o f such caudal fin be e s t i m a t e d ; n o r m a l de
ve lopement p roceeding here i n the p e r i p h e r a l elements, 
as t h r o u g h o u t the v e r t e b r a l c o l u m n i n L e p i d o s i r e n , w h i l s t 
i t is arrested i n the cen t r a l par t s o f the vertebrae. I n 
the Sun- f i sh ( Orthagoriscus mola) i t w o u l d seem as i f a 
r o w o f r u d i m e n t a l vertebrae had been b l ended together 
at r i g h t angles t o the rest o f the c o l u m n , i n order t o 
suppor t the rays o f t h e shor t , b u t v e r y deep caudal 
fin, w h i c h t e rmina tes the sudden ly t r u n c a t e d body o f 
th i s o d d l y shaped fish. 

I t is rare t o find anchylosis save a t t h e ends o f the 
v e r t e b r a l series i n fishes: sometimes, however , i n the 
Pleuronectidce, a k i n d o f sac rum is f o r m e d b y such bony 
u n i o n o f the bodies, c, a n d haemal spines, hs, o f the 
first t w o o f the caudal series, as i n fig. 3 6 ; 1 i n w h i c h 
the b road and deep haemal spines are concave f o r w a r d s , 
and f o r m a sor t o f p e l v i c pos te r ior w a l l o f t h e abdomen. 
I n the H a l i b u t (Hippoglossus) t h e parapophyses o f the 
cor responding vertebrae w i t h those o f t h e las t abdomina l 
are s i m i l a r l y u n i t e d , t h o u g h the bodies r e m a i n d i s t inc t . 
I n Loricaria b o t h the uppe r and l o w e r arches o f a con
siderable p a r t o f the caudal r e g i o n are b l ended together 
i n t o an i n f l e x i b l e s a c r u m ; b u t , as a genera l r u l e , there 
exists no such i m p e d i m e n t to t h e l a t e r a l i n f l ec t ions o f 
the t a i l i n the present class. 

T h e n u m b e r o f t runk-ve r t eb rae is a u s e f u l specif ic 
character i n I c h t h y o l o g y ; and in" c o u n t i n g t h e m the 
coalesced caudals are u s u a l l y r eckoned as { o n e . ' I n the 
Sun- f i sh (Orthagoriscus) I find b u t 8 a b d o m i n a l a n d 8 

SaCTu™ot° fa caudal vertebrae b y d i s t i n c t bodies. I n a G l o b e - f i s h 
( Tetrodon) there are 7 abdomina l and 10 caudal ver tebrae: 

1 Osteol. Collection, Mus. Coll. Chir. No. 188; XLIV. i, p. 50 

hs 

(Rhombus) 
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t o t a l , 1 7 . 1 I n the Conge r there are 162 ver tebra? ; i n the 
Ophidium, 2 0 4 ; i n t h e Gymnotus, 2 3 6 ; and even th i s n u m b e r 
is surpassed i n some Plagiostomes. 

A l t h o u g h t h e vertebra? m a i n t a i n a considerable sameness o f 
f o r m i n the same fish, t h e y v a r y m u c h i n d i f f e r e n t species. T h e 
bodies are c o m m o n l y s u b c y l i n d r i c a l ; as deep, b u t n o t so b road , 
as t h e y are l o n g ; more or less cons t r ic ted i n the m i d d l e , i n some 
t o such a degree as t o present an hour-glass figure. I n Spina-
chorhinus t h e y are e x t r e m e l y s h o r t ; i n Fistularia e x t r e m e l y 
l o n g ; i n Tetrodon 2 t h e y are m u c h compressed ; i n Platyceplxalus 
t h e y are more depressed; i n the t a i l o f the T u n n y the en t i re v e r 
t eb ra is c u b i c a l , 3 w i t h t h e ends h o l l o w e d as usua l , b u t the f o u r 
o ther sides flat, t he uppe r and l o w e r ones b e i n g f o r m e d , i n the 
connected series, b y the n e u r a l and ha?mal arches o f the v e r t e b r a 
i n advance, flattened d o w n and , as i t we re , pressed i n t o cavi t ies 
o n the uppe r and unde r surfaces, o f the c e n t r u m o f the n e x t 
v e r t e b r a ; so t h a t the series is n a t u r a l l y l o c k e d toge ther i n t h e 
d r i e d s k e l e t o n ; and these arches cover n o t the n e u r a l and hasmal 
canals o f t h e i r o w n , b u t o f the succeeding, c e n t r u m . 

T h e p r i n c i p l e o f vege ta t ive r e p e t i t i o n is mani fes ted , i n osseous 
fishes, b y the numerous centres o f oss i f ica t ion, 
f r o m w h i c h shoot o u t b o n y rays a f f o r d i n g ad
d i t i o n a l s t r e n g t h t o m a n y o f the i n t e r m u s c u l a r 
aponeuroses. I n t h i s sys tem o f bones m a y 
be r a n k e d those spines w h i c h are a t tached t o , 
o r near t o , the heads o f t h e r i b s , and e x t e n d 
u p w a r d , o u t w a r d , and b a c k w a r d , be tween the 
dorsal a n d l a t e r a l masses o f muscles, fig. 3 2 , i p, 
fig. 2 1 , pi, a. These ' s c l e r a l ' spines are 
t e r m e d , acco rd ing t o t h e v e r t e b r a l e lement 
t h e y m a y adhere t o , ' ep ineura ls , ' e ep icen-
t ra l s , ' a n d * e p i p l e u r a l s ' ; t h o u g h each m a y 
s h i f t i t s place, r i s i n g or f a l l i n g g r a d u a l l y a long 
the series o f vertebra?. A l l th ree k i n d s are 
present i n the h e r r i n g , fig. 37 , i n w h i c h n a 
is the ' ep ineura l , ' p a t h e ' ep icen t ra l , ' pi a t he e p i p l e u r a l spines. 
T h e l a t t e r have been ca l led ' u p p e r r ib s , ' and i n Polypterus are 
s t ronger t h a n t h e ( ' u n d e r ' ) r i b s themselves. I n Esox a n d 
Thymallus t h e e p i n e u r a l a n d ep i cen t r a l spines are p r e s e n t : i n 
Cyprinus t he ep ineu ra l a n d e p i p l e u r a l ones: i n Perca and Gadus 
t h e m i d d l e series o n l y is f o u n d , pass ing g r a d u a l l y f r o m the 

37 
ns 

n / 

1 r 
U | pi a 

dh 
Abdominal vertebra, 

Herring (filupea) 

1 Osteol. Collection, Mus. Coll. Chir. No. 357, p. 81. 
2 Ib. No. 357. 3 Ib. No. 247. xuv . i, p. 62. 
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par - t o the p leur -apophyses : i n Salmo o n l y the u p p e r series 
exists, developed f r o m the second to the an tepenu l t ima te abdo
m i n a l neurapophysis , i n S. Eriox} T h e r e are, howeve r , g r i s t l y 
representat ives o f epipleurals . I n Glyphysodon t he epip leura ls 
are anchylosed to the r i b s , f o r e s h o w i n g t h e i r n o r m a l c o n d i t i o n 
i n the b i rd ' s t ho rax . A c c o r d i n g to the seat o f t h e i r develope
m e n t t h e y be long to the : s c l e roske le ton : ' b y t h e i r a t tachments 
t o bone t h e y are ' v e r t e b r a l appendages. ' 

T h e v e r t i c a l fo lds o f s k i n f r o m the m i d d l e l i n e , c o n s t i t u t i n g 
the azygos fins, are the seat o f ossifications i n most fishes, develop
i n g a second r o w o f spines, figs. 3 4 , 38 , dn, dn, above t h e neura l , 
n, and a cor responding r o w , dh, dh, b e l o w the haemal, h, spines. 
Some o f these d e r m a l bones, i n c e r t a i n fishes, p r o j e c t as ha rd 
enamel led weapons f r o m the surface o f the body . F r o m the 
bases o f the d e r m a l spines, o ther spines ( f i g 3 4 , in, ih) usual ly 
shoot d o w n w a r d i n t o the i n t e rva l s o f the n e u r a l and haemal spines. 
I n deep-bodied fishes t h e y are b r o a d and s t r o n g , as e. g . i n the 
C o c k - f i s h , fig. 3 8 ; i n the flat-fishes t h e y are doub le , figs. 39 and 
4 0 ; and these modi f i ca t ions are u s u a l l y repeated above and 
be low. B o t h i n t e r n e u r a l and interhaemal spines are commonly 
shaped l i k e daggers, p l u n g e d i n the flesh to t h e h i l t , w h i c h is re

presented b y the p a r t to w h i c h the fin-ray ( d e r m o n e u r a l or 
dermohaemal spine) is a t tached. I n the p la ice t r i b e (Pleuro-
nectido?) these superadded d e r m a l ossif icat ions are developed* 
above the c ran ia l as w e l l as the co rpora l vertebrae ( f i g . 3 9 , dn), 

1 XLIV. i, p. 16. cLra. 
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a n d a long the w h o l e haemal r e g i o n o f the t r u n k , f r o m the head t o 
the t a i l . T h i s w a n t o f correspondence w i t h the n u m b e r o f t h e 
t r u e segments o f the endoskele ton, and the seat o f developement 
o f t he i n t e r - and dermo-neura ls and i n t e r - and dermo-haemals, w i t h 
some m i n o r considerat ions, l e d me , i n 1845, t o subs t i tu te f o r the 
v i e w s and i l l u s t r a t i o n o f the t y p i c a l vertebrae proposed b y G e o f f r o y 
S t . - H i l a i r e , 1 and t h e n accepted and t a u g h t b y Professor R . E . 
G r a n t 2 i n th i s c o u n t r y and b y others abroad, the i n t e r p r e t a t i o n o f 
t h e supposed type -exempla r , w h i c h is contras ted w i t h Geof f roy ' s i n 
fig. 40 . T h e names app l ied b y the F r e n c h ph i losophica l ana tomis t 
t o the several parts o f the combined endo- and exo-ske le ta l segment 

are opposite the l e f t h a n d o f the r e a d e r : those app l i ed to t h e m 
i n m y * A r c h e t y p e o f the S k e l e t o n ' are opposite the r i g h t hand . 

T h e sma l l exogenous process s t and ing o u t f r o m the sides 
o f t he c e n t r u m is a d i smembermen t o f the pa rapophys i s ; i n 
the first caudal ve r t eb ra i t is g i v e n o f f f r o m the base o f the 
parapophysis , increases i n l e n g t h i n the second caudal , rises u p o n 
the side o f the c e n t r u m i n the t h i r d , and becomes d i s t i n c t f r o m 
the parapophysis i n the f o u r t h : i t d imin ishes and disappears i n 
the n i n t h and t e n t h cauda l vertebrae. I n Polypterus a n d Murae -
noids a t ransverse process coexists , f r o m the same cause, w i t h the 
parapophysis . T h i s , i n t h e t w e n t y - f i f t h t r u n k - v e r t e b r a o f 
Murcena Helena,3 b i f u r c a t e s , a n d i n the f o l l o w i n g vertebrae the 

1 Memoires du Mus. 4to, ix. 1822, p. 119, pi. v. 
8 Lectures on Comp. Anat. p. 58. 3 XLIV. p. 14. No. 37. 
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a 
B 

fissure deepens and the f o r k elongates, u n t i l a t t he s e v e n t y - t h i r d 
the l o w e r p r o n g descends a t a r i g h t angle to the uppe r one, and , 
m e e t i n g i t s f e l l o w , f o r m s the haemal arch. T h e r e are no t r u e 

haemapophyses i n the t a i l o f fishes : t he elements there 
composing the haemal a rch are parapophyses, p l eu ra 
pophyses, or b o t h combined . I n the abdomen o n l y are 
haemapophyses represented b y the s u p p o r t i n g bones o f 
the v e n t r a l fins, fig. 4 1 , 64. T h e slender ossicles 
a long i t s unde r p a r t i n the H e r r i n g , fig. 37 , dh, are 
de rma l bones, w h i c h , l i k e the scutes o f serpents, are 
connected w i t h the l o w e r ends o f the r i b s , pi. 

I n the subclass Protopteri t h e no tochord , fig. 4 1 , 
ch, pers is ts : t he n e u r a l arches, n, ns, are oss i f ied: 
the haemal arches i n the abdomen are represented 
b y pa r i a l bones, p, a t tached t o the no tochorda l sheath, 
and c u r v i n g o u t w a r d , l i k e the l o n g parapophyses i n 
the C o d , and the shor t p leurapophyses i n the A m i a 
and Salamander, w i t h w h i c h t h e y , more p robab ly , 
are homologous. These r i b l e t s b e n d d o w n and 
meet a t the b e g i n n i n g o f t h e t a i l , p, t o f o r m the 
haemal a rch and s u p p o r t t h e haemal spines, hs, a long 
t h a t r eg ion . A s i n fishes, t h e L e p i d o s i r e n also de-
velopes i n the con t inuous v e r t i c a l fin-fold the acces
sory ossicles m a r k e d in, ih, i n t h e cu t . 

§ 18. Vertebral column of Batrachia. — Ne i the r 
i n t e r - n o r dermo-neurals are present i n any gano-
cephalan or ba t rachian . I n the f o r m e r amphibious 
order the no tochord persists, b u t w i t h beg inn ings o f 
the ossif icat ion o f c e n t r u m s : 1 i n B a t r a c h i a i t is con
v e r t e d i n t o a series o f separate cen t rums . These i n 
the I c h t h y o m o r p h s are b i c o n i c a l , a n d deep ly cupped 
a t b o t h ends, t h r o u g h the same arres t o f ossif icat ion 
as i n fishes: the deve lopement o f t h e v e r t e b r a goes 
t h r o u g h the same piscine stage i n t h e larvae o f the 
The r iomorphs , as i nd i ca t ed b y the d o t t e d l ines d, fig. 
4 2 ; i n the m a t u r e quadrupeda l stage o f these B a 
t rach ia , ossif icat ion conver ts one t e r m i n a l c u p i n t o a 
b a l l ; w h i c h m a y be the f r o n t one, as i n Pipa, or the 
h i n d one, as i n Rana, and mos t f r o g s a n d toads. I n 
the Land-Sa lamande r , also,, oss i f ica t ion goes t o th is 
stage, w i t h the b a l l i n f r o n t . 

a 
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•a 
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3 

Endo- and exo-ske-
letal elements of a 
caudal vertebra of 
the Plaice, XL Lectures on Comp. Anat. p. 194, Fig. 84. 
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T h e S i r e n l ace r t ina has be tween e i g h t y and n i n e t y t runk-ver tebrae . 
T h e y have m a n y l o n g i t u d i n a l r idges, the neu ra l a rch has coalesced 
w i t h t h e c e n t r u m , the n e u r a l spine f o r m s the h ighes t r i dge and 
b i fu rca t e s p o s t e r i o r l y to t e r m i n a t e u p o n the zygapophysis . A 

Skeleton of Lepidosiren annectens. XXXIII. 

hypapophys i a l r i d g e f o r m s , b y defec t o f ossif icat ion on each side, 
t he unde r p a r t o f the c e n t r u m . A parapophys ia l r i dge extends 
f r o m a shor t an te r io r parapophysis t o the longe r parapophys ia l 
p a r t o f the pos ter ior t ransverse process. A d iapophys ia l r i dge 
extends above, and n e a r l y pa ra l l e l w i t h the f o r m e r , f r o m the 
an te r io r zygapophysis t o the d iapophys ia l p a r t o f the pos ter ior 
t ransverse process. Thence a t h i r d shor t r i dge is c o n t i n u e d to the 
pos ter ior zygapophysis . T h e vacui t ies be tween these several r idges 
resemble those i n the vertebrae o f some fishes. T h e b o d y o f the 
atlas extends f o r w a r d l i k e a shor t odon to id process: shor t par-
a n d d i -apophys ia l plates are developed f r o m each side o f the atlas, 
w h i c h has also the pos ter ior zygapophyses. I n the second ve r t eb ra 
the pa r - and d i - apophys ia l plates have u n i t e d to f o r m a c o m p o u n d 

t ransverse process, w h i c h suppor ts a shor t s t r a i g h t p leurapophys i s . 
These elements are s i m i l a r l y deve loped f r o m s ix or seven succes
sive vertebrae. I n t h e t a i l t h e v e r t e b r a is compressed and v e r t i c a l l y 
ex tended b y t h e b e n d i n g d o w n o f t h e pa rapophys ia l plates t o f o r m 
t w o v e r t i c a l w a l l s , i n t e r c e p t i n g a haemal canal . I n the P r o t e u s , 
w h i c h has about s i x t y t runk-ve r t eb rae , t he t h i r d t o the n i n t h i n 
c lus ive s u p p o r t sho r t r i b s , a t t ached t o the l o w e r ( p a r a p o p h y s i a l ) 



48 ANATOMY OF VERTEBRATES. 

Skeleton of the Menopome 
M. Alleghanniense, 

or Protonopsis 

h a l f o f the transverse process : t h e y are w a n t i n g 
i n the t w e n t y - o n e f o l l o w i n g vertebra?, and re 
appear, w e l l developed, i n the t h i r t y - f i r s t , where 
t h e y f o r m w i t h ca r t i l ag inous haemapophyses, a 
pe lv i c arch. I n the M e n o p o m e , fig. 4 3 , the 
second to the n ine t een th vertebra? suppor t short 
s t r a igh t pleurapophyses , a r t i c u l a t e d to the ends 
o f t ransverse processes f o r m e d b y par- and d i 
apophyses, w h i c h i n t e r c e p t b y t h e i r t e r m i n a l 
confluence an a r t e r i a l canal . These processes, 
t, are enlarged i n the t w e n t i e t h ve r t eb ra , s, and a 
second r i b - l i k e piece, 62, the h o m o t y p e o f the 
second p a r t o f the scapula i n fishes, is a r t icu la ted 
to the short and t h i c k r u d i m e n t a l r i b , pi; the 

I i n f e r i o r or haemal a rch 63, 64, b e i n g car t i laginous. 
T h e segment thus comple ted b y the haemal arch, 

J represents a so-called ' s a c r a l ' v e r t e b r a : the 
second d i v i s i o n o f i t s r i b answers t o the e i l i u m , ' 
62, and the haemal car t i lage t o the ' i s ch ium, ' or 
' p u b i s . ' Transverse processes t, progressively 
decreasing i n l e n g t h are developed f r o m the six 

J succeeding vertebrae. B o n y pleurapophyses pi, 
| are a t tached to the first o f these, and car t i la
g inous r u d i m e n t s o f t h e same element to the 

I th ree f o l l o w i n g . Haemal arches are anchylosed 
to the unde r p a r t o f the c e n t r u m o f the second 

j t o the t w e l f t h caudal v e r t e b r a i nc lus ive , and 
I these become more compressed to the end o f the 
t a i l , f o r the suppor t o f a v e r t i c a l fin. T h e neura l 
arches are b road , depressed, anchylosed to the 
c e n t r u m : t h e y are comple te to the f o u r t e e n t h 
caudal ver tebra . T h e b o d y o f the atlas pre
sents an odon to id process b e t w e e n the t w o a r t i 
cu la r surfaces f o r the o c c i p i t a l c o n d y l e s ; i t is 
deeply cupped b e h i n d , as are the succeeding 
vertebrae a t b o t h ends. T h i s v e r t e b r a has nei ther 
d i - no r pleur-apophyses . 

T h e ske le ton o f the N e w t ( Triton) resembles 
tha t o f the M e n o p o m e i n i t s genera l characters ; the 
n e u r a l and haemal spines are more p r o d u c e d i n the 

?long t a i l , s u p p o r t i n g there the c h i e f s w i m m i n g 
o rgan o f th i s aquat ic ba t rach ian . I n one k i n d 
the r ibs are more developed, occasioning the sub-
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genus ca l led Pleurodeles. I n the l a n d Salamander the backbone 
is s t reng thened b y the bal l -and-socket a r t i c u l a t i o n o f the t r u n k -
vertebra?. C u v i e r notices a cur ious inconstancy i n the place o f 
a t t achment o f t h e pe lv i c a rch , sometimes to the fifteenth, some
t imes t o the s ix t een th , 
and i n one instance sus- * 
pended b y the r i g h t p ie r 
t o t h e s i x t e e n t h , b y the 
l e f t t o the seventeenth, 
ve r t eb ra , i n Sdlaman-
dra atra.1 

T h e ophiomorphous 
bat rachia are r e m a r k 
able f o r the m u l t i p l i c i t y , 
the the r iomorphous f o r 
the p a u c i t y , o f d i s t i n c t 
vertebra? i n the t r u n k ; 
these l a t t e r have t h e 
bal l -and-socket a r t i c u l a 
t i o n . T h e f r o g , fig. 4 4 , 
A , has n ine vertebra? 
a n d the coccygeal s ty l e 
c; b u t b y coalescence o f 
t h i s w i t h the sacrum, 
a n d o f the atlas w i t h the 
second ve r t eb ra , i n the 
S u r i n a m toad (Pipa), t h e 
n u m b e r o f d i s t i nc t t r u n k -
segments is i n t h a t 
species reduced to seven. 

I n Rana boans t h e 
atlas has no d i apophy 
ses ; b u t t h e y are present 
and o f g rea t l e n g t h i n 
the succeeding vertebra? 
to the sac rum i n c l u s i v e , w h e r e t h e y are t h i c k a n d s u p p o r t b y 
t h e i r t r unca t e ends t w o l o n g r i b - l i k e bones, i b . A , 62, w h i c h 
expand at t h e i r d i s t a l ends, a n d u n i t e t he re to t w o p a r t i a l l y 
anchylosed b o n y plates, 64, w h i c h comple te the ha?mal a rch o f the 
n i n t h segment o f the t r u n k . T h e super ior deve lopement o f t h i s 
a r ch relates to the g rea t size a n d s t r e n g t h o f i t s appendages — 

1 cxi. torn. v. pt. i i . p. 413. 
E 
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the h inde r e x t r e m i t i e s — i n the tailless order , especial ly the f rogs . 
I n the seven vertebrae be tween the atlas and sacrum, t w o zyga-
pophyses l o o k i n g u p w a r d are developed f r o m the f o r e pa r t , and 
t w o l o o k i n g d o w n w a r d f r o m the back p a r t o f the n e u r a l a r c h ; 
there is also a shor t spine. 

I n the T o a d (Bufo vulgaris) the n u m b e r o f t runk-ver tebrae , fig. 
4 4 , B , is the same as i n the F r o g s , b u t the diapophyses o f the t h i r d 
and f o u r t h vertebrae are r e l a t i v e l y longer , those o f the sacral 
ve r tebra , s, r e l a t i v e l y shorter , broader , and expanded so as to over
lap the i l i a , w h i c h are shorter and more arched. I n Cystignathus 
pachypus the sacral diapophyses are s u b c y l i n d r i c a l . I n Pipa the 
diapophyses o f the second and t h i r d vertebrae are o f unusual 
l e n g t h , and suppor t semi-ossif ied, shor t , flattened pleurapophyses. 
T h e diapophyses o f the f o u r succeeding vertebrae are shor t and 
s lender ; those o f the sacrum are more expanded t h a n i n the toad, 
and rest u p o n the an te r io r halves o f the i l i a c bones. T h e coccy
geal s ty le shows, i n most anourans, a s imple anchylosed neural 
canal , and also a haemal canal, as a t h, D , fig. 44 . 

I n the Oph iomorphs ( Ccecilice) the vertebrae, besides b e i n g ve ry 
numerous , are biconcave. 

§ 19. Vertebral column of Ichthyopterygia.—In an ex t inc t 
order (Ichthyopterygia) o f D i p n o a l R e p t i l e s , m o d i f i e d f o r marine 
l i f e , b u t b r e a t h i n g a i r , the t runk-ver tebrae w e r e v e r y numerous, 
v e r y shor t , and b i concave ; the cen t rums r ema ined d i s t i nc t f r o m 
the neu ra l and haemal arches, and were l i g a m e n t o u s l y , n o t sutur-
a l l y , u n i t e d the re to . I n the Ichthyosaurus communis, fig. 105, 
there are about 140 vertebrae; i n the an t e r io r s ix teen a short 
parapophysis is developed f r o m the side o f the c e n t r u m , and 
a diapophysis f r o m the base o f the n e u r a l a r c h ; b u t th i s soon 
begins to p ro j ec t f r o m the neurapophys ia l bo rde r o f the cen t rum, 
and t h e n f r o m the side o f the c e n t r u m b e l o w t h a t border . I t 
cont inues g r a d u a l l y to s i nk i n pos i t i on u n t i l , a t abou t the f o r t i e t h 
ve r tebra , i t blends w i t h the parapophysis , w h i c h alone continues 
to represent a transverse process, as f a r as a t abou t the e igh t i e th 
ve r t eb ra , 1 where i t disappears and the succeeding cen t rums become 
compressed, i n d i c a t i n g the v e r t i c a l pos i t i on o f the d e r m a l t a i l - f i n 
w h i c h t hey suppor ted . T h e atlas and axis c en t rums become 
anchylosed b y flat sur faces ; b u t each suppor ts i t s o w n neura l 
arch. B e t w e e n the l o w e r p a r t o f the atlas a n d the occ ip i t a l 
condyle is a wedge-shaped hypapophys i s , r ep re sen t i ng t h e p a r t 
cal led < b o d y o f the a t l a s ' i n a n t h r o p o t o m y : a s i m i l a r bone is 

1 A dislocation or fracture commonly occurred at this part between the death and 
final imbedding of the decomposing animal ; CLXI. 
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w e d g e d b e t w e e n t h e atlas and axis , a t h i r d be tween th i s and the 
t h i r d v e r t e b r a ; a l l t e n d i n g to s t reng then and s t i f f en the p a r t o f 
the v e r t e b r a l c o l u m n sus ta in ing the s k u l l , and add ing to i t s power 
o f d i sp lac ing the w a t e r i n the agile movements o f th i s anc ient 
p r e d a t o r y aquat ic a n i m a l . 1 A s i n Fishes , also, the c o n t i n u i t y o f 
the b road occ ipu t w i t h the t r u n k was u n i n t e r r u p t e d b y any cerv ica l 
cons t r i c t i on . T h e r ib s commence at the second ve r t eb ra , b u t b y 
a b i f u r c a t e h e a d ; and so con t inue , a r t i c u l a t i n g w i t h b o t h par- and 
di-apophyses u n t i l t he confluence o f those processes, w h e n t h e y 
become single-headed. T h e r ibs r a p i d l y increase i n l e n g t h , w h i c h 
is greatest a t the m i d d l e o f the thorac ic -abdomina l c a v i t y , and 
t h e n g r a d u a l l y d i m i n i s h t o shor t and s t r a igh t appendages, resem
b l i n g detached transverse processes, i n the t a i l . T h e longe r r i b s 
are g rooved l o n g i t u d i n a l l y ; t h e i r l o w e r ends are u n i t e d to haem
apophyses, s u b d i v i d e d i n t o t w o or th ree o v e r l a p p i n g slender 
por t ions , the lowes t a r t i c u l a t i n g w i t h a med ian t ransverse s ty l e , 
p o i n t e d a t each end, r ep resen t ing the haemal spine, and c o m p l e t i n g 
t h e haemal a rch i n the abdomen. I n the t a i l t he haemapophyses 
are s imple , and a t tached b y l i g a m e n t , above to the c e n t r u m , a n d 
b e l o w to one another . 

§ 20 . Vertebral column of Sauropterygia.—In th i s e x t i n c t 
o rder o f aquat ic R e p t i l e s the v e r t e b r a l bodies had t h e i r t e r m i n a l 
a r t i c u l a r surfaces e i ther f l a t or s l i g h t l y concave, o r w i t h the 
m i d d l e o f such c a v i t y a l i t t l e convex. I n ce r t a in genera the 
neck-vertebrae were u n c o m m o n l y n u m e r o u s ; t h i s was r e m a r k a b l y 
so i n the Plesiosaurus, fig. 4 5 , i n w h i c h those vertebrae consist o f 
c e n t r u m , n e u r a l a rch , and pleurapophyses . T h e l a t t e r are w a n t i n g 
i n the first v e r t e b r a ; b u t b o t h t h i s and the second have the 
hypapophyses . T h e ce rv i ca l r i b s are shor t , and expand a t t h e i r 
f r e e end. T h e y a r t i cu l a t e b y a s imple head to a sha l low p i t , w h i c h 
is r a r e l y suppor t ed o n a process, o n the side o f t h e c e n t r u m . 
T h e body o f the atlas a r t icu la tes w i t h a la rge hypapophys i s 
be low, w i t h the neurapophys is above, w i t h the b o d y o f the axis 
b e h i n d , a n d w i t h p a r t o f the o c c i p i t a l condy le i n f r o n t ; and a l l 
t he a r t i cu l a t i ons , save the last , m a y become o b l i t e r a t e d b y 
anchylosis . T h e hypapophys i s f o r m s the l o w e r t w o - t h i r d s , t h e 
neurapophysis con t r i bu t e s the u p p e r and l a t e r a l par ts , a n d the 
c e n t r u m f o r m s the m i d d l e or b o t t o m o f the c u p f o r the o c c i p i t a l 
condy le . T h e second hypapophys i s becomes . conf luen t w i t h t h e 
i n f e r i o r interspace b e t w e e n t h e bodies o f the atlas and ax i s . 2 A s 
t h e ce rv i ca l vertebrae approach t h e dorsa l , t he costal p i t g r a d u a l l y 

1 CLXV. 2 CLXVI. 
E 2 
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rises f r o m the c e n t r u m to the 
neurapophysis . T h i s takes 
place a t the f o r t i e t h ve r t eb ra 
i n the Plesiosaurus liomdlo-
spondylus o f the W h i t b y L i a s , 
b u t , i n the PI. dolichodeirus, 
fig. 4 5 , o f the Dorse tsh i re 
L i a s , a t abou t the t h i r t i e t h , c. 
T h e dorsal r e g i o n is a r b i t r a r i l y 
commenced b y the ve r t eb ra i n 
w h i c h the costal surface begins 
to be suppor t ed o n a diapo-
p h y s i s ; th i s progress ively i n 
creases i n l e n g t h i n the second 
and t h i r d dorsa l , continues as 
a t ransverse process to near 
t h e end o f the t r u n k , and on 

'9 the ve r t eb ra , s, be tween the 
i l i ac bones, 62, i t subsides to the 
l e v e l o f the neurapophysis . I n 
the caudal vertebra? the costal 
surface g r a d u a l l y descends f r o m 
the neurapophys is u p o n the 
side o f the c e n t r u m ; i t is 
never d i v i d e d b y the l o n g i t u 
d i n a l g roove w h i c h , i n most 
Plesiosauri, indents t ha t sur
face i n the ce rv i ca l vertebra?. 
T h e n e u r a l arches are com
m o n l y unanchy losed w i t h the 
c e n t r u m . T h e l o n g and large 
spinous processes, i n contact 
a long the t r u n k and base o f the 
neck , m u s t have res t r i c t ed the 
b e n d i n g movements ch ie f ly to 
the l a t e r a l d i rec t ions . The 
pleurapophyses g a i n i n l eng th , 
and lose i n t e r m i n a l b read th , 
i n t he h i n d e r c e r v i c a l s ; and 
become l o n g a n d slender r ibs 
i n the dorsal r e g i o n , c u r v i n g 
o u t w a r d and d o w n w a r d so as 
to encompass the u p p e r t w o -
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t h i r d s o f the thorac ic -abdomina l c a v i t y . T h e y decrease i n l e n g t h 
a n d c u r v a t u r e as t h e y approach the t a i l , whe re t h e y are reduced 
t o shor t s t r a i g h t pieces, as i n the neck, b u t are n o t t e r m i n a l l y 
e x p a n d e d ; t h e y cease to be developed near the end o f the t a i l . 
T h e haemapophyses i n the abdomina l r eg ion , are subd iv ided , 
a n d w i t h the haemal spine or med ian piece, f o r m a k i n d o f 
f p l a s t r o n ' o f t ransverse ly extended, s l i g h t l y ben t , med ian and 
l a t e r a l , o v e r l a p p i n g b o n y bars, o c c u p y i n g the subabdomina l space 
b e t w e e n the scapular, 52, and pe lv i c , 64, arches. I n the t a i l the 
haemapophyses are shor t and s t r a igh t , and r e m a i n , as i n t h e 
I c h t h y o s a u r u s , u n u n i t e d b o t h above and be low. O n e Sauro-
p t e r y g i a n genus, Tanystropheus, had the c e n t r u m , i n c e r t a i n 
vertebrae, so l o n g and h o l l o w as t o s imula te a l imb-bone . I n 
another genus, (Pliosaurus) t h e y w e r e as short , i n the ce rv ica l 
r e g i o n , as i n the Ichthyosaurus. I n a t h i r d genus (Nothosaurus) 
t w o vertebrae are recognised as sacral b y t h e i r t h i c k , s t r a igh t , and 
convergen t pleurapophyses , o f w h i c h the first overlaps the second. 
I n a f o u r t h genus the wedge-shaped hypapophyses occur a t t h e 
l o w e r interspaces o f the dorsal and l u m b a r vertebrae, whence i t s 
name, Sphenosaurus. 

§ 2 1 . Vertebral column of Ophidia.—Amongst e x i s t i n g Rep t i l e s , 
t he Serpents (Ophidia) surpass a l l others i n the vast n u m b e r o f 
t h e i r vertebrae, w h i c h , w i t h i ncomple t e haemal arches, compose the 
ske le ton o f the l o n g , slender, l imbless t r u n k , fig. 46 . 

I n a l l these vertebrae the autogenous elements, except the 
pleurapophyses , fig. 4 6 , pi, coalesce w i t h one another , and t h e 
pleurapophyses become anchylosed to the diapophyses i n the t a i l . 
T h e r e is no t race o f su tu re b e t w e e n the n e u r a l a rch , fig. 4 7 , 
ns, z, and c e n t r u m , c. T h e ou te r substance o f the ve r t eb ra is 
compact , w i t h a smooth or po l i shed surface. T h e vertebrae are 
' p rocoe l i an ; ' t h a t i s , t h e y are a r t i c u l a t e d toge the r b y b a l l - a n d -
socket j o i n t s , t he socket b e i n g o n the f o r e p a r t o f the c e n t r u m , fig. 
47 A , w h e r e i t f o r m s a deep c u p w i t h i t s r i m sha rp ly d e f i n e d ; 
the c a v i t y l o o k i n g n o t d i r e c t l y f o r w a r d , b u t a l i t t l e d o w n w a r d , 
f r o m the greater p rominence o f the u p p e r b o r d e r : t he w e l l - t u r n e d 
p r o m i n e n t b a l l t e rmina tes the back p a r t o f the c e n t r u m ra the r 
more o b l i q u e l y , i t s aspect b e i n g b a c k w a r d and u p w a r d , fig. 4 7 , 
c. T h e hypapophys i s , h, is developed i n d i f f e r e n t p r o p o r t i o n s 
f r o m d i f f e r e n t vertebrae, b u t t h r o u g h o u t the grea ter p a r t o f the 
t r u n k presents a considerable size i n the cobra , 4 6 , hy, a n d 
crota lus , figs. 4 7 , 47 A , h: i t is shor ter i n the p y t h o n and boa. 
A vascular canal per fora tes the u n d e r surface o f the c e n t r u m , and 
the re are sometimes t w o or even th ree smal ler f o r a m i n a . I n the 
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p y t h o n a large , v e r t i c a l l y ob long , b u t shor t d iapophysis extends 
f r o m the fo re pa r t o f the side o f the c e n t r u m o b l i q u e l y b a c k w a r d : 

i t is covered b y the ar
t i c u l a r surface f o r the 
r i b , is convex l eng thwise 
a n d convex v e r t i c a l l y 
at i t s u p p e r ha l f , b u t 
s l i g h t l y concave a t i ts 
l o w e r ha l f . I n the 
ra t t lesnake the diapo
physis developes a small , 
c i r cumsc r ibed , a r t icu la r , 
t u b e r c l e , i b . d, f o r the 
e v e r t e b r a l r i b ' or p leur
apophysls , pi; a parapo
p h y s i s , ^ , extends d o w n 
w a r d and f o r w a r d below 
the l e v e l o f the cen
t r u m ; t h e an te r ior zy
gapophysis , z, is sup
p o r t e d b y a process, 
i b . d", f r o m the upper 
end o f the diapophysis. 
T h e base o f the neura l 
a r ch swel ls o u t w a r d 
f r o m i t s confluence w i t h 
the c e n t r u m , and de
velopes f r o m each angle 
a t ransverse ly-e longated 
zygapophys i s ; t h a t f r o m 
the an t e r io r angle, z, 
l o o k i n g u p w a r d , tha t 
f r o m the pos ter ior angle, 
z', d o w n w a r d ; b o t h sur
faces b e i n g flat, and 
a lmost h o r i z o n t a l , as i n 
the Ba t rach ians . T h e 
n e u r a l canal is n a r r o w ; 
the n e u r a l spine, ns, is o f 
modera te h e i g h t , about 

Skeleton of the cobra (Naija tripudians) i , 
equa l t o i t s a n t e r o p o s 

t e r i o r e x t e n t ; i t is compressed and t runca te . A wedge-shaped 
process, ' zygosphene, ' zs, is developed f r o m the f o r e p a r t o f the 
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47 

Two vertebras of the Rattlesnake 
(firotalus) 

base o f the s p i n e ; the l o w e r apex o f the wedge be ing , as i t we re , 
c u t o f f , and i t s s lop ing sides presen t ing t w o smooth, flat, a r t i c u l a r 
surfaces. T h i s wedge is received i n t o a c a v i t y , t he e z y g a n t r u m , ' 
excava ted i n the poster ior expansion o f the n e u r a l a rch , a n d 
h a v i n g t w o smooth a r t i cu l a r surfaces to w h i c h the zygosphenal 
surfaces are adapted. T h u s the vertebrae o f serpents a r t i cu la te 
w i t h each other b y e igh t j o i n t s i n add i t i on to those o f the cup and 
b a l l o n the c e n t r u m ; and i n t e r l o c k b y par ts r e c ip roca l l y r e c e i v i n g 
a n d e n t e r i n g one another , l i k e the j o i n t s ca l led t enon-and-mor t ice 
i n c a r p e n t r y , fig. 47 . I n the caudal vertebrae, t he hypapophys i s 
is doub le , the t r a n s i t i o n b e i n g ef fec ted b y 
i t s progressive b i f u r c a t i o n i n the pos ter ior 
abdomina l vertebrae. T h e diapophyses be
come m u c h longe r i n the caudal vertebrae, 
and suppor t i n the an te r io r ones shor t r i b s 
w h i c h u s u a l l y become anchylosed to t h e i r 
ex t remi t i es . 

T h e pleurapophyses o r v e r t e b r a l r i b s 
have an o b l o n g a r t i c u l a r surface, concave 
above and a lmost flat b e l o w i n the P y t h o n , 
w i t h a t ube rc l e developed f r o m the uppe r 
pa r t , and a r o u g h surface excavated o n the f o r e p a r t o f t h e ex
panded head f o r t h e i n se r t i on o f the precostal l i gamen t . T h e y 
have a l a rge m e d u l l a r y c a v i t y , w i t h dense b u t t h i n w a l l s , and a 
fine cancellous s t r u c t u r e a t t h e i r a r t i c u l a r ends. T h e i r l o w e r end 
suppor ts a shor t ca r t i l ag inous haemapophysis, w h i c h is a t tached 
to the b road and stiff" abdomina l scute. These scutes, a l t e r n a t e l y 
raised a n d depressed b y muscles a t tached 
t o the r ib s and i n t e g u m e n t , a i d i n the g l i d 
i n g movemen t s o f se rpen ts ; a n d t h e r i b s , 
l i k e t h e legs i n t h e cent ipede , subserve 
l o c o m o t i o n ; b u t t h e y have also accessory 
f u n c t i o n s i n r e l a t i o n t o b r e a t h i n g and c o n 
s t r i c t i o n . T h e an t e r i o r r i b s i n the cobra , 
fig. 4 6 , pi, are u n u s u a l l y l o n g , a n d are 
s l i g h t l y b e n t ; t h e y can be f o l d e d back one 
u p o n another , a n d can be d r a w n f o r w a r d , 
o r erected, w h e n t h e y sus ta in a f o l d o f 
i n t e g u m e n t , p e c u l i a r l y co lou red i n some species — e.g., t h e 
spectacled cobra — and w h i c h has t h e e f fec t o f m a k i n g t h i s 
venomous snake m o r e conspicuous a t t he m o m e n t w h e n i t is 
a b o u t t o i n f l i c t i t s dead ly b i t e . T h e r i b s commence i n t h e 
cobra , as i n o ther serpents , a t t he t h i r d v e r t e b r a f r o m the head. 

47A 

Front view of a vertebra, 
Rattlesnake 
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T h e c e n t r u m o f the first ve r t eb ra coalesces w i t h t h a t o f the 
second, and i t s place is t a k e n b y an autogenous h y p a p o p h y s i s : 
t h i s , i n the p y t h o n , is a r t i cu l a t ed b y su tu re t o the neurapophyses ; 
i t also presents a concave a r t i c u l a r surface a n t e r i o r l y f o r the l ower 
p a r t o f the bas ioccipi ta l t ube rc l e , and a s imi la r surface b e h i n d f o r 
the detached cen t ra l p a r t o f the b o d y o f the atlas, or £ odonto id 
process o f the axis . ' T h e base o f each neurapophysis has an 
an te ro - in te rna l a r t i cu l a r surface f o r the exocc ip i t a l t ube rc l e , the 
m i d d l e one f o r the hypapophys is , and a pos te ro - in te rna l surface 
f o r the uppe r and l a t e ra l par ts o f the o d o n t o i d ; t h e y thus rest on 
b o t h the separated parts o f t h e i r p rope r c e n t r u m . T h e neura
pophyses expand and arch over the n e u r a l canal , b u t meet 
w i t h o u t coalescing. T h e r e is no n e u r a l spine. E a c h neura
pophysis developes f r o m i t s uppe r a n d h inde r border a short 
zygapophysis , and f r o m i t s side a s t i l l shor ter diapophysis . I n 
the second ver tebra , t he odon to id presents a convex tuberc le 
a n t e r i o r l y , w h i c h fills u p the a r t i c u l a r c a v i t y i n the atlas f o r the 
occ ip i t a l t u b e r c l e ; be low th i s is the surface f o r the hypapophys ia l 
p a r t o f the atlas, and above and b e h i n d i t are the t w o surfaces 
f o r the a t l an ta l neurapophyses. T h e w h o l e pos te r ior surface o f 
the odon to id is anchylosed t o the p roper c e n t r u m o f the axis , and 
i n p a r t t o i t s hypapophys is . T h e n e u r a l a rch o f the axis de
velopes a shor t r ibless diapophysis f r o m each side o f i t s base; a 
t h i c k s u b - b i f i d zygapophysis f r o m each side o f the posterior 
m a r g i n ; and a modera te ly l o n g ben t -back spine f r o m i t s upper 
pa r t . T h e c e n t r u m terminates i n a b a l l b e h i n d , and be low this 
sends d o w n w a r d and b a c k w a r d a l o n g hypapophys i s . 

A t the opposite ex t reme o f the e longated b o d y , t w o or three 
m u c h s i m p l i f i e d vertebrae are u s u a l l y f o u n d b l ended t o g e t h e r ; they 
suppor t the h o r n y r i n g s f o r m i n g the w a r n i n g r a t t l e o f the Cro-
talus. T h e r e is no s t e r n u m i n t r u e O p h i d i a . 

T h e skele ton o f the P y t h o n (P. tigris)1 has 2 9 1 vertebrae, o f 
w h i c h the 3 r d to the 251st suppor t movab le r i b s . T h e 74 
an te r io r vertebrae develope hypapophyses . T h e ske le ton o f the 
Boa constrictor2 has 305 vertebrae, a hypapophys i s b e i n g developed 
f r o m the 60 an ter ior ones. I n the ske le ton o f a Ra t t l e - snake 
(Crotalus horridus)3 w i t h 194 vertebrae, 168 s u p p o r t movab le 
r i b s , and a l l these develope hypapophyses , fig. 4 7 , h, as l o n g as the 
n e u r a l spines, ns. I n the Naja, fig. 4 6 , as m a n y vertebrae have 
the l o w e r process, b u t o f less l e n g t h . I n the R o u g h Tree-snake 
(Deirodon scaber)4 w i t h 256 vertebrae, a hypapophys i s pro jec ts 

1 XLIV. vol. i . No. 602, p. 123. 2 Ib., No. 630, p. 132. 
s Ib., No. 640, p. 135. 4 Ib., No. 638, p. I34! 
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f r o m the 32 an te r io r ones, d i rec ted b a c k w a r d i n the first t e n , and 
f o r w a r d i n the las t t e n , where t h e y are u n u s u a l l y l o n g , and t i p p e d 
w i t h a coat o f h a r d dent ine ; these per fora te the oesophagus, and 
serve as t ee th . T h e j a w s are m e r e l y roughened b y rud imen t s o f 
t ee th . T h e r e l a t i o n o f th i s s ingu la r c o n d i t i o n o f the ce rv ica l 
hypapophyses a n d the m o d i f i c a t i o n o f the den ta l sys tem to the 
f o o d o f the Deirodon w i l l be expla ined i n the chapter on tee th . 

§ 22 . Vertebral column of Lacertia. — T h e anguine or snake
l i k e r ep t i l e s , w i t h fixed upper - jaws and a 
scapular a rch , pass g r a d u a l l y , b y other f o r m s 
w i t h r u d i m e n t s o f l i m b s (Pseudopus), t o the 
s lender-bodied l ong - t a i l ed lacert ians. T h e d is 
t i n c t i o n is ef fected t h r o u g h t h e es tabl ishment 
o f a costal a rch i n the t r u n k , comple ted b y the 
a d d i t i o n o f a haemal spine ( s t e r n u m ) and haema
pophyses ( s t e rna l r i b s ) t o the pleurapophyses 
or v e r t e b r a l r i b s , w h i c h are alone ossif ied i n 
Ophidia. 

T h e vertebrae o f the t r u n k have the same procoelian character , 
i . e., w i t h the cup an te r io r and the b a l l b e h i n d , fig. 48 ; the l a t t e r , 
c, b e i n g u s u a l l y less p r o m i n e n t , more o b l i q u e , and more t rans
verse ly o v a l t h a n i n serpents. T h e vertebrae also are c o m m o n l y 
l a rge r , and a lways f e w e r i n n u m b e r t h a n i n the t y p i c a l O p h i d i a . 

Those o f the Iguanas r e t a i n the superadded a r t i c u l a r surfaces 
o f t he zygosphene, fig. 48 , zs, and z y g a n t r u m ; b u t I have n o t 
m e t w i t h these superadded processes i n o ther lacert ians. I n the 

Fore part of skeleton of a Lizard 

Geckos the vertebrae are, e x c e p t i o n a l l y , b i concave . 1 T h e r ib s do 
n o t b e g i n t o be deve loped so near t h e head as i n O p h i d i a . N o t 
o n l y the atlas a n d denta ta , b u t the t h i r d ve r t eb ra , fig. 4 9 , and 
somet imes , as i n t h e M o n i t o r ( Varanus), t he f o u r f o l l o w i n g v e r t e 
brae, are d e v o i d o f p l eu rapophyses : w h e n these first appear t h e y 

1 See those of the subgenus Rhjnchocephalus, XLIV. vol. i . No. 662, p. 142. 
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are shor t , as a t a; b u t elongate i n succeeding vertebra?, b to e; 
and u sua l ly a t the e i g h t h , 
or n i n t h , fig. 4 9 , / , 6, 
(Lacerta), f r o m the head 
or t e n t h (Varanus), t hey 
are j o i n e d t h r o u g h the 
m e d i u m o f ossified haema
pophyses t o the ster
n u m . T w o ( Varanus),three 
( Chameleo, Iguana), or f o u r 
(Cyclodus), f o l l o w i n g ver
tebrae are s i m i l a r l y com
p l e t e d ; and t h e n the haema
pophyses are e i ther u n i t e d 
b e l o w w i t h o u t i n t e r v e n i n g 
s t e r n u m ( Chameleo), or t w o 
or th ree o f t h e m are j o ined 
b y a c o m m o n car t i lage to 
the car t i l ag inous end o f 
t h e s t e r n u m . T h e haema
pophyses a f t e rwards p ro
j e c t f r e e l y , and are reduced 
t o shor t appendages to 
t h e pleurapophyses. These 
also shor ten , and sometimes 
sudden ly , as, e. g . , a f ter 
the e igh teen th v e r t e b r a i n 
the "Moni tors ( Varanus), i n 
w h i c h t h e y e n d at the 
t w e n t y - e i g h t h ve r t eb ra , as 
t h e y began, v i z . , i n the 
f o r m o f shor t s t r a i g h t ap
pendages t o t h e diapo
physes. 

T h e Draco volans, fig. 
50 , is so ca l led o n account 
o f the w i n g - l i k e expansions 
f r o m the sides o f i t s body , 
suppor ted , l i k e t h e hood o f 
the cobra, b y slender e lon
ga ted r i b s . I n t h i s l i t t l e 
l i z a r d the re are t w e n t y 

vertebrae s u p p o r t i n g movable r i b s , w h i c h commence a p p a r e n t l y 
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a t t he fifth. Those o f the e i g h t h ve r t eb ra first j o i n the s t e r n u m , 
as do those o f the n i n t h and t e n t h ; the pleurapophyses o f the 
e l even th v e r t e b r a sudden ly acqui re ex t reme l e n g t h ; those o f t h e 
f o u r f o l l o w i n g vertebrae are also l o n g and s lender ; t h e y ex t end 
o u t w a r d a n d b a c k w a r d , and suppor t the parachute f o r m e d b y t h e 
b road l a t e r a l f o l d o f the abdomina l in t egument s . T h e p leurapo
physes o f t h e succeeding vertebrae r a p i d l y shor ten. T h e sacrum 
consists o f t w o vertebrae. T h e r e are abou t fifty caudal vertebrae. 

T h e semi-ossified s t e r n u m i n the I g u a n a has a med i an 
g roove a n d fissure, and r ead i l y separates i n t o t w o l a t e r a l 
moiet ies . T h e l o n g s tem o f the e p i s t e r n u m covers the ou te r 
p a r t o f the g roove , where i t represents the e k e e l ' o f the s t e r n u m 
i n b i rds . 

T h e t w o sacral vertebrae r e t a i n , i n most L a c e r t i a n s , t he c u p -
and-ba l l j o i n t s ; and i n t h e Sc incks , w h e r e t h e y coalesce, the 
second presents a b a l l t o the first caudal . Haemapophyses are 
w a n t i n g i n t h e first caudal , commence i n the second, b u t are 
displaced t o the i n t e r v a l b e t w e e n th i s and the t h i r d ; t h e y are 
con f luen t a t t h e i r d i s t a l ends, a n d there p roduced i n t o a s p i n e : 
these c chev ron bones ' are c o n t i n u e d u s u a l l y a long t w o - t h i r d s of 
t h e t a i l . I n most o f t h e caudal vertebrae the an te r io r t h i r d o f 
t h e c e n t r u m is m a r k e d o f f b y a l i n e , j u s t an te r io r t o the d ia
pophyses, w h e r e the t a i l , snaps of f , w h e n a l i z a r d escapes, l e a v i n g 
the p a r t t h a t has been seized i n the hands o f the ba f f l ed pursuer . 
T h e oss i f ica t ion o f the c e n t r u m f r o m t w o po in t s , and t h e i r i n 
comple te anchylosis has prospec t ive r e l a t i o n to the l i a b i l i t y o f 
l izards t o be caugh t b y t h e i r l o n g t a i l , a n d lends i t s e l f t o t h e i r 
escape. T h e ep iphys i a l l i n e does n o t e x t e n d t h r o u g h the t h i n 
a n d b r i t t l e n e u r a l a rch , w h i c h r e a d i l y snaps w h e n t h e t w o par ts 
o f the c e n t r u m t o w h i c h i t is anchylosed are separated. L i z a r d s 
reproduce the los t t a i l ; b u t the v e r t e b r a l axis is never ossif ied i n 
the n e w - f o r m e d pa r t . 

I n the s l o w - w o r m (Anguis) t h e r e are 111 vertebrae, 6 1 o f w h i c h , 
b e g i n n i n g a t t he f o u r t h , s u p p o r t f r e e r i b s . T h e t ransverse p r o 
cesses o f t h e t a i l are f o r m e d b y shor t anchylosed p leurapophyses , 
w h i c h are b i f u r c a t e i n t h e second a n d t h i r d caudals. T h e h y p a 
pophyses are , also, anchylosed t o t h e c e n t r u m ; b u t , ins tead o f 
r e m a i n i n g d i s t i n c t , as i n t r u e Ophidia, t h e y u n i t e a t t h e i r l o w e r 
ends a n d comple te t h e haemal a rch . T h e vertebrae o f the Amphis-
bcena have no n e u r a l spine. 

T h e l a c e r t i a n mod i f i ca t ions o f the atlas a n d a x i s 1 agree i n t h e 

1 XLIV. vol. i. pp. 139—149. 
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m a i n w i t h those i n the Python. I n Istiurus t he ce rv ica l hypa
pophyses are compressed, d i s t inc t , and a r t i c u l a t e d to the i n t e r 
space be tween t h e i r o w n ve r t eb ra and the one i n advance. T h e 
caudal vertebrae are r emarkab le f o r the grea t l e n g t h o f t he i r 
neu ra l spines. 

I n the Chameleon the r ib s commence at t he f o u r t h ver tebra , 
and those o f the s i x t h are a r t i cu l a t ed b y semiossified carti lages to 
the s t e rnum, as are the three f o l l o w i n g p a i r s ; i n the n e x t e ight 
or t e n pairs the l o n g and slender cart i lages mee t and u n i t e to 
gether a t t h e i r ex t remi t ies . T h e r e are t w o l u m b a r and three 
sacral vertebrae; the t a i l is l o n g and" prehensi le . I n the 
Iguana tuberculata t w e n t y - o n e vertebrae, commenc ing w i t h the 
fifth, suppor t f r e e r ibs , and those o f t h e n i n t h first j o i n the 
s t e rnum. 

§ 23. Vertebral column of Chelonia.—This c o l u m n is most ex

t r a o r d i n a r y i n those Reptilia t o w h i c h , i n t h e m a n i f o l d mod i f i ca 
t ions o f the organic f r a m e w o r k , has been g i v e n a po r t ab l e abode, 
i n compensat ion f o r i n f e r i o r powers o f l o c o m o t i o n a n d the w a n t 
o f defensive weapons. 
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T h e expanded thorac ic -abdominal case, fig. 5 1 , K , K , i n t o 
w h i c h , i n mos t Chelonians , the head, the t a i l , and the f o u r ex
t r emi t i e s can be w i t h d r a w n , and i n some o f the species be there 
s h u t u p b y movable doors closely fitting b o t h the an te r io r 
and pos te r ior aper tures — as, e. g . , i n the box-tor toises ( C i n o -
sternon, Cistudo)—has been the sub jec t o f m a n y inves t i ga t i ons ; 
a n d n o t the least i n t e r e s t i ng r e su l t has been the d iscovery 
t h a t th i s seeming ly special a n d anomalous superadd i t ion to the 
o r d i n a r y ve r t eb ra te s t r uc tu r e is due , i n a g rea t degree t o the 
m o d i f i c a t i o n o f f o r m and size, and , i n a less degree, t o a 
change o f r e l a t i ve pos i t ion , o f o r d i n a r y elements o f the ve r tebra te 
ske le ton . 

T h e n a t u r a l d w e l l i n g - c h a m b e r o f the Chelonia consists c h i e f l y , 
and i n the mar ine species (Chelone) and so f t - t u r t l e s (Trionyx) 
sole ly , o f the floor, and the r o o f : 
s ide-walls o f va r iab le ex t en t are 
added i n the f r e sh -wa te r species 
(Emys) and land-tortoises ( Tes-
tudo). T h e w h o l e consists 
c h i e f l y o f osseous ' p l a t e s ' w i t h 
supe r incu mbe n t h o r n y ' scutes, ' 
except i n Trionyx and Sphargis, 
i n w h i c h these l a t t e r are 
w a n t i n g . 

T h e roof , or ' carapace , 
52 , consists o f a ' m e d i a n ' series 
o f s y m m e t r i c a l plates, ch, s i t o 
s n , and o f t w o ' l a t e r a l ' series 
f o r m i n g a pa i r , pi l t o pi 8, t he 
w h o l e b e i n g su r rounded b y a 
c i rc le o f ' m a r g i n a l ' pieces, m l 
t o py, comple ted a n t e r i o r l y b y ch, t h e first o f the med ian 
series. O f t h e m e d i a n series e igh t , s l t o s s, are a t tached t o 
the spines o f e i g h t sub jacen t ver tebra? : the l a t e r a l or p a r i a l 
plates, pi l t o pi 8, are a t tached t o , and more or less b l ended 
w i t h , t he r i b s o f the same vertebra?; a n d the ends o f these r ib s 
u s u a l l y a r t i c u l a t e b y gomphosis w i t h a co r re spond ing n u m b e r 
o f t he m a r g i n a l pieces, o f w h i c h , howeve r , the re m a y be f r o m 
t w e n t y - f o u r t o t w e n t y - s i x , i n c l u d i n g t h e t w o med ian a n d s y m m e 
t r i c a l ones, ch a n d py. T h a t these m a r g i n a l pieces are the least 
essential pa r t s o f t h e carapace is s h o w n , n o t o n l y b y t h e i r i n c o n 
s tan t n u m b e r , b u t b y t h e i r p a r t i a l or t o t a l absence i n some o f t h e 
s o f t - t u r t l e s (Gymnopus, Sphargis). 

: fig. 

Carapace of the Loggerhead Turtle (Chelone 
caouanna) 
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T h e median pieces,, s 1 t o s 11, are ca l led the ' n e u r a l ' p l a t e s ; 
the l a te ra l pieces, pi 1 t o pi 8, the ' co s t a l ' plates ; t he t e r m 
' m a r g i n a l ' is r e s t r i c t ed to those pe r iphe ra l pieces w h i c h f o r m pairs , 
m 1 to m 12; the an te r io r s y m m e t r i c a l piece, ch, cons tant i n a l l 
Chelonia, is ca l led the ' n u c h a l ' p l a t e ; t he pos ter ior s y m m e t r i c a l 
piece, py, w h i c h is w a n t i n g i n a l l the Trionycidce, is the ' p y g a l ' 
p la te . T h e n e u r a l a rch , connate w i t h the first n e u r a l p la te , s i , is 
suppor ted p a r t l y b y the c e n t r u m o f the ve r t eb ra to w h i c h the first 
pa i r o f f r e e r ibs is a r t i cu l a t ed , and w h i c h , t he re fo re , is reckoned 
as the first dorsal v e r t e b r a : these r ib s are sma l l and slender, 
a t tached at b o t h t h e i r ex t remi t i e s , the ou te r end a b u t t i n g against 
the under p a r t o f the first pa i r o f costal plates , w h i c h t h e y help 
to sustain. T h e second to the n i n t h dorsal vertebra? inc lus ive , 
b e i n g those w h i c h are more i m m e d i a t e l y connected w i t h the neura l 
and costal plates, are the ' vertebra? o f the ca rapace : ' the i r 
characters, t h o u g h no t less a r t i f i c i a l t h a n those w h i c h d i s t ingu ish 
the ' d o r s a l ' or ' l u m b a r ' vertebra? o f o ther rep t i l es , are m u c h 
more m a r k e d and constant . T h e e i g h t h v e r t e b r a o f the cara
pace is succeeded b y one, w h i c h i n some species (e. g . Chelone 
caouanna) supports a pa i r o f shor t r i b s , i n others ( Trionyx) none, 
and w h i c h is the re fore r eckoned a ' l u m b a r ' v e r t e b r a ; th i s is 
f o l l o w e d b y t w o other vertebra?, w i t h shor t and t h i c k e n e d r ibs , 
a b u t t i n g against the i l i ac bones and r ep resen t ing the ' sacrum, ' 
fig. 5 1 , G : as these three vertebra? are n o t i m m e d i a t e l y u n i t e d w i t h 
the n i n t h , t e n t h , and e leven th ' n e u r a l plates, ' t h e y have less c la im 
t h a n the first dorsal ve r t eb ra to be regarded as e n t e r i n g i n t o the 
compos i t ion o f the carapace. 

T h e ' p l a s t r o n , ' fig. 53 , or floor o f the tho rac ic -abdomina l 
chamber, consists, i n a l l recent Chelonia, o f n ine pieces. T h e 
med ian and s y m m e t r i c a l piece, s, is the ' e n t o s t e r n a l ; ' t he f o u r 
pai rs , coun ted f r o m before b a c k w a r d , are r e spec t ive ly , the 
' episternals ' (es), ' hyosternals ' (hs,) ' hypos terna ls ' (ps), and 
' x i p h i s t e r n a l ' (xs). 

I n a l l the Chelonians , save the coriaceous (Sphargis) and sof t 
t u r t l e s ( Trionycidce), the outer surface o f the carapace is impressed 
b y the h o r n y scutes, c o m m o n l y ca l led ' t o r t o i s e - s h e l l ; ' a n d these 
ep idermal product ions have rece ived de f in i t e names i n Zoo log ica l 
Treat ises, t he i r modi f ica t ions b e i n g f o u n d o f g rea t use i n charac
t e r i s i n g species. I n fig. 52 , v i is p laced o n the first ' v e r t e b r a l 
s cu t e ' close to i t s u n i o n w i t h the first and second ' costal s c u t e s ; ' 
and v 2 t o v r, indica te the succeeding v e r t e b r a l scutes, the ou te r 
angles o f w h i c h are s i m i l a r l y wedged b e t w e e n the a d j o i n i n g pairs 
o f ' costal scutes : ' b e y o n d the costal scutes are a series o f ' ma r -
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g i n a l scutes / suppor t ed b y the m a r g i n a l plates, and crossing t h e i r 
sutures . 

I n the Trionycidce. t he ex te r io r surface o f the carapace and 
p l a s t ron is r emarkab le f o r i t s r o u g h v e r m i c u l a r or punc ta te 
s c u l p t u r i n g . 

T h e med ian b o n y pieces o f the carapace, fig. 52 , ch, s l t o s 11, 
have been regarded as l a t e ra l expansions o f the summi t s o f t h e 
n e u r a l sp ines ; the medio- la te ra l pieces, i b . pi l to pi 8, as s imi la r 
developements o f the r ibs ; and the m a r g i n a l pieces i b . mi t o m 13, 
as the homologues o f the s te rna l r ibs . B u t the developement o f 
t h e carapace shows t h a t oss i f icat ion begins i n d e p e n d e n t l y i n a 
fibro-cartilaginous m a t r i x o f the c o r i u m i n the first, ch, and some 
o f the last , s 9 t o s n , m e d i a n plates, 
and extends f r o m the s u m m i t s o f t h e 
n e u r a l spines i n t o o n l y e igh t o f the i n 
t e r v e n i n g plates, s l t o s 8: oss i f ica t ion 
also extends i n t o t h e cont iguous l a t e r a l 
plates, pi l t o pi 8, i n some Che lon ia , 
n o t f r o m the cor responding p a r t o f the 
subjacent r i b s , b u t f r o m po in t s a l t e r 
n a t e l y nearer and f a r t h e r f r o m t h e i r 
heads, 1 s h o w i n g t h a t such ex tens ion o f 
oss i f ica t ion i n t o the c o r i u m is n o t a 
deve lopement o f the t ube rc l e o f t h e 
r i b , as has been supposed. Oss i f ica t ion 

, , , . 1 . Plastron of Clielone caouanna 
commences i n d e p e n d e n t l y m tne c o r i u m 
f o r a l l the m a r g i n a l plates, m l t o py; these never coalesce w i t h the 
bones u n i t i n g the s t e r n u m w i t h the v e r t e b r a l r i b s , are o f t e n more 
numerous , sometimes less numerous , t h a n those r i b s , and i n a f e w 
species are w a n t i n g . W h e n c e i t is t o be i n f e r r e d t h a t the ex
panded bones o f the carapace, w h i c h are suppor t ed and impressed 
b y the t h i c k ep ide rma l scutes ca l led ' t o r to i se - she l l , ' are d e r m a l 
ossifications, homologous w i t h those w h i c h s u p p o r t the n u c h a l and 
dorsal ep ide rma l scutes i n the crocodi le . A l o n g the u n d e r surface 
o f t he costal p la te the slender or p rope r p o r t i o n o f the r i b m a y 
be t raced , o f i t s o r d i n a r y b r e a d t h t o near the head, w h i c h l ibera tes 
i t s e l f f r o m t h e costal p l a t e , as a t I , fig. 5 1 , t o a r t i cu l a t e t o the i n 
terspace o f t h e t w o con t iguous vertebras, t o the pos te r ior o f w h i c h 
such r i b p r o p e r l y belongs . 

I n the ' p l a s t r o n , ' fig. 53 , the en tos terna l , s, answers t o the 
s t e r n u m i n t h e c r o c o d i l e : t he p a r i a l pieces are ' haemapophyses' o r 

1 CLXH. p. 163, pi. xiii . fig. 4. 
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s ternal r ibs , connate i n a more or less complete degree w i t h d e r m a l 
b o n y plates. T h e r e were f i v e pairs i n the e x t i n c t Pleurosternon. 

I n the mar ine Chelonians the d e r m a l ossifications, fig. 5 2 , pi 1 t o 
8, do n o t cover the w h o l e o f the in te rcos ta l spaces; the slender 
r ib s p ro jec t b e y o n d t h e m . I n the f r e sh -wa te r and l a n d k inds 
t h e y ex tend to the m a r g i n a l plates and comple te the b o n y roof , as 
i n fig. 5 1 . T h e r e is a s imi la r d i f ference i n the degree o f ossification 
o f t he ' p l a s t r o n ' be tween the genus Chelone a n d the genera Emys 
a n d Testudo. 

I n the Che lon ia t h e t r u e c e n t r u m o f the atlas does n o t coalesce, 
as an ' o d o n t o i d ' process, w i t h t ha t o f the axis , and u s u a l l y supports 
i t s o w n neu ra l a r c h : the hypapophys i s is p r o p o r t i o n a l l y reduced. 1 

A l l the e igh t ce rv ica l vertebrae, fig. 5 1 , E, are f r e e , movable , and 
ribless : the f o u r t h o f these vertebrae has a m u c h e longated cen t rum, 
w h i c h is convex at b o t h ends : the e i g h t h is shor t and broad, w i t h 
the an te r io r surface o f the b o d y d i v i d e d i n t o . t w o transversely 
e longated convexi t ies , and the pos ter ior p a r t o f t h e b o d y f o r m i n g 

.a s ingle convex surface d i v i d e d i n t o t w o l a t e r a l f ace t s ; the under 
p a r t o f the c e n t r u m is c a r i n a t e ; t he n e u r a l a rch , w h i c h is 
anchylosed to th i s c e n t r u m , is shor t , b road , obtuse, and overarched 
b y the b road expanded n u c h a l p la te . T h e first dorsal ver tebra 
is also shor t and b road , w i t h t w o shor t and t h i c k pleurapophyses, 
a r t i c u l a t e d b y one end t o the expanded an te r io r p a r t o f the 
c e n t r u m , and u n i t e d b y su ture a t the o ther end to the succeeding 
pa i r o f r ibs . T h e head o f each r i b o f the second pa i r is supported 
u p o n a s t r ong t r i h e d r a l neck, and a r t i cu l a t ed to the interspace o f 
the first and second dorsal ver tebrae: i t is connate, a t t he par t 
cor responding to the t ube rc l e , w i t h the first b road costal plate, 
w h i c h ar t icula tes b y su ture to the l a t e r a l m a r g i n o f the first 
n e u r a l p la te , and to por t ions o f the n u c h a l and t h i r d neura l 
p la tes : the connate r i b , w h i c h is a lmost los t i n the substance o f 
the costal p la te , is con t i nued w i t h i t t o the an te r io r and ou te r par t 
o f the carapace, whe re i t resumes i t s s u b c y l i n d r i c a l f o r m , and 
ar t icula tes w i t h the second and t h i r d m a r g i n a l pieces o f the cara
pace. T h e neu ra l a rch o f the second dorsal v e r t e b r a is sh i f t ed 
f o r w a r d s to the interspace be tween i t s o w n c e n t r u m a n d t ha t o f 
the first dorsal ver tebra . A s imi l a r d i spos i t ion o f t h e neu ra l 
a rch and o f the r ibs prevai l s i n the t h i r d t o the n i n t h dorsal 
vertebrae inc lus ive . T h e b o n y f loor o f the g rea t a b d o m i n a l box , 
or ' p las t ron , ' is f o r m e d b y the haemapophyses and s t e r n u m connate 
w i t h de rma l osseous plates, f o r m i n g , as i n the t u r t l e , n i n e pieces 

1 CLXVII. p. 435, pi. xi i i . 
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b u t t h e y are more ossified, and the h y o - and hypo-sternals u n i t e 
s u t u r a l l y w i t h the f o u r t h , fifth, and s i x t h m a r g i n a l plates, f o r m i n g 
the s ide-walls o f the b o n y chamber c u t t h r o u g h i n fig. 5 1 . T h e 
j u n c t i o n be tween the h y o - and hypo-sternals admits o f some 
y i e l d i n g movemen t . T h e i l i ac bones abu t against the p leurapo
physes o f the t e n t h , e leventh , and t w e l f t h vertebra?, c o u n t i n g f r o m 
the first dorsal ver tebra . These three vertebrae f o r m the s a c r u m : 
t h e i r p leurapophyses are unanchylosed, converge, and u n i t e a t 
t h e i r d i s t a l ex t remi t i es to f o r m the a r t i cu l a r surface f o r the i l i u m . 
B e y o n d these the caudal vertebrae, i b . H , t h i r t y - f i v e i n n u m b e r i n 
Testudo elephantopus, are f r ee , w i t h short , s t r a igh t , and t h i c k 

pleurapophyses , a r t i c u l a t e d to the sides o f the an te r io r expanded 
por t ions o f the cen t rums . T h e y d i m i n i s h to mere tuberc les i n the 
t e n t h caudal ve r t eb ra , and disappear i n the remainder . T h e n e u r a l 
arches o f the caudal vertebrae are flat above, and w i t h o u t spines. 

§ 24 . Vertebral column of Crocodilia. -— I n th i s order f r e e 
pleurapophyses are developed f r o m a l l the ce rv ica l vertebrae; t h a t 
o f the atlas, fig. 5 4 , a, is a t tached to the h y p a p o p h y s i s ; the neur 
apophyses rest , i n p a r t u p o n th i s e lement , i n p a r t u p o n the p roper 
c e n t r u m , w h i c h coalesces w i t h t h a t o f the a x i s : the n e u r a l spine 
o f t he atlas remains d i s t i nc t , l i k e t h a t o f the occ ipu t , and is b road 
and flat. T h e c e n t r u m o f the axis is flat i n f r o n t , and convex 
b e h i n d : the n e u r a l a rch , as i n the succeeding ve r t eb ra , is com
p le t ed b y the connate spine. T h e p leurapophys is , i b . b, has a 
b i f u r c a t e head. W i t h the excep t ion o f the t w o sacral vertebrae, 
w h i c h are flat a t one end and concave a t the o ther , and o f the first 
caudal ve r t eb ra , w h i c h is convex at b o t h ends, the bodies o f 
a l l t he vertebrae b e y o n d the axis are concave i n f r o n t and convex 
beh ind . T h e procoelian c e n t r u m o f the t h i r d c e rv i ca l is shor ter 
b u t broader t h a n the second; a parapophysis is developed f r o m 
the side o f the c e n t r u m , and a d iapophysis f r o m the base o f the 
n e u r a l a r c h ; the p leurapophys i s is shor ter , i t s fixed e x t r e m i t y is 
b i f i d , a r t i c u l a t i n g t o the t w o above-named processes; i t s f r e e 
e x t r e m i t y expands, .and i t s an t e r io r angle is d i r ec t ed f o r w a r d to 
abu t against the i n n e r surface o f the e x t r e m i t y o f the r i b o f b o t h 
the axis a n d at las, w h i l s t i t s pos te r ior p r o l o n g a t i o n overlaps the r i b 
o f the f o u r t h ve r t eb ra . T h e same genera l characters a n d i m b r i 
cated coadapta t ion o f t h e r i b s , n o t g i v e n i n the d i a g r a m , 5 4 , 
character ize t h e succeeding ce rv i ca l vertebrae to the seventh 
i n c l u s i v e , fig. 57 , p, t he hypapophys i s p rogress ive ly t h o u g h s l i g h t l y 
i nc reas ing i n size. I n t h e e i g h t h ce rv i ca l the r i b , h, becomes 
e longa ted and s l ende r ; t h e an t e r i o r angle is a lmost or q u i t e 
suppressed, and t h e pos te r io r one m o r e deve loped and p roduced 
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more d o w n w a r d , so as t o f o r m the b o d y o f the r i b , w h i c h t e r m i 
nates, however , i n a f r ee po in t . I n the n i n t h ce rv ica l , t he r i b , i, 
is increased i n l e n g t h , b u t is s t i l l w h a t w o u l d be t e r m e d a ' f a l s e ' 
or ' floating r i b ' i n an th ropo tomy . 

I n the succeeding ve r t eb ra the p leurapophys is , fig. 54 , k, 
ar t icula tes w i t h a haemapophysis, and 
the haemal a rch is comple ted b y a 
haemal s p i n e ; b y w h i c h comple t ion 
o f the t y p i c a l segment w e d i s t ingu ish 
the commencement o f the series o f 
dorsal vertebrae. W i t h r e g a r d to the 
so-called ' p e r f o r a t i o n o f the transverse 
process ' th i s e q u a l l y exists i n the pre
sent ve r tebra , as i n the ce rv ica l s ; on 
the o ther hand , t h e ce rv i ca l vertebrae 
e q u a l l y show surfaces f o r the a r t i c u 
l a t i o n o f r ibs . T h e t y p i c a l characters 
o f the segment, due t o the comple t ion 
o f b o t h n e u r a l and haemal arches, are 
c o n t i n u e d i n some species o f Crocodilia 
t o the s ix t een th , i n some (Crocodilus 
acutus) t o the e igh teen th ver tebra . I n 
the Crocodilus acutus and the Alligator 
lucius the haemapophysis o f the e igh th 
dorsal r i b ( seventeenth segment f r o m 
the head) j o i n s t h a t o f the antecedent 
ve r tebra . T h e pleurapophyses p ro jec t 
f r e e l y o u t w a r d , and become ' f l o a t i n g 
r i b s ' i n the e igh teen th , fig. 55 , b, 
n ine teen th , i b . c, and t w e n t i e t h , i b . d, 
vertebrae, i n w h i c h t h e y become r a p i d l y 
shorter , and i n the las t appear as mere 
appendages t o t h e end o f t h e l o n g and 
broad d iapophyses : b u t the haemapo
physes b y no means disappear a f te r 
the so lu t i on o f t h e i r u n i o n w i t h t he i r 
p leu rapophyses ; t h e y are essential ly 

independent elements o f the segment, and are a c c o r d i n g l y con
t i n u e d , i n pairs , fig. 55 , 3, 4, 5, 6, 7, and 56 , a long the v e n t r a l sur
face o f the abdomen o f the Crocodilia, as f a r as t h e i r m o d i f i e d 
homotypes the pub ic bones, i b . 8. T h e y are more or less ossif ied, 
and are genera l ly d i v i d e d i n t o t w o or three pieces. A shor t c a r t i 
laginous piece, an unossif ied p a r t o f the p leurapophys is , in te rvenes 

Diagram of anterior vertebra, 
rocodile. cc. 
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b e t w e e n i t and the haemapophysis. A smal l car t i laginous appen
dage is a t tached to some o f the r ibs . 

T h e l u m b a r vertebrae are those i n w h i c h the diapophyses cease 
• t o s u p p o r t moveable pleurapophyses, a l t hough t h e y are elongated 
b y the coalesced r u d i m e n t s o f such, i b . e , f , g , h, w h i c h are d i s t i nc t 
i n the y o u n g Crocod i l e . T h e l e n g t h and persis tent i n d i v i d u a l i t y 
o f more or f e w e r o f these r u d i m e n t a l r ibs determines the n u m b e r 
o f t he dorsal and l u m b a r vertebrae respec t ive ly , and exempl i f ies 
the p u r e l y a r t i f i c i a l character o f the d i s t i nc t i on . T h e n u m b e r o f 
vertebrae be tween the s k u l l and the sacrum is t w e n t y - f o u r . I n 
the ske le ton o f a G a v i a l , I have seen t h i r t e e n dorsal and t w o 
l u m b a r ; i n t h a t o f a Crocodilus cataphractus t w e l v e dorsal and 
th ree l u m b a r ; i n those o f a Crocodilus acutus and Alligator lucius, 
eleven dorsal and f o u r l u m b a r , fig. 57 , w h i c h is the most com
m o n n u m b e r . C u v i e r assigns five l u m b a r vertebrae to Croc. 

Diagram of posterior trunk-vertebra?, Crocodile, cc. 

biporcatus. B u t these var ie t ies i n the deve lopement or coales
cence o f the s t u n t e d p leurapophys is are o f no essential m o m e n t . 
T h e coalescence o f the r i b w i t h the diapophysis obl i tera tes o f 
course the character o f t h e ' c o s t a l a r t i c u l a r surface, ' w h i c h w e 
have seen t o be c o m m o n t o b o t h dorsal a n d ce rv ica l vertebrae. 
T h e l u m b a r zygapophyses have t h e i r a r t i c u l a r surfaces a lmost 
h o r i z o n t a l , a n d t h e diapophyses , i f n o t longer , have t h e i r an te ro
pos te r ior e x t e n t somewhat i nc r ea sed ; t h e y are m u c h depressed, 
o r flattened h o r i z o n t a l l y . 

T h e sacral vertebrae, fig. 5 7 , s, are v e r y d i s t i n c t l y m a r k e d b y 
the flatness o f t h e coadapted ends o f t h e i r c e n t r u m s ; there are 
neve r m o r e t h a n t w o such vertebrae i n the Crocodilia, recent or 
e x t i n c t : i n the first t he an t e r io r surface o f the c e n t r u m is concave, 
i n t h e second the pos te r io r s u r f a c e ; the zygapophyses are n o t 
o b l i t e r a t e d i n e i ther o f these sacral vertebrae, so t h a t the aspects o f 
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t h e j r a r t i c u l a r surface — u p w a r d i n the an te r io r pa i r , d o w n w a r d 
i n the poster ior pa i r — determines at once the cor responding ex
t r e m i t y o f a detached sacral ve r tebra . T h e t h i c k and s t rong 
transverse processes f o r m another character is t ic o f these vertebra?; 

f o r a l o n g pe r iod the su ture 
near t h e i r base remains to show 
h o w large a p r o p o r t i o n is f o r m e d 
b y the p leurapophysis . T h i s 
e lement , fig. 55 , i, ar t iculates 
more w i t h the c e n t r u m than 
w i t h the diapophysis developed 
f r o m the n e u r a l a r c h ; i t ter 
minates b y a r o u g h , t runca te , ex
panded e x t r e m i t y , w h i c h almost 
or q u i t e j o i n s t h a t o f the s imi l a r l y 
b u t more expanded r i b , i b . k, 
o f the o ther sacral ver tebra . 
A g a i n s t these ex t remi t i es is ap
p l i e d a supp lementa ry costal 
piece, se r i a l ly homologous w i t h 
the fibrous t r a c t ind ica ted b y 
the d o t t e d l ines be tween h and 
7, g and 6, fig. 55 ; b u t ossified, 
expanded, and i n t e r p o s i n g i t 
se l f be tween the pleurapophyses 
and haemapophyses o f b o t h sacral 
vertebrae, n o t o f one on ly . 
T h i s in t e rmed ia t e p l eu rapophy -
sial p a r t is ca l l ed the ' i l i u m ' 
fig. 57 , 62: i t is shor t , t h i c k , 
v e r y b road , a n d sub t r i angu l a r , 
t he l o w e r t r u n c a t e d apex f o r m 
i n g w i t h the connected e x t r e m 
i t y o f the haemapophysis an a r t i 
cu la r c a v i t y f o r the d i v e r g i n g 
appendage, ca l led the (hind leg . ' 

T h e haemapophysis o f the an te r io r sacral v e r t e b r a is ca l l ed ( pubis , ' 
fig. 5 5 , 8 , fig. 56 , 5; i t is modera te ly l o n g and slender, b u t expanded 
and flattened at i t s l o w e r e x t r e m i t y , w h i c h is d i r ec t ed f o r w a r d 
t o w a r d t h a t o f i t s f e l l o w , and j o i n e d to i t t h r o u g h the i n t e r m e d i u m 
o f a b road , ca r t i l ag inous , haemal spine, i b . 10 a n d n , c o m p l e t i n g the 
haemal canal. T h e haemapophysis o f the second sacral , fig. 55 , 9, 
fig. 56 , 4, is broader, subdepressed, and s u b t r i a n g u l a r , e x p a n d i n g 

Diagram of the hsmal arches of the trunk, 
viewed from above. Crocodile, co. 
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as i t approaches i t s f e l l o w to complete the second pe lv ic haemal 
a rch . T h e size o f these elements o f the haemal arch, and t h e i r 
d i s t i n c t i v e shapes, have obta ined f o r t h e m , i n an th ropo tomy , special 
names : t h e i r d i v e r g i n g appendage be ing developed i n t o a po ten t 
l o c o m o t i v e member . T h e crocodile y ie lds a clear v i e w o f the ser ial 
homologies o f the haemal elements a long the t r u n k . I n fig. 56 , 
t h e y are sketched as seen f r o m the dorsal aspect. T h e haemapo
physes e x t e n d f r o m h l , 2, 3, to h 6, 5, 4 : the haemal spines, m o s t l y 
con f luen t , are co-extensive f r o m hs t o 10, whe re t h e y expand as a 
car t i lage be tween 6 and 5. T h e pa i r o f haemapophyses, h 1, are 
ca l led £ coracoids, ' and bear the special n u m b e r 52: the pa i r , 5, are 
the ' p u b i c b o n e s 1 ; the pa i r , 4, the ' ischia. ' T h e haemal spine, hs, 
is c a l l e d 6 ep i s t e rnum, ' t he succeeding more or less conf luen t spines, 
9, f o r m the * s t e r n u m ' : i n M a n t h e i r abdomina l c o n t i n u a t i o n , n o t 
q u i t t i n g the fibrous tissue-state, is ca l led c l i n e a a l b a ' ; i t be 
comes car t i lage i n the Crocodilia, i b . 10, and p a r t l y b o n y i n o l d 
specimens. T h e abdomina l haemapophyses, represented b y the 
' intersectiones tendineae m u s c u l i r e c t i abdomin i s ' o f a n t h r o p o t o m y , 
are c o m m o n l y ossif ied, each f r o m t w o centres, i n o l d Crocodilia. 

T h e p leurapophys is is reduced to a t ransverse process i n t h e 
first caudal ve r t eb ra , fig. 55 , 7; w h i c h , besides b e i n g b i c o n v e x , 
has no a r t i c u l a r surface f o r the haemapophyses: these elements 
reappear i n the succeeding segments, detached, as i n the l u m b a r 
series, f r o m t h e i r pleurapophyses, b u t a r t i cu l a t ed to the c e n t r u m 
d i r e c t l y , fig. 7, w i t h a b a c k w a r d displacement , t o the interspace 
be tween t h e i r o w n and the succeeding ve r t eb ra , fig. 57 , h. A f t e r 
the f o u r t e e n t h caudal ve r t eb ra the t ransverse processes disappear, 
the c e n t r u m becomes compressed, a n d the n e u r a l and haemal 
spines g i v e adequate v e r t i c a l e x t e n t t o the l o n g and s t rong na ta 
t o r y t a i l , t o near i t s p o i n t e d t e r m i n a t i o n . 

T h e characters o f the t runk-ver tebrae o f e x i s t i n g Crocodilia, 
especial ly t h e i r procoelian t y p e , are those w h i c h t h e i r predecessors 
presented t h r o u g h o u t a l l the t e r t i a r y series o f deposits , 1 and b y 
some species f r o m cretaceous beds. 2 B u t i n a l l the secondary 
series b e l o w the cha lk , t he Crocodilia present flattened or sub-con
cave v e r t e b r a l su r faces ; or , i f t he cup-and-ba l l s t r u c t u r e be 
present , i t shows reverse posi t ions t o the procoelian t y p e , e. g . i n 
the an t e r io r t runk-ve r t eb rae o f the genus o f o o l i t i c C r o c o d i l i a n , 
thence t e r m e d f Streptospondylus? A s i m i l a r e op is thocoe l ian ' 
m o d i f i c a t i o n is p resen ted b y t h e c e r v i c a l a n d an t e r io r dorsal 
vertebrae o f t h e m o r e g i g a n t i c Cetiosaurus; and , i n a m i n o r degree, 

1 CI/XIII . , part i i i . p, 117, pis. 1 D, 3, 3 A. 
2 Crocodilus basifissus, CLXIV. p. 380. 
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b y some o f the grea t r ep t i l e s , w i t h 
l i m b s more adapted f o r t e r r e s t r i a l p r o 
gression, ca l led ' D i n o s a u r i a ' ; f a v o u r 
i n g i n these the flexibility o f the neck, 
as the same ba l l -and-socket s t ruc tu re 
does i n the la rge h e r b i v o r o u s q u a d r u 
peds o f the present d a y . 1 T h e neura l 
a rch i n the dorsal r e g i o n o f Dinosauria, 
was en larged a n d s t reng thened b y a 
b o n y p l a t f o r m , w i t h s u p p o r t i n g r idges : 
the sacrum i n c l u d e d f r o m f o u r to six 
vertebrae, h a v i n g the n e u r a l arch 
sh i f t ed so as t o rest u p o n t w o cen
t r u m s and b i n d t h e m together . 

§ 25 . Vertebral column of Ptero-
sauria. — I n t r a c i n g the modif ica t ions 
o f the ske le ton f r o m the earliest fo rms 
o f e x t i n c t species, the procoelian t y p e o f 
v e r t e b r a appears first i n the ex t inc t 
g r o u p o f R e p t i l e s (Pterosauria) adap
t e d f o r flight; the P te rodac ty le s o f the 
L i a s show i t , w i t h a c o n f l u e n t neura l 
a rch a n d a pneuma t i c f o r a m e n on each 
side o f the v e r t e b r a . 2 T h e ce rv i ca l ver
tebrae o f P t e rodac ty le s , fig. I l l , are the 
largest , seven or e i gh t i n n u m b e r , o f 
w h i c h the first t w o coalesce. T h e atlas 
has a v e r y shor t d iscoid c e n t r u m and 
t w o slender neurapophyses . T h e dorsal 
vertebrae become smal ler t o t h e p e l v i s ; 
t h e y m a y be fifteen i n n u m b e r , f o l 
l o w e d b y t w o l u m b a r , f r o m th ree to 
seven sacral , a n d a va r i ab l e n u m b e r 
o f caudal vertebrae. O n e f a m i l y o f 
P te rodac ty le s had a l o n g a n d s t i f f t a i l ; 
t he rest , as i n fig. I l l , a shor t t a i l . 
T h e an te r io r f r e e r ib s have b i f u r c a t e 
heads; and , as t h i s s t r u c t u r e is asso
cia ted i n m o d e r n Reptilia, w i t h a 
f ou r - chambered hea r t , t h a t o r g a n had 
p r o b a b l y reached the same stage o f 
p e r f e c t i o n i n the flying R e p t i l e s , t he 

and vi. ; xxx. p. 285. CLII . p. 161, pi. x. 
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huge t e r r e s t r i a l D inosaurs , and other e x t i n c t groups w i t h the same 
costal s t r uc tu re . T h e e x i s t i n g Reptilia are b u t a r emnan t o f a 
once extensive and v a r i e d class o f cold-blooded vertebrates , w h i c h , 
since the mesozoic epoch has been on the wane . 1 

§ 26 . Developement of the skull. — I n r e v i e w i n g the modi f ica t ions 
o f th i s p a r t o f the v e r t e b r a l c o l u m n i n the Hcematocrya, w e 
re t race o u r steps t o the lowes t w a t e r - b r e a t h i n g f o r m s , and 
recommence w i t h the Dermop te rous subclass. 

Pass ing f r o m the t r u n k to the head, w e find i n the L a n c e l e t 
(Branchiostoma), fig. 23 , t h a t the c r a n i u m is n o t i nd i ca t ed b y 
d i f ference o f size or s t ruc tu re o f the r u d i m e n t a l ve r t eb r a l c o l u m n , 
b u t consists o f the g r a d u a l l y c o n t r a c t i n g an te r io r t e r m i n a t i o n o f 
the n e u r a l canal, w h i c h retains i t s p r i m i t i v e fibro-membranous w a l l , 
n, ob, w i t h o u t any superadd i t ion o f par ts , and is suppor t ed b y the 
t a p e r i n g end o f the no tochord , i b . ch. T h i s p a r t extends f a r t h e r 
f o r w a r d t h a n the c ran ia l end o f the n e u r a l canal , i n d i c a t i n g the 
non-developement o f the prosencephalon and cor responding p a r t 
o f the c ran ia l c a v i t y . I n f ac t , the re is no gang l ion ic cerebra l 
expansion wha teve r i n th i s v e r m i f o r m fish: the epencephalon or 
m e d u l l a oblongata is i nd ica t ed b y the o r i g i n o f the t r i g e m i n a l 
ne rve , i b . ob, i n advance o f w h i c h the mesencephalic segment sends 
o f f the shor t op t ic nerve to the d a r k ocel lus, op, and there te rmina tes , 
somewhat ob tuse ly , beneath w h a t D r . K O L L I K E R , 2 has descr ibed 
as a c i l i a t ed o l f a c t o r y capsule, i b . ol. T h e c r a n i u m o f the L a n c e l e t , 
t he re fo re , m a y be said to be composed o f the no tocho rd and i t s 
membranous capsule, w i t h o u t the superadd i t ion o f ca r t i l ag inous 
o r osseous cover ings . B u t , as an appendage to the s k u l l , m a y be 
descr ibed the j o i n t e d , ca r t i l ag inous , haemal a rch , i b . h, w h i c h 
extends f r o m b e l o w the c ran ia l end o f the chorda dorsalis , d o w n 
w a r d and b a c k w a r d o n each side o f the o r i f i ce o f the p h a r y n x ; 
th i s represents the l a b i a l a rch o f h i g h e r M y x i n o i d s , and suppor ts 
several pairs o f the j o i n t e d slender o ra l filaments. I t is the sole 
c h o n d r i f i e d p a r t o f the ske le ton i n the Branchiostoma. 

T h e ca r t i l ag inous tissue is supe r induced u p o n the fibrous b r a i n -
sac i n osseous fishes, i n the f o l l o w i n g manner . T h e n o t o c h o r d 
advances as f a r as the p i t u i t a r y sac, or ' hypophys i s ce rebr i , ' w h e r e 
i t t e rmina tes i n a p o i n t ; car t i lage is developed o n each side, 
f o r m i n g a t h i c k e o c c i p i t o - s p h e n o i d a l ' 3 mass, w h i c h extends o u t 
w a r d , and f o r m s t h e ea rba l l or acoustic capsule. T h e car t i lage 
rises a l i t t l e w a y u p o n the l a t e r a l w a l l s o f the c r a n i u m , and is 
the re i n sens ib ly los t i n the p r i m i t i v e c r an i a l membrane . A t the 

1 CLXXX. p. 320. 2 xxxn . p. 32. 
3 Plaque nuchale, Vogt ; Knocherne basis cranii, Miiller, xx i . 
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end o f the no tochord the basal car t i lages, deve loped i n c o n t i n u a 
t ions o f i t s capsule, d ive rge , s u r r o u n d the p i t u i t a r y vesicle , and 
mee t i n f r o n t o f i t , f o r m i n g the ' sphenoidal a rches , ' 1 w h i c h j o i n , 
or expand i n t o the e vomer ine p l a t e . ' 2 

T h e i m m a t u r e L a m p r e y , ca l led Sand-lance (Ammocoztes), retains 
a l i k e c o n d i t i o n o f the s k u l l , fig. 58 , t o the second or t h i r d year. 
T h e occ ip i t a l cart i lages ex t end f r o m the sides o f the p o i n t e d end 

o f the no tochord , i b . ch, and expand i n t o the acoustic 
capsules, i b . 16: the sphenoidal arches, i b . 5, encom
pass the p i t u i t a r y or h y p o p h y s i a l space, hy, n o w closed 
b y a membrano-car t i l ag inous p la te , and u n i t e an t e r i o r l y 
to f o r m a smal l vomer ine p la t e , i b . 13, i n f r o n t o f 
w h i c h is the s ingle u n d i v i d e d nasal capsule, i b . 19. 
T h e n o w expanded cerebra l end o f the n e u r a l canal, 
fig. 59 , n, is s t i l l de fended b y fibrous membrane o n l y ; 
b u t is d i v i d e d f r o m the vom er ine p la te , i b . 13, b y a 

Base of skull, , r ., i 
b a c k w a r d extens ion o f the nasal sac, i b . 19, t o the 

Muller . . 
p i t u i t a r y vesicle. 

I n the M y x i n e the acoustic capsules are a p p r o x i m a t e d at the 
base o f the s k u l l ; the sphenoidal arches are longer , a n d u n i t e w i t h 
the palat ine p la te and arches, f r o m w h i c h are sent o t f t h e l ab ia l 
car t i l ag inous processes s u p p o r t i n g the bucca l tentacles homologous 
w i t h those i n the L a n c e l e t . I n the l o n g h y p o p h y s i a l interspace o f 

the sphenoidal arches a more o r less firm 
car t i l ag inous p la te is developed, f r o m w h i c h 

z ^ ^ ^ ^ ^ ^ ^ ^ - - ^ - , a slender med ian process is c o n t i n u e d f o r -
~~cir^J w a r d to the vom er ine o r pa la t ine p la te , 

w h i c h supports the nasal capsu le ; another 
side view °^kuii, Ammocete, process extends b a c k w a r d to the o c c i p i t a l 

car t i lage . O t h e r processes are also sent 
o f f f r o m the sides, w h i c h f o r m a complex sys tem o f p e c u l i a r l y 
M y x i n o i d car t i lages . 3 

I n the m a t u r e L a m p r e y {Petromyzon), fig. 60 , the occ ip i t a l 
car t i lage is con t inued b a c k w a r d , i n the f o r m o f t w o ' slender 
processes, c, u p o n the under p a r t o f the no tocho rd , ch, i n t o t h e 
cerv ica l r eg ion . T h e h y p o p h y s i a l space, hy, i n f r o n t o f the 
occ ip i t a l car t i lage , remains p e r m a n e n t l y open, b u t has been con
v e r t e d i n t o the poster ior aper tu re o f the naso-palatine canal . T h e 
sphenoidal arches, 5, are v e r y short , a p p r o x i m a t e d t o w a r d s the 
m i d d l e l i n e ; and the vomer ine car t i lage , 13, is b r o u g h t b a c k 
closer t o the sphenoidal arches. T w o ca r t i l ag inous arches, 24, 

1 Arises latdrales, Vogt ; Fliigel-forsatze basis cranii, Muller. 
2 Plaque faciale, Yogt; Gaumenplatte, Muller. 3 x x i . 
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c i rcumscr ibe e l l i p t i c a l spaces outside the presphenoid p l a t e : these 
appear t o represent the p t e r y g o i d arches, fig. 6 1 , i, b u t , as i n the 
e m b r y o o f h ighe r fishes, are n o t separated f r o m the base o f the s k u l l 
b y d i s t i n c t j o i n t s . T h e basal cart i lages, a f t e r f o r m i n g 
the ear-capsules, i b . g, e x t e n d u p o n the sides o f the cra
n i u m , i b . h, a r ch over i t s back pa r t , and leave o n l y i t s 
uppe r and m i d d l e p a r t membranous , as i n the h u m a n 
e m b r y o w h e n oss i f ica t ion o f the c r a n i u m commences. 
T h e c r a n i u m is con t i nued b e l o w the o l f a c t o r y capsule, 
i b . k, i n t o the f r o s t r a l p la te , ' /. B e h i n d the p t e r y g o i d 
a rch , i, the process represen t ing the s t y l o - h y a l , i b . i', 
i", passes d o w n , and expands t o g i v e a t t achment t o 
the muscles o f the t o n g u e ; the ' b a s i h y a l ' supports , 
b y i t s f o r w a r d e g l o s s o h y a l ' ex tens ion , the la rge den-
t igerous t ongue , and b y i t s b a c k w a r d £ u r o h y a l ' g r o w t h , s, adds to 
the surface o f i n s e r t i o n o f the muscles. T h e car t i lage descending 
f r o m the side o f the f o r e pa r t o f the c r a n i u m to j o i n the p t e r y g o i d 
arch , i, m a y represent a 4 t y m p a n i c ' p e d i c l e : i t m a i n l y suppor ts , 
as i n t h e S tu rgeon , fig. 62 , ?8, and Shark , t h e membrane , fig. 6 1 , ,z, 
and car t i lages, f o r m i n g the r o o f and m a r g i n o f the m o u t h ; i n w h i c h 

Base of skull, 
Lamprey. 

xxi. 

01 

n m a y be compared to the e pa la t ine , ' and o t o the m a x i l l a r y , w h i l e 
p seems t o be a special l a b i a l ca r t i l age i n th i s suc to r i a l fish: q and r 
are processes f o r the muscles w o r k i n g th i s pecu l i a r a p p a r a t u s ; 
and i n a d d i t i o n t o these is the ca r t i l ag inous basket be fo re de
scr ibed, fig. 2 4 , 45, w h i c h suppor ts t h e m o d i f i e d and p e r f o r a t e d 
homologue o f t h e la rge r e s p i r a t o r y p h a r y n x , fig. 2 3 , a, i n the 
B r a n c h i o s t o m e . 

T h u s , i n the D e r m o p t e r o u s fishes, t he deve lopement o f the s k u l l 
is a r res ted at more or less ea r l y e m b r y o n i c s tages; whence i t 
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proceeds i n a special d i r e c t i o n , t o s tamp the species w i t h i t s o w n 
d i s t i nc t ive and pecul ia r charac te r : i n the Branch io s toma b y the 
a r t i cu l a t ed car t i lag inous l a b i a l a rch and i t s numerous filaments; 
and i n the proper M y x i n o i d s and L a m p r e y s b y the f o r m a t i o n o f 
the complex system o f l a t e r a l and l a b i a l c a r t i l a g e s ; or b y the 
mod i f i ca t i on o f the pa la t ine , m a x i l l a r y , a n d h y o i d r u d i m e n t s , i n 
r e l a t i o n to the suc to r i a l f u n c t i o n o f t h e m o u t h . 

I n the S tu rgeon (Acipenser) fig. 62 , the g r o w t h o f car t i lage has 
inclosed the who le o f the brain-case, f , g, and b lended w i t h i ts 
wa l l s the ear-capsules: i n advance o f th i s i t developes pro tec t ive 
cavit ies f o r the n o w wel l -deve loped eyes and doub le nasal sacs: the 
o r b i t , i, b e ing d i v i d e d f r o m the n o s t r i l , k, b y the r i d g e , 2, and 
b o t h suppor ted b y a £ v o m e r i n e ' basis, gf": b e y o n d w h i c h the 
c r a n i u m is c o n t i n u e d f o r w a r d as a l o n g p o i n t e d r o s t r u m . T h e 
car t i lag inous pedicle suspending the p a l a t o - m a x i l l a r y apparatus is 

d i v i d e d i n t o three pieces; the ep i t ympan ic , i b . m, t he m e s o t y m -
panic , i b . n, and the h y p o t y m p a n i c , i b . 26. T h e l a t t e r supports 
the palat ine v a u l t , 20, w i t h w h i c h the p t e rygo ids , se, are c o n f l u e n t ; 
the m a x i l l a r y , 21, the p r e m a x i l l a r y bone, 22, the l a b i a l car t i l age , 
74, and the mand ib le , 32. A l l these par ts o f the edentulous 
suc tor ia l m o u t h are v e r y smal l i n p r o p o r t i o n to t h e size o f the 
head and en t i re fish; and t h e y are the o n l y ossif ied par ts o f 
the endoskeleton. T h e p r e m a x i l l a r y is a s u b t r i a n g u l a r p la te , 
j o i n e d b y l i g a m e n t to i t s f e l l o w , t r e n c h a n t a n t e r i o r l y , a n d 
e x t e n d i n g i n an arched f o r m to the mand ib l e . T h e m a n d i b l e , 32, 
ar t icula tes b y a concav i ty to the p t e r y g o i d and p r e m a x i l l a r y / a n d 
consists o f a s ingle piece, u n i t e d to i t s f e l l o w b y a l i gamen tous 
symphysis . 0 

T h e m o u t h o f the S t u r g e o n opens u p o n the u n d e r surface 
o f the head, and is p r o t r u d e d and r e t r ac t ed c h i e f l y b y t h e m o v e -
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ments o f the t y m p a n i c pedic le , w h i c h swings , l i k e a p e n d u l u m , 
f r o m i t s p o i n t o f suspension t o the pos t -o rb i t a l process, fig. 29 , g" 
T h e h y o i d a r ch is also smal l and s imple i n the S tu rgeon . T h e 
e p i - h y a l is shor t , and a t tached to near the uppe r end o f the h y p o -
t y m p a n i c . T h e ce ra to -hya l , fig. 62 , 40, o f t h r i ce the l e n g t h , is 
expanded above, and is a t tached b y l i g a m e n t e x t e n d i n g f r o m t h a t 
p a r t t o near the j o i n t o f the l o w e r j a w . T h e bas i -hya l is a shor t 
subcub ica l piece : i t gives a t tachment a n t e r i o r l y to cerato-hyals , 
a n d p o s t e r i o r l y to the an te r io r bas i -branchia l and h y p o - b r a n c h i a l 
car t i lages . 

T h e three first b r anch ia l arches consist o f hypo-branch ia l s , 
p rogress ive ly decreasing i n size, o f cerato-branchials , ep i -b ran-
chials , and p h a r y n g o - b r a n c h i a l s : t he f o u r t h a rch consists o f 
cerato-branchials and ep i -b ranch ia l s : the fifth a rch o f cerato-
branchia ls o n l y . T h e b r a n c h i a l c a v i t y is closed b y an opercu la r 
de rma l scale, cl, 35, suppor t ed b y the expanded t y m p a n i c car t i l age , 
m, fig. 62 . 

T h e ca r t i l ag inous representa t ive o f the pa r -occ ip i t a l projec ts 
b a c k w a r d f r o m each angle o f the occ iput . A t r i a n g u l a r supra
scapular car t i l age , fig. 62 , so, has the angles o f i t s base s l i g h t l y 
p roduced , one b e i n g a r t i c u l a t e d t o t h e end o f the pa r -occ ip i t a l , 
t h e o ther t o the ex -occ ip i t a l r e g i o n . T o the apex is a t tached 
t h e scapulo-coracoid a rch , i b . 51, 52. T h e coracoid car t i l age 
expands as i t descends, sends i n w a r d and f o r w a r d a b road 
wedge-shaped p la te , and presents a l a rge p e r f o r a t i o n a t i t s t h i c k 
pos te r ior pa r t , a n s w e r i n g p r o b a b l y to the p e r f o r a t e d u l n a o f 
osseous Fishes , here con f luen t w i t h the a rch . T h e pec to ra l fin 
is a r t i c u l a t e d to the unde r p a r t o f th i s p e r f o r a t e d p r o j e c t i o n : t h e 
coracoid t e rmina tes b y a b road t h i n p la te beneath the p e r i c a r d i u m , 
w h e r e i t is jo inepl b y s t r o n g aponeurosis t o t h a t o f the opposi te 
coracoid. 

Specia l deve lopement proceeds f u r t h e r i n the s k u l l o f the 
s ingu la r A c i p e n s e r o i d , ca l l ed £ p a d d l e - f i s h ' (Planirostra Spatula). 
I t is r emarkab l e f o r the r o s t r a l p r o l o n g a t i o n o f the nasal and 
vom er ine bones, the r o s t r u m b e i n g flattened h o r i z o n t a l l y a n d 
expanded l i k e t h e mand ib les o f a S p o o n b i l l . T h e sides o f the 
r o s t r u m are s t r eng thened b y a r e t i cu l a t e d i spos i t ion o f b o n y 
m a t t e r i n the f o r m o f stars, t he rays o f w h i c h anastomose. T h e 
u p p e r p a r t o f t h e c r a n i u m is less p e r f e c t l y c h o n d r i f i e d t h a n i n 
the S t u r g e o n . T h e r e is a l o n g v a c u i t y b e t w e e n the f r o n t a l , 
p a r i e t a l , p o s t f r o n t a l and mas to id bones : t h e t y m p a n i c pedic le is a 
s imple e longa ted piece o f bone expanded a t b o t h ends. T h e 
m a n d i b u l a r a n d h y o i d e a n arches are suspended b y a shor t car t i lage 
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to the end o f the t y m p a n i c bone : the palatines are e x t r e m e l y smal l . 
T h e p r e m a x i l l a r y and m a x i l l a r y bones seem t o have coalesced; 
t h e y expand as t h e y ex t end b a c k w a r d to become at tached to the 
car t i lage s u p p o r t i n g the m a n d i b u l a r arch. T h e s l i g h t l y ossified 
p te rygo ids r u n pa ra l l e l w i t h t h e m a long the i n n e r sides t o the same 
par t . T h e a r t i c u l a r and den ta ry pieces o f the l o w e r j a w have coa
lesced, b u t there is a t race o f a slender sp lenia l piece o n the inner 
side o f the mand ib le . A l l t he bones o f the m o u t h are edentulous, 
b u t the membrane cove r ing the ex t r emi t i e s o f the uppe r and 
l o w e r j a w is roughened b y e x t r e m e l y m i n u t e denticles i n the 
recent fish. T h e ceratohyals are p a r t i a l l y o s s i f i ed : the rest o f 
the hyo idean a rch is car t i lag inous . A branchios tegal appendage 
i n the f o r m o f an i r r e g u l a r e longated flattened bone, resolved 
pos te r io r ly i n t o osseous fibres, extends f r o m each side o f the 
commencement o f the hyo idean arch . A s imi l a r b u t l a rger oper
cu la r appendage extends b a c k w a r d f r o m the e x t r e m i t y o f the 
t y m p a n i c pedicle. 

§ 27 . Skull of Plagiostomi.—The more or less car t i lag inous s k u l l 
o f the Plagios tomous fishes m i g h t be h i s t o l o g i c a l l y regarded as the 
t r ans i t i ona l step f r o m the Cyc los tomous to the Osseous fishes; b u t , 
m o r p h o l o g i c a l l y , i t offers a d i f f e r e n t , appa ren t ly s imple r t y p e ; and 
one w h i c h , t h r o u g h the progress o f deve lopement i n the d i rec t 
ver tebra te rou t e , more nea r ly approximates t o the c r an i a l o rgan i 
sat ion i n the Ba t rach ia . T h e M o n k - f i s h (Squatina,—an i n t e r m e 
diate f o r m be tween the Sharks and B a y s , ) affords a good and t y p i c a l 
example o f the essential characters o f the plagios tomous s k u l l . 
T h e c ran ia l end o f the no tocho rd and i t s capsule are conve r t ed 
i n t o firm g r anu l a r c a r t i l a g e ; e x t e n d i n g f o r w a r d so as t o cons t i tu te 
an ob long flattened pla te f o r m i n g t h e w h o l e basis c r a n i i . T h e 
poster ior m a r g i n o f th i s £ occ ip i to - spheno ida l ' p la te suppor t s t w o 
convex condyles , f o r a r t i c u l a t i o n w i t h the b o d y and parapophyses 
o f the axis. T h e b o d y o f the atlas has coalesced w i t h the basi
occ ip i t a l , as is i nd ica t ed b y i t s slender b u t separate n e u r a l a rch . 
T h e l a t e ra l marg ins o f the basal car t i lage have t w o notches, the 
i n t e r v e n i n g prominence represen t ing the p r i m i t i v e sphenoidal 
a rch , here filled u p and sending o f f a r u d i m e n t a l p t e r y g o i d process 
ou twards . J u s t an te r ior t o the med ian r i d g e there is a smal l 
fossa, ( i n the y o u n g Squatina a f o r a m e n , ) the las t t race o f the 
p i t u i t a r y c a n a l : the basal car t i lage t h e n expands to f o r m the 
l o w e r border o f the groove w h i c h receives the pa la t ine process o r 
p o i n t o f suspension o f the p a l a t o - m a x i l l a r y a rch , i n f r o n t o f w h i c h 
i t contracts to f o r m the vomer ine base o f the c r a n i u m . T h e cra
n i a l c a v i t y is no t m o u l d e d on the b r a i n , b u t is o f l a rge r size ; i t 
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communicates b y means o f the nervous and vascular f o r a m i n a 
w i t h the acoustic chamber i n the t h i c k l a t e ra l w a l l : t h i s i n s u l a t i o n 
o f t he l a b y r i n t h is c o m m o n t o the Plagiostomes. T h e c ran ia l 
c a v i t y is closed b y membrane a n t e r i o r l y . T h e f o r a m i n a f o r the 
fifth pa i r o f nerves m a r k t h e £ a l i sphenoida l ' p o r t i o n o f the endo-
car t i lage : those f o r the op t ic nerves the ' o rb i tospheno ida l ' p a r t : 
t he ' p r e f r o n t a l ' p o r t i o n is m a r k e d b y the o l f a c t o r y f o r a m i n a , and 
t h e i r a r t i c u l a t i o n w i t h the pala t ine p a r t o f the m a x i l l a r y a rch . 

T h e ex t e r i o r o f the s k u l l is v a r i o u s l y and s i n g u l a r l y m o d i f i e d i n 
d i f f e r e n t Sharks and R a y s , the developement p roceed ing f r o m t h e 
advanced car t i lag inous stage j u s t described, t o establish pecul ia r 
plagiostomous characters, and to adapt the i n d i v i d u a l t o i t s special 
sphere o f existence. 

T h e same genera l confluence o f car t i lage , w h i c h pervades the 
p r o t e c t i n g w a l l s o f the brain-case, characterises the appended 
arches o f the c r a n i u m . A s ingle s t r ong suspensory pedic le , fig. 
30 , c, a r t i c u l a t e d to the side o f the s k u l l benea th the pos te r ior 
angula r (mas to id ) process, has the hyo idean , a n d p a r t l y the m a n 
d i b u l a r , 1 arches at tached t o i t s l o w e r end, the f o r m e r , d, b y a close 
j o i n t , the l a t t e r b y t w o l igaments . T h e m a x i l l a r y a rch , i n Squa-
tina, is suspended b y a l i g a m e n t f r o m i t s ascending or pa la ta l 
process, t o the n o t c h b e t w e e n the v o m e r i n e and the an te r io r 
supracran ia l ca r t i l ag inous p la te . F r o m th i s p o i n t the j a w is con
t i n u e d i n one d i r e c t i o n f o r w a r d and i n w a r d , c o m p l e t i n g the a rch , 
i b . e, b y m e e t i n g i t s f e l l o w , t o w h i c h i t has a close l igamentous 
j u n c t i o n ; and i n the opposite d i r e c t i o n , b a c k w a r d and o u t w a r d , as 
a coalesced d i v e r g i n g appendage to the ou te r side o f the tympanic . 
pedic le , w h e r e i t f o r m s t h e more i m m e d i a t e a r t i c u l a t i o n f o r the 
l o w e r j a w , l i k e t h e h y p o t y m p a n i c c o n t i n u a t i o n o f t h e u p p e r 
m a x i l l a r y bone i n the B a t r a c h i a , fig. 7 1 , e. E a c h l a t e r a l h a l f or 
ramus o f the m a n d i b l e , fig. 30 , d, consists o f a s ingle ca r t i l age , 
the t w o b e i n g u n i t e d toge the r a t t h e symphys i s b y l i g a m e n t . 

T w o slender l a b i a l car t i lages , i b . f , are deve loped o n each 
side the m a x i l l a r y , a n d one, g, o n each side t h e m a n d i b u l a r 
a r c h ; w h i c h comple te t h e sides o f t h e m o u t h . These car t i lages 
C u v i e r r ega rded as r u d i m e n t s , r e spec t ive ly , o f t h e m a x i l l a r y 
and d e n t a r y bones, t h e den t ige rous m a x i l l a r y a r ch as the pa la t ine 
bones, a n d t h e m a n d i b u l a r a r ch as t h e a r t i c u l a r piece o f the 
l o w e r j a w : b u t b o t h palat ines a n d a r t i cu la r s co-exis t w i t h 
l a b i a l car t i lages , l i k e those o f Squatina, i n a B r a z i l i a n T o r p e d o 

1 Throughout this work the term ' mandible' is applied to the lower jaw, and the 
inverted cranial arch which that jaw completes is called * mandibular:' the arch 
formed by the upper jaw is called 'maxillary.' 
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(Narcine), and at t he same t i m e w i t h d i s t i n c t p t e r y g o i d 
car t i lages . 1 

F o u r or five shor t car t i lag inous rays d ive rge f r o m the pos ter ior 
m a r g i n o f the t y m p a n i c pedicle , i b . c, and suppor t a membrane 
answer ing to the opercular flap i n Osseous fishes; i n t h e i r u l t i m a t e 
homology these rays are the ske le ton o f the d i v e r g i n g appendage 
or l i m b o f the t y m p a n o - m a n d i b u l a r a rch . 

T h e h y o i d a rch i n Squatina, as i n mos t o ther Plagios tomes, 
consists o f t w o l o n g and s t rong cerato-hyals , and a med ian flat

t ened s y m m e t r i c a l piece, 
t he bas i -hyal . S i x short 
ca r t i l ag inous rays ex tend 
ou twards f r o m the back 
p a r t o f the cornua , suppor t 
i n g the ou te r membranous 
w a l l o f t h e b ranch ia l sac: 
these answer to the b r a n -
chiostegal rays i n osseous 
fishes, and suppor t the d i 
v e r g i n g appendage or l i m b 
o f the hyo idean arch. B u t 
the f o l d o f i n t e g u m e n t i n 
w h i c h t h e y p r o j e c t is no t 
l i be r a t ed , a n d is cont inuous 
w i t h t h a t suppor ted b y the 
opercular rays f r o m the 
t y m p a n i c pedic le . F i v e 
b ranch i a l arches, fig. 3 0 , 
l , 2, 3, 4, 5, succeed the 
h y o i d e a n ; b u t are sus
pended, as i n t h e L a m 
p r e y , f r o m the sides o f the 
an te r io r vertebrae o f the 
t r u n k . I n the Sea-hound 
(Scymnus lichia),{ig. 6 3 , t h e 
cera tobranchia ls , / , / , and 
basibranchials , e, e, are 
shown , w i t h the f r a m e -

Skull with branchial and scapular arches, Scymnus. XLin. w O r k o f the g i l l s , ff, 1. B e -
H h i n d these arches is the sca-

pulo-coracoid arc, 52, u n i t e d b y ca r t i l ag inous conf luence at the 
m i d - l i n e , n o t b y l i g a m e n t as i n the S tu rgeon . 

1 xxr. 1835, pi. v. figs. 3 & 4. It may be questioned whether the detached plate, 
called palatine by Dr. Henle, be not rather the entonterygoid. 
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T h e Cestracion, so i n t e r e s t i n g f r o m i t s ear ly i n t r o d u c t i o n i n t o 
the seas o f t h i s p lane t , is n o t so f a r advanced i n c ran ia l de
ve lopemen t as is the more m o d e r n Squatina. I n the e x i s t i n g 
species o f the A u s t r a l i a n seas (Cestracion Phillipi), the c a r t i l a g i 
nous bas iocc ip i ta l re ta ins a deep conical excavat ion, adapted to a 
cor respond ing one i n the atlas, w h i c h c a v i t y is consolidated b y 
car t i lage i n the Squatina ; the o r i g i n a l place o f the extended ante
r i o r end o f the chorda, a long the midd l e o f the poster ior h a l f o f 
the bas icrania l car t i lage , cont inues membranous , and the p i t u i 
t a r y p e r f o r a t i o n is p e r m a n e n t l y closed b y membrane o n l y ; the 
basal car t i lage expands an te r io r t o t h i s , and comes i n t o close 
connec t ion w i t h the m a x i l l a r y a rch , and is thence con t inued 
f o r w a r d , c o n t r a c t i n g to a p o i n t be tween the nasal capsules, w h i c h 
meet a t the m i d d l e l i n e above the symphys is o f the uppe r j a w . 
T h e p roper c ran ia l car t i lage is t h i n n e r t h a n i n the Squatina; 
the an te r io r or p inea l fon tane l l e f o r m s an extended membranous 
t r a c t on the uppe r p a r t o f the c r a n i u m ; t he v e r t i c a l r idges , w h i c h 
rise f r o m the sides o f th i s t r a c t , e x t e n d f o r w a r d and o u t w a r d to 
suppor t the nasal sacs, and are c o n t i n u e d b a c k w a r d , i n t e r r u p t e d 
b y a n o t c h filled b y membrane , t o the poster ior angu la r processes, 
w h i c h overhang the j o i n t o f the m a x i l l o - h y o i d e a n pedicle . T h e 
m a x i l l a r y and m a n d i b u l a r arches are as s imple as i n Squatina, 
b u t m u c h s t ronger , since t h e y suppor t a series o f massive g r i n d i n g 
t ee th , as w e l l as po in t ed ones, or laniaries . T h e r a m i o f the l o w e r 
j a w are conf luen t a t the symphysis . 

T h e Skates and R a y s have the s k u l l m o v a b l y a r t i cu l a t ed , as i n 
Squatina, b y t w o basi lar condyles and an i n t e r v e n i n g space, t o 
the axis. T h e s k u l l is flat and b r o a d ; t he u p p e r w a l l m e m 
branous f o r a grea ter or less ex t en t , fig. 64 , excep t i n Narcine, 
where i t is closed b y car t i lage . T h e an te r io r or vom er ine p a r t 
f o r m s a l o n g p y r a m i d a l r o s t r u m , t o w h i c h are u s u a l l y a r t i c u l a t e d 
cart i lages connec t ing i t s ex t r emi t i e s w i t h t he an te r io r angles o f 
the enormous ly developed pec to ra l fin, i b . 12: i n the space 
be tween the s k u l l and those fins, t he T o r p e d o carries i t s e lec t r ic 
bat ter ies . T h e t y m p a n i c pedicles, are shor t and t h i c k ; t he 
m a x i l l a r y and m a n d i b u l a r arches l o n g and w i d e , s t r e t c h i n g t rans 
verse ly across t h e u n d e r p a r t o f the head. 

I n t he o r d i n a r y Sharks the f o r w a r d p r o l o n g a t i o n o f the c r an i a l 
c a v i t y gives a q u i t e an t e r io r pos i t i on , and a lmost v e r t i c a l p lane , 
t o t he f o n t a n e l l e : th ree c o l u m n a r r o s t r a l car t i lages are "produced, 
t w o f r o m above, a n d one f r o m b e t w e e n the nasal cavi t ies , w h i c h 
processes converge a n d coalesce t o f o r m the f r a m e w o r k o f a k i n d o f 
c u t - w a t e r , a t t he f o r e - p a r t o f the s k u l l . I n the place o f a r t i c u l a r 
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condyles , processes e x t e n d b a c k w a r d f r o m each side o f the occ i 
p i t a l f o r a m e n and clasp, as i t we re , t he bodies o f t h ree or f o u r 
an te r io r vertebra? o f the t r u n k . T h e p t e rygo idean arches ex tend 
o u t w a r d , i n Carcharias, f r o m the base o f the c r a n i u m , b u t , as i n 
embryo osseous fishes, are conf luen t t h e r e w i t h a t b o t h ends. T h e 
m a x i l l a r y a rch , suspended near i t s closed an te r io r e x t r e m i t y to 

the vomer ine p a r t o f the base o f the s k u l l , is thence ex tended 
b a c k w a r d to the a r t i c u l a t i o n o f the l o w e r j a w . A s imple c a r t i 
laginous pedicle fo rms the uppe r p a r t ( p l e u r a p o p h y s i s ) o f the 
mand ibu l a r a rch , w h i c h is comple ted b e l o w b y the l o w e r j a w . A 
f e w car t i l ag inous rays d ive rge o u t w a r d and b a c k w a r d f r o m the 
pedic le , and suppor t a smal l opercu la r flap or fin. T h e h y o i d 
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a r c h consists o f a ba s ihyo id and t w o s imple cera tohyoid c a r t i 
lages ; t he s t y l o h y a l is l igamentous , as i n the Squatina. S h o r t 
ca r t i l ag inous rays d ive rge f r o m the ce ra tohya l to suppor t the 
branchios tega l membrane , or h y o i d fin. T h e scapular a r ch , 
w h i c h w e sha l l find n o r m a l l y a r t i cu l a t ed w i t h the occ ipu t i n 
osseous fishes, is a t tached there to , at a l i t t l e distance b e h i n d the 
head, b y l i g a m e n t and muscles i n the Sharks , fig. 30 , 5 1 : f r o m 
th is a rch , also, car t i lag inous rays , i b . k, I, i m m e d i a t e l y d ive rge f o r 
the suppor t o f a radia ted appendage or fin—the homotype o f the 
t y m p a n i c or opercular fin. 

T h e capsules o f the special organs o f sense are a l l ca r t i l ag inous : 
t h a t o f the ear is i n v o l v e d i n the l a t e r a l 
wa l l s o f the c r a n i u m ; t h a t o f the eye is 
a r t i c u l a t e d b y a ca r t i l ag inous pedic le w i t h 
the o r b i t ; and t h a t o f the nose, figs. 30 and 
63 , b, is overarched b y the nasal processes 
o f the ep ic ran ia l car t i lage , i b . a, and is 
comple ted b e l o w b y membrane . A t the 
s u m m i t o f the o c c i p u t i n Carcharias and 
some o ther sharks m a y be seen t w o closely 
a p p r o x i m a t e d o v a l i fenestra?,' w h i c h lead 
to the acoustic l a b y r i n t h , a n d are covered 
b y s k i n i n the recent fish. 

A m o n g s t the s t ranger f o r m s i n w h i c h 
special deve lopement radiates, i n d i v e r g i n g 
f r o m t h a t stage o f the c o m m o n ver tebra te 
r o u t e a t t a ined b y the Plagios tomes , m a y 
be no t i ced the l a t e r a l t ransverse e longa
t ions o f the o r b i t a l processes, s u p p o r t i n g 
the eyeballs a t t h e i r e x t r e m i t y , and g i v 
i n g the pecu l ia r f o r m to the s k u l l o f 
ce r t a in Sharks , thence ca l led ' H a m m e r -
headed ' (Zygcena). I n the f S a w - f i s h ' 
{Pristis), the r o s t r u m , fig. 65 , is p roduced 
i n t o a l o n g , flat, p la te , h a v i n g a r o w o f 
t o o t h - l i k e bodies i m p l a n t e d i n sockets a l o n g 
each m a r g i n . T h e w a l l s o f these sockets 
and the m i d p a r t o f the r o s t r u m are ossif ied. 
T h e p rope r j a w s and t e e t h a have the u sua l i n f e r i o r pos i t i on i n t h e 
Sharks . I n the E a g l e - r a y (Myliobates) a car t i lage is a t tached to 
the an t e r i o r p r o l o n g e d angle o f t h e g rea t p e c t o r a l fin, a n d con
nects i t w i t h the f o r e p a r t o f the c r a n i a l ( i n t e r n a s a l ) c a r t i l a g e ; 
i t suppor t s a n u m b e r o f b ranched a n d j o i n t e d ca r t i l ag inous rays , 
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a 
Mouth and rostrum of Saw-fish 

(Pristis). 
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w h i c h p ro j ec t f o r w a r d , and are connected a t t he m i d d l e l i n e 
w i t h a l i k e series f r o m the opposite side o f the h e a d ; t h e y m a y 
be regarded as p a r t i a l d i smemberments o f the grea t pectorals ' ; 
and i n Rhinoptera Braziliensis t h e i r s u p p o r t i n g car t i lage is 
d i r e c t l y con t inued f r o m t h a t o f the pec to ra l fins, t h o u g h i t is 
closely a t tached to the fo re p a r t o f the head. These f o r m w h a t 
M u l l e r has t e r m e d ' c r an ia l fins;' b u t the par ts more p r o p e r l y 
m e r i t i n g t h a t name are the opercular and branchios tega l appen
dages o f the t y m p a n i c and hyo idean arches. 

§ 28 . Skull of Protopteri. — T h u s f a r w e have seen t h a t the base 
o f the s k u l l is first f o r m e d b y the an t e r io r p r o l o n g a t i o n o f the 
no tochord and the expansion t h e r e f r o m o f i t s capsule; and tha t the 
c ran ia l c a v i t y resul ts f r o m the ex tens ion o f the ou te r l aye r o f tha t 
membrane over the an te r io r end o f the nervous axis . W e saw 
n e x t the superaddi t ion o f special capsules f o r the organs o f sense; 
and the car t i lag inous tissue developed i n the no tochorda l sheath 
a t the base and sides o f the c r a n i u m , accord ing t o a pa t t e rn 
common to the lowes t and to the embryos o f the h i g h e r ver tebra ta . 
W e saw the car t i lag inous tissue a c q u i r i n g a firmer t e x t u r e , ha rd 
ened b y super f i c i a l osseous gra ins , or tesserae, m o u n t i n g h igher 
u p o n the l a t e ra l and uppe r wa l l s o f the c r a n i u m , and at l e n g t h 
e n t i r e l y de fend ing i t : and w e t h e n also recognised the m a x i l l a r y , 
mand ibu l a r , and hyo idean arches, established i n a firm car t i laginous 
ma te r i a l , and on a recognisable i c h t h y i c t y p e . 

W e have n o w to trace the course a n d the f o r m s u n d e r w h i c h 
the osseous m a t e r i a l is superadded t o , o r s u b s t i t u t e d f o r , the 
p r i m i t i v e car t i l ag inous m a t e r i a l o f the s k u l l ; and the r emarkab le 
L e p i d o s i r e n , whose organisa t ion was first made k n o w n as i n the 
generic f o r m cal led Protopterus,1 offers a t r a n s i t i o n a l step, i n the 
shape a j i d s t r uc tu r e o f i t s s k u l l , b e tween the g r i s t l y a n d t h e b o n y 
cold-blooded vertebrates . 

I n the L e p i d o s i r e n , ossif icat ion o f the c ran ia l end o f t h e n o t o 
cho rd extends a long the under and l a t e r a l p a r t o f i t s sheath, 
b a c k w a r d to beneath the atlas, fig. 4 1 , i , t he pos te r io r s l i g h t l y 
expanded end o f th i s ossified pa r t s u p p o r t i n g , as i n Squatina, 
the neurapophyses o f the atlas, fig. 66 , n, the bases o f w h i c h 
expand and meet above the n o t o c h o r d a n d b e l o w the spinal 
canal. Oss i f ica t ion o f the no tochorda l sheath c o m m e n c i n g at 
i t s unde r pa r t , i b . b, ascends u p o n the sides o f the n o t o c h o r d as 
i t advances f o r w a r d , and encloses i t above, w h e r e i t suppor ts t h e 
m e d u l l a oblongata , and the l a t e r a l b o n y plates (neurapophyses ) 

1 XXXIII. 



ANATOMY OF VERTEBRATES. 83 

ca l led exoccipi ta ls , i b . 2 ; l e a v i n g b e h i n d a w i d e ob l ique conca 
v i t y l o d g i n g the an te r io r unoss i f ied end o f the 
no tochord , w h i c h does n o t ex t end f u r t h e r u p o n the 
basis c r a n i i . T h e exoccipi ta ls , i b . 2, 2, expand as 
t h e y ascend and converge to meet above the e f o r a 
m e n m a g n u m ' w h i c h t h e y complete . A smal l mass 

<D j ± Atlas and 
o f car t i lage connects t h e i r uppe r ends w i t h each occipital vertebra, 
o ther , and w i t h the ove rhang ing b a c k w a r d l y p r o 
j e c t i n g p o i n t o f the f r o n t o c c i p i t a l spine, i b . 3. T h i s ca r t i l a 
g inous mass answers to the base o f the superocc ip i ta l i n be t te r 
ossif ied fishes: a s imi la r car t i lage connects the exoccipi ta ls w i t h 
the occ ip i t a l spine i n the Tetrodon. 

We c l ea r ly perceive i n the L e p i d o s i r e n t h a t oss i f ica t ion , ad
v a n c i n g on the c o m m o n car t i l ag inous m o u l d o f the piscine s k u l l , 
has m a r k e d o u t the neurapophyses and c e n t r u m o f the pos ter ior 
c ran ia l ve r t eb ra . T h e occ ip i t a l pleurapophyses , ca l led (scapula?,' 
fig. 4 1 , 51, appear as s t rong , b o n y , s t y l i f o r m appendages, a r t i c u 
l a t ed b y a s y n o v i a l capsule and j o i n t , one o n each side, t o the ex-
a n d basi-occipi tals . T o the pleurapophyses are a t tached the uppe r 
ex t r emi t i e s o f the haemapophyses (coracoids, fig. 4 1 , 52) w h i c h 
u n i t e toge ther b e l o w , and thus complete the haemal a rch o f the 
o c c i p i t a l ve r t eb ra , here u n u s u a l l y developed i n r e l a t i o n to i t s 
of f ice o f p r o t e c t i n g the hea r t and p e r i c a r d i u m . T h e coracoids 
b e l o n g t o the same ca tegory o f v e r t e b r a l elements as the s te rna l 
r i b s w h i c h p ro tec t the hear t i n h ighe r Y e r t e b r a t a . T h e haemal 
a rch o f the occ ip i t a l ve r t eb ra o f the L e p i d o s i r e n suppor ts a filiform 
appendage, i b . 57; i t is the k e y t o the h o m o l o g y o f the an te r io r 
o r uppe r l i m b s o f the h ighe r V e r t e b r a t a . 

I n the second ( p a r i e t a l ) and t h i r d ( f r o n t a l ) c r an i a l vertebrae, 
oss i f icat ion extends a long the basal and a long the sp ina l e lements , 
b u t n o t i n t o the neurapophys ia l or l a t e r a l e l emen t s ; these r e m a i n 
ca r t i l ag inous i n c o n t i n u a t i o n w i t h the car t i lage s u r r o u n d i n g t h e 
i n t e r n a l ear. T h e basal oss i f ica t ion, r ep resen t ing a t i t s pos te r io r 
end the b o d y o f the atlas, t h e n the bas iocc ip i t a l , expands as 
i t advances a l o n g t h e base o f the s k u l l i n the s i t u a t i o n o f t h e 
sphenoids, c o n s t i t u t i n g t h e floor o f t h e cerebra l chamber , sup
p o r t i n g the m e d u l l a ob longa ta , the h y p o p h y s i s , t he c r u r a a n d 
lobes o f the c e r e b r u m , a n d t e r m i n a t i n g a l i t t l e i n advance o f the 
o l f a c t o r y lobes b y a b road t ransverse m a r g i n , b o u n d i n g a t r i a n g u l a r 
space l e f t b e t w e e n i t and the c o n v e r g i n g pa la t ine arches, w h i c h 
space is filled b y the pers i s ten t e v o m e r i n e ' ca r t i l age . T h e sides 
o f the bas icrania l p la te b e n d d o w n t o a b u t agains t the bases o f 
the p t e r y g o i d plates. I n t h i s expans ion o f the basisphenoid the 

G 2 



S4 ANATOMY OF VERTEBRATES. 

L e p i d o s i r e n resembles the Plagios tomes . T w o r idges r ise f r o m the 
u p p e r surface o f the bas ioccipi to-sphenoidal p la te , near i t s ou te r 
m a r g i n , and suppor t the car t i l ag inous l a t e r a l wa l l s o f the c r a n i u m . 
T h e c ran ia l c a v i t y is defended above b y a l o n g i t u d i n a l b o n y roof , 
fig. 67 , 11, nea r ly coextensive w i t h t h e b o n y floor b e n e a t h : the 
r o o f commences b e h i n d b y the spine or p o i n t w h i c h overhangs the 
exoccipi ta ls , g r a d u a l l y expands as i t advances, r e s t i n g u p o n the 
car t i lag inous wa l l s o f the c r a n i u m , is t h e n sudden ly cont rac ted , and 
is u n i t e d a n t e r i o r l y b y fibrous l i g a m e n t to t h e ascending process o f 
t h e p a l a t o - m a x i l l a r y a rch , 20, and t o the base o f the haso-premax-
i l l a r y p la te , 15. A s t rong sharp crest or spine rises f r o m above the 
w h o l e o f the m i d d l e l i n e o f t h e c r an i a l roof -bone , w h i c h m a y be 
regarded as r ep resen t ing the m i d - f r o n t a l , t he pa r i e t a l , and super-
occ ip i t a l bones, or , i n more genera l t e rms , the n e u r a l spines o f the 
th ree c ran ia l vertebra?: b u t th i s supracran ia l bone n o t o n l y covers 
the m e d u l l a oblongata , ce rebe l lum, op t i c lobes, p inea l sac, and 
cerebra l hemispheres, b u t also the o l f a c t o r y lobes. T h e la te ra l 
car t i lag inous wa l l s o f the c r a n i u m are c o n t i n u e d f o r w a r d f r o m the 
acoustic capsule be tween the basal and super ior osseous p la tes : 
t he pa r t pe r fo ra t ed b y the fifth pa i r o f nerves , and p ro t ec t i ng 
the side o f the op t ic lobes, represents the e a l i s p h e n o i d ' : the 
n e x t p o r t i o n i n advance, p r o t e c t i n g t h e sides o f the cerebral 
hemispheres and pe r fo ra t ed b y the op t i c ne rve , answers t o the 
o r b i t o s p h e n o i d : and the car t i lage t e rmina tes b y a ' p r e f r o n t a l ' pa r t 
w h i c h is pe r fo ra t ed b y the o l f a c t o r y nerve , and w h i c h abuts l a t e r a l l y 
against the ascending or pala t ine process o f the m a x i l l a r y a rch . 

T h e ex tens ion o f the l a t e r a l cart i lages o f the c r a n i u m f o r w a r d 
and d o w n w a r d to f o r m the a r t i c u l a t i o n f o r the l o w e r j a w , is l i k e 
t h a t i n the Chimgera and ba t rach ian l a r v a , fig. 6 9 A , e ; b u t ossifica

t i o n has co-extended a long t w o t rac t s , w h i c h con
verge as t h e y descend, one, fig. 4 1 , 28, f r o m above 
and b e h i n d to the ou te r , t h e o ther , i b . 23, f r o m before 
to the inne r , side o f the ca r t i l ag inous m a n d i b u l a r 

Cranial spines and 
j o i n t , w h i c h these b o n y plates s t r e n g t h e n a n d sup-

u p p e S f P o r t ^ t h e backs o f a book . T h e pos te r ior o f these 
is the t y m p a n i c , the an te r io r one t h e p t e r y g o i d , 

w h i c h is con f luen t w i t h the p a l a t o - m a x i l l a r y bone, the dent igerous 
p a r t o f w h i c h extends o u t w a r d , d o w n w a r d , and b a c k w a r d , fig. 67 , 
21, b u t does n o t reach, as i n the Sharks and R a y s , the m a n d i b u l a r 
j o i n t . F r o m the uppe r p a r t o f the p a l a t o - m a x i l l a r y a compressed 
sharp process, i b . 20, ascends o b l i q u e l y b a c k w a r d , a n d t e rmina te s 
i n a p o i n t : the i n n e r side o f th i s process is c lose ly a t t ached b y 
l i g a m e n t to the fo re and ou te r p a r t o f the f r o n t a l p o r t i o n o f t h e 
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ep ic ran ia l bone, i b . 1 1 ; t h e ou te r side o f the process is excavated 
f o r the r ecep t ion o f the ou te r and an te r io r process o f the super-
t e m p o r a l bone. T h i s bone, fig. 4 1 , 12, i n connec t ion w i t h the 
ascending process o f the m a x i l l a r y , i b . 20, f o r m s the uppe r p a r t 
o f the o r b i t , a n d b e h i n d th i s connect ion i t sends o u t the post-
o r b i t a l process, b e y o n d w h i c h i t extends b a c k w a r d , f r e e l y over
h a n g i n g the f r o n t o - o c c i p i t a l , and g r a d u a l l y decreasing to a p o i n t , 
a n d g i v i n g a t t achment to the an te r io r end o f the g rea t dorso- la teral 
muscles o f the t r u n k . T h i s bone is flat above l i k e a scale, a n d 
f r o m i t s super f i c i a l pos i t ion m i g h t be classed w i t h the d e r m a l 
s k e l e t o n : the s t r ong t e m p o r a l muscle is a t tached to the t w o 
surfaces, d i v i d e d b y the r i d g e o n i t s i n f e r i o r p a r t : i t is movab le 
u p and d o w n u p o n i t s an te r io r l igamentous u n i o n . I t represents 
the pos to rb i t a l and supra tempora l bones i n Ganocephala. 

E a c h ramus o f the l o w e r j a w is composed o f an a r t i c u l a r , i b . 29, 
and a den ta ry , i b . 32, piece, the l a t t e r anchylosed toge ther a t t he 
symphys i s , and c o m p l e t i n g the t y m p a n o - m a n d i b u l a r arch. T h e 
a r t i c u l a r piece is a s imple slender p la te , s t r e n g t h e n i n g the ou t e r 
p a r t o f the a r t i c u l a r concav i ty o f the j a w , and c los ing the ou t e r 
g roove o f the den ta ry , a long w h i c h i t is c o n t i n u e d f o r w a r d to near 
the symphys i s , whe re i t ends i n a p o i n t . T h e a r t i c u l a r t roch lea is 
f o r m e d b y the pers is tent car t i lage . T h e den t a ry piece has t h e 
no tched and t r e n c h a n t d e n t i n a l pla te anchylosed t o i t , and sends 
u p a s t r o n g coronoid process. Se r i a l h o m o l o g y guides i n the 
d e t e r m i n a t i o n o f the special one o f the p a r t o f the u p p e r j a w t o 
w h i c h the den ta ry is opposed. B e h i n d the t y m p a n i c is the p r e -
opercular , fig. 4 1 , 34. T h e cera tohya l , 40, is suspended t o the 
pe t rosa l car t i lage close b e h i n d the t y m p a n i c p e d i c l e ; i t j o i n s i t s 
f e l l o w b e l o w w i t h o u t the i n t e r v e n t i o n o f a b a s i h y a l : i t suppor ts a 
branchios tegal r a y , 37. 

I n the Ganocephala t he head was connected b y l i g a m e n t , as i n 
the Protopteri, t o t h e v e r t e b r a l c o l u m n o f the t r u n k , and c h i e f l y 
b y the bas iocc ip i ta l pa r t . T h e t e m p o r a l vacui t ies w e r e more 
comple t e ly r o o f e d over b y bone, i n c l u d i n g the p o s t o r b i t a l a n d 
super t empora l ossif icat ions. 

§ 29 . Skull of Batrachia.— I n m o d e r n members o f t h i s o rder 
t h e oss i f icat ion o f the s k u l l , l i k e i t s c h o n d r i f i c a t i o n i n Plagiostomi, 
is s i m p l i f i e d , or so con t inuous as to ind ica te b u t obscure ly i t s essen
t i a l l y segmental cha rac te r : a n d th i s c o n d i t i o n w i l l be n o t i c e d 
before e n t e r i n g u p o n the desc r ip t i on o f the c o m p l e x a n d i n s t r u c 
t i v e osteology o f the head i n the m o r e spec ia l ly deve loped and 
d i v e r g e n t cold-blooded V e r t e b r a t e s , ca l l ed c b o n y fishes.' 

I n Batrachia the p lag ios tomous a r t i c u l a t i o n o f t h e head to the 
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t r u n k b y a pa i r o f condyles, fig. 7 2 , <?, e, is resumed. T h e c h i e f steps 
i n the developement o f the ba t rach ian s k u l l w i l l be p remised before 
e n t e r i n g u p o n the var ious modi f i ca t ions . I n the l a r v a o f the f r o g , 
fig. 4 2 , the outer l aye r o f the no tochorda l capsule expands at the 
fo re pa r t o f t h a t v e r t e b r a l basis t o enclose the b r a i n , and i t s appen
dages, the sense-organs. T h e car t i lage t h e r e i n developed, fig. 68, 
as the head expands, f o r m s an occ ip i to-pe t rosa l mass, fig. 4 2 , 
16, i n c l u d i n g l a t e r a l l y the ear-capsules; i t b i fu rca t e s a n t e r i o r l y 
i n t o the ' sphenoidal arches,' w h i c h r e u n i t e i n f r o n t o f an ob long 
h y p o p h y s i a l space t o f o r m a b road p r e f r o n t o - v o m e r i n e mass. T h e 
occip i to-pet rosa l car t i lage sends o u t o n each side a t h i c k ' masto-
t y m p a n i c ' process, w h i c h b i f u r c a t e s ; t he d i v i s i o n d i rec ted f o r 
w a r d and i n w a r d fig. 4 2 , 26, is t he ' p t e r y g o i d ; ' t h a t passing 
f o r w a r d and d o w n w a r d is the ' h y p o t y m p a n i c . ' T o the back pa r t 
is a t tached the h y o i d car t i lage , i b . 40: t o the end is at tached the 
' m a n d i b u l a r ' car t i lage , i b . 30, fig. 69A, d, also ca l led ' M e c k e l ' s 
process.' T h e subsequent oss i f icat ion begins p a r t l y i n the c a r t i 
lage, p a r t l y i n the pers is tent no tochorda l m e m b r a n e : the first 
m a y be cal led ' chondrogenous, ' t he second ' sc lerogenous ' bones : 
some are disposed to r e g a r d the first o n l y as ' endoskeletal , ' the 
l a t t e r as ' exoskeletal . ' 

T o the first ca tegory be long the neurapophyses o f t h e occiput , 
exoccipi ta ls , figs. 43 and 68 , 2 ; each o f w h i c h developes a ' zygapo

physis ' or condy le , fig. 73 , e, f o r the atlas, fig, 4 3 , a: 
any petrosal oss i f ica t ion u p o n the ear-capsule is a 
g r o w t h f r o m the exocc ip i t a l a n d f r o m the alisphe-
n o i d , i b . 6: the expanded disc o f the ' c o l u m e l l a ' or 
' s t a p e s ' is a d i s t i n c t ossicle, b e t w e e n 2 a n d 25, 
fig. 43.; as is also the ' h y p o t y m p a n i c ' a r t i c u l a t i o n , 
i b . 29, f o r the mand ib l e , 30,32. T h e neurapophyses 
o f the t h i r d segment, ' o rb i tosphenoid , ' figs. 4 2 and 

Incipient ossification _ f 3 . i * o 
of the skuii. Larva 4 3 , 10, pe r fo ra t ed b y the op t i c nerves , are ossif ied 

i n the ca r t i l ag inous basis, as are those o f the 
f o u r t h segment ( p r e f r o n t a l s ) , figs. 4 2 , 4 4 , 68 , 14, p e r f o r a t e d b y 
the o l f a c t o r y ne rves ; w h i l s t those o f the second segment , ' a l i -
sphenoids, ' i b . 6, pe r fo ra t ed b y the t r i g e m i n a l , l onge r r e m a i n 
g r i s t l y . A l l the chondrogenous elements are t h i c k bones. 

F r o m the membranous basis o f the s k u l l are deve loped the 
f o l l o w i n g bones, w h i c h are more or less l a m e l l i f o r m . T h e basi-
occip i to-sphenoidal p la te , fig. 73 , m, f o r m s the base o f t h e s k u l l 
f r o m the condyles to the vomer ine car t i lage . T h e m a s t o t y m -
panic , fig. 4 3 , 25, fig. 44,^ 8,̂  25, fig. 68 , 8, extends f r o m t h e 
mas to id car t i lage , w h e r e i t is broadest , t o the outs ide o f the 

68 
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h y p o t y m p a n i c , fig. 4 3 , 29. T h e par ie ta ls , i b . , 4 4 and 68 , 7, and 
a f t e rwa rds the f r o n t a l s , i b . i b . , u , progress ive ly cover the ' f o n 
tane l le ' above, as the basioccipi to-sphenoid covers the h y p o p h y s i a l 
v a c u i t y b e l o w . A n a n t o r b i t a l p la te , fig. 72 , b, extends f r o m the 
f r o n t a l t o the m a x i l l a r y . T h e premaxi l l a r ies , a t first beak-shaped, 
figs. 4 2 , 22, and 6 9 A , n, expand t ransverse ly as the m o u t h widens 
to f o r m i t s f o r e - p a r t , fig. 7 1 , 
n: e x t e r n a l t o the p r e m a x i l l a r y 
pedicles begins the ossif icat ion o f 
the t u r b i n a l s . T h e ' p t e r y g o i d 
p la te , ' fig. 4 3 , 24, extends t o the 
i n n e r side o f the h y p o t y m p a n i c , 
29, and f o r w a r d to the ' pa la t ine ' 
bone, a n d the b i f i d dent igerous 
' v o m e r i n e ' p l a t e , fig. 73 , / , I. 
F r o m the membrane c o v e r i n g 
' M e c k e l ' s car t i lage , ' figs. 6 9 A and 70 , d, are exc lu s ive ly developed 
the m a n d i b u l a r elements, t he ' angula r , ' fig. 4 3 , 30, and ' den ta ry , ' 
i b . 32, b e i n g the c h i e f ; the re is also a ' sp lenia l , ' w h i c h i n some 
perenn ibranch ia te B a t r a c h i a suppor ts t ee th . A s the mand ib l e , 
fig. 7 1 , d, lengthens , t he t y m p a n i c , i b . e, shortens and becomes 
more v e r t i c a l , and the h y o i d a rch , i b . a, sh i f t s i t s a t t achment to 
the pet rosal , close b e h i n d , b u t d i s t i n c t f r o m , the t y m p a n i c . 

I n the L e p i d o s i r e n the a l i - and orbi to-sphenoids and the h y p o 
t y m p a n i c r e m a i n c a r t i l a g i n o u s ; 
p remax i l l a r i e s are represented 
b y t h e i r ascending o r f a c i a l 
par ts coalesced i n t o a s ingle 
p la te , s u p p o r t i n g the t w o p r e 
hensile tee th . T h e pos to rb i t o -
guper temporals , fig. 4 1 , 12, are 
' d e r m a l ' or scleral bones, over 
l a p p i n g the f r o n t o - par ie tals . 
T h e y are n o t p resen t i n m o d e r n Ba t rach ia . 

I n the A x o l o t l (Axolotes marmoratus), the bas iocc ip i ta l is r e p r e 
sented b y the pos te r io r p a r t o f t h e c o m m o n b road and flat bas i -
c ran ia l bone. T h e exocc ip i ta l s are separated b e l o w b y th i s process, 
and above b y a ca r t i l ag inous represen ta t ive o f the superocc ip i t a l . 
E a c h exocc ip i t a l developes a sma l l , a lmos t flattened c o n d y l e , 
an t e r io r t o w h i c h i t is p e r f o r a t e d b y the e i g h t h pa i r o f nerves ; i t 
a r t icu la tes above w i t h the p a r i e t a l and m a s t o t y m p a n i c , and is 
separated f r o m the a l i spheno id b y t h e l a rge ca r t i l ag inous pe t rosa l , 
t o w h i c h a sma l l d iscoid represen ta t ive o f the stapes is a t tached, 



88 ANATOMY OF VERTEBRATES. 

c los ing the homologue o f t h e ' f enes t ra oval is . ' T h e basi-
sphenoidal p o r t i o n o f the bas icrania l p la te sends o u t an angular 
process o n each side, w h i c h suppor ts t h e a l i sphenoid . T h e 
surfaces o f the a l i sphenoid are d i r e c t e d f o r w a r d and b a c k w a r d , 
ins tead o f f r o m side to side, and i t cons t i tu tes c h i e f l y the anter ior 
parietes o f the o toc rane ; the i n n e r a n d an te r io r border is 
no tched b y the grea t t r i g e m i n a l ne rve . T h e par ie ta ls are l o n g 
and broad , d i v i d e d b y the sag i t t a l su tu re , and impressed at the 
pos ter ior and ou te r angle b y the an te r io r a t t achment o f the great 
dorsal t runk-musc les . T h e mas to - tympan ic is a r t i c u l a t e d to this 
p a r t o f the pa r i e t a l and t o the e x o c c i p i t a l ; i t inc ludes a l l the 
d ivis ions o f the pedicle save the lowes t , ' h y p o t y m p a n i c , ' w h i c h 
affords the a r t i c u l a t i o n to the mand ib le . T h e orbitosphenoids 
are d i v i d e d b y an unoss i f ied t r a c t o f some e x t e n t f r o m the a l i -
sphenoids, and a r t i cu la te above w i t h the e x t r e m i t y o f the par ie ta l , 
the f r o n t a l and p r e f r o n t a l bones. T h e r e are ne i the r paroccipi tals 
n o r pos t f ron ta l s . T h e vomer ine p o r t i o n o f t h e bas icrania l plate 
is ch i e f ly ca r t i l ag inous . T h e t u r b i n a l s are v e r y smal l , and 
separated f r o m each o ther b y the j u n c t i o n o f the premaxi l la r ies 
w i t h the f ron ta l s . T h e bone e x t e n d i n g f r o m the f r o n t a l t o the 
m a x i l l a r y i n f r o n t o f the o r b i t m a y be t e r m e d e a n t o r b i t a l ; ' the 
ossif icat ion w h i c h extends t h e r e f r o m , i n h i g h e r Ba t rach ians , takes 
the s i t ua t ion o f the f a c i a l p la te o f the p r e f r o n t a l , o f t h e nasal, and 
o f t he l a c r y m a l . T h e pedicles ( ' apophyse mon tan te , ' C u v i e r , ) 
o f the p remaxi l l a r i e s are l o n g and n a r r o w . T h e sma l l m a x i l l a r y is 
a t tached to the a n t o r b i t a l , t o the pa la t ine , and t o the p r e m a x i l 
l a r y ; t he end o f the bone extends f r e e l y b a c k w a r d as i n the 
M e n o p o m e , fig. 4 3 , 21. T h e a lveolar border o f b o t h p remax i l l a r i e s 
and maxi l l a r i e s supports a s ingle r o w o f sma l l equa l and sharp-
p o i n t e d denticles . T w o bones a t tached t o the an t e r io r a n d outer 
p a r t o f the bas icrania l bone, and w h i c h m a y be r ega rded e i ther as 
vomer ine or pa la ta l , suppor t each a n a r r o w rasp- l ike g r o u p o f 
m i n u t e dent icles , w h i c h are con t i nued b a c k w a r d u p o n t h e be
g i n n i n g o f the p t e r y g o i d s ; the p t e rygo ids c o n t i n u e d f r o m these 
bones and f r o m the sides o f the bas icrania l bone expand as t h e y 
ex tend b a c k w a r d and a p p l y themselves to the i n n e r side o f the 
t y m p a n i c pedicle. T h e nasal meatus has i t s pos te r ior t e r m i n a t i o n 
be tween the b e g i n n i n g o f the p t e r y g o i d a n d the end o f the 
m a x i l l a r y bones. Besides the o r d i n a r y r o w o f dent icles u p o n the 
den ta ry piece o f the l o w e r j a w , there is a second shor te r series 
u p o n the splenial piece. 

I n theMenohra,nch.(Menobranchus lateralis) the o c c i p i t a l condyles 
are t ransverse ly ob long , convex v e r t i c a l l y , concave t r ansverse ly , 
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developed f r o m the exoccipi ta ls , w h i c h are separated above and 
b e l o w , as i n the A x o l o t l : each exocc ip i t a l f o r m s the poster ior h a l f o f 
the otocrane, is p e r f o r a t e d b y the ne rvus vagus, and ar t icu la tes 
above w i t h t h e pa r i e t a l and mas to - tympanic . T h e basisphenoid is 
v e r y b road a n d flat: t he alisphenoids b o u n d the f o r e p a r t o f the 
otocrane, t r a n s m i t the t r i g e m i n a l ne rve , and abu t against the t y m 
panic pedicle i n i t s course b a c k w a r d to the mas to id . T h e parietals 
are d i v i d e d b y the sag i t t a l su ture and develope a smal l r i dge there 
p o s t e r i o r l y : each pa r i e t a l sends d o w n a process i n f r o n t o f the a l i 
sphenoid w h i c h rests u p o n the p t e r y g o i d , r epresen t ing the so-called 
ccolumella' i n L i z a r d s . T h e r e are no m a x i l l a r y bones. T h e alveolar 
border o f the p remax i l l a r i e s , w h i c h suppor t a s ingle r o w o f l o n g 
and slender t ee th , t e n i n n u m b e r i n each bone, t e rmina tes i n a 
p o i n t p r o j e c t i n g f r e e l y o u t w a r d and b a c k w a r d . T h e vomero-pa la -
t i n e bones u n i t e toge ther a n t e r i o r l y , b u t d ive rge p o s t e r i o r l y , w h e r e 
t h e y g i v e a t t achment b y t h e i r ou te r m a r g i n to the p t e rygo ids . 

T h e t w o f o r e g o i n g are examples o f the I c h t h y o m o r p h s w h i c h 
r e t a i n the g i l l s , and thence are t e r m e d ' pe rennibranchia te . ' T h e 
M e n o p o m e , figs. 4 3 , 72 , and 73 , represents a la te r phase o f l a r v a l 

72 73 

Upper view of skull of the Menopome. cxxxix. Under view of the skull. 

l i f e , t he g i l l s b e i n g absorbed and o n l y the b r a n c h i a l s l i ts r e 
m a i n i n g . I n fig. 72 , e e are exocc ip i ta l s , each d e v e l o p i n g a 
c o n d y l e ; c, c, p a r i e t a l s ; g, g m a s t o t y m p a n i c s ; h h y p o t y m p a n i c ; 
a, a, f r o n t a l s , b, b, a n t o r b i t a l s ; d, d, nasals ; n, o r b i t o s p h e n o i d ; 
k, k, p r e m a x i l l a r i e s ; i, i, m a x i l l a r i e s ; f 9 f , p t e rygo ids . I n fig. 
73 , m is the bas iocc ip i to - spheno ida l ; e, e, e x o c c i p i t a l s ; g, g, 
m a s t o t y m p a n i c s ; h, h, h y p o t y m p a n i c s ; f s f , p t e r y g o i d s ; I, Z, 
v o m e r s ; k, k, p r emax i l l a r i e s . 

I n the F r o g (Rand) w h e n the metamorphos is is comple te , t he 
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exoccip i ta l s have coalesced w i t h the superocc ip i t a l above, and w i t h 
the basioccipi to-sphenoidal p la te b e l o w ; th i s l a t t e r , fig. 9 8 A , sends 
o u t on each side a process to f o r m the floor o f the otocrane, and i t s 
f o r w a r d extens ion is l o n g and n a r r o w : the t y m p a n i c developes a 
f r a m e f o r the la rge e a r - d r u m , fig. 4 4 , N : the stapes, n o w c o l u -
m e l l i f o r m , stretches f r o m t h a t membrane to the f o r a m e n o f the 
l a b y r i n t h . ' Mecke l ' s car t i lage , ' figs. 69 and 7 1 , d, cont r ibutes 
n o t h i n g t o the b o n y conduc tor o f sonorous v i b r a t i o n s w h i c h 
becomes subd iv ided i n t o a cha in o f ossicles i n Mammalia. T h e 
h y p o t y m p a n i c , fig. 4 4 , 28, sends f o r w a r d a process t o the end o f 
the m a x i l l a r y , t hus a r t i c u l a t i n g , as i n the P lagios tomes , w i t h bo th 
uppe r and l o w e r j aws . T h e essential or neu rapophys ia l parts o f 
the p re f ron ta l s encompass the prosencephalon, a n d coalesce to 
f o r m a r i n g o f bone, l i k e t h e exocc ip i t a l s : i t is the c os en 
c e i n t u r e ' o f C u v i e r , 1 p a r t o f w h i c h appears a t t he uppe r surface 
o f the c r a n i u m , fig. 4 4 , 14, be tween the f r o n t a l s and antorb i ta l s , 
i b . 15, w h i c h here, and s t i l l more i n the T o a d , assume the 
character o f nasals connate w i t h l ac rymals . B e t w e e n these and 
the p remaxi l l a r ies are the sma l l b o n y par t s o f the o l f a c t o r y sacs, 
u s u a l l y described as f nasal bones.' T h e o r b i t a l and t empora l 
fossae f o r m one w i d e c o m m o n v a c u i t y o n each side the c r a n i u m : 
i t is d i v i d e d f r o m the n o s t r i l b y the j u n c t i o n o f the m a x i l l a r y , 
i b . 21, w i t h the naso- lacrymal bone : t he p r e m a x i l l a r i e s , i b . 22, 
are smal l bones, w i t h a w e l l - m a r k e d f a c i a l and b u c c a l po r t i on . 
T h e palat ines, fig. 98 , A , are t ransverse ly e x t e n d e d : the d iv ided 
vomer is dent igerous : the p t e r y g o i d , i b . 24, sends o u t th ree rays 
f o r the sphenoidal , t y m p a n i c , and p a l a t o - m a x i l l a r y connect ions re
spect ive ly . T h e mand ib le is edentulous. T h e h y o i d a r ch w i t h 
i t s b ranch ia l appendages has changed i t s connect ions as w e l l as 
shape. I n the tadpole , w i t h the f u l l y - d e v e l o p e d g i l l s , t he c a r t i 
lage represen t ing the s t y l o - and cerato-hyals , figs. 69 and 6 9 A , a, is 
shor t and t h i c k , and at tached to the back o f t h e t y m p a n i c pedic le , 
i b . e, t o the end o f w h i c h is a r t i cu l a t ed the m a n d i b l e , i b . d. T h e 
ceratohyals are connected be low to a med ian piece, i b . b, w h i c h m a y 
represent b o t h the bas ihya l and bas ib ranch ia l : i t d i r e c t l y supports 
the hypobranchia ls c, c, t o w h i c h the cera tobranchia ls , or b r anch i a l 
arches are at tached. A s the g i l l s w i t h e r , t he s ty lo-cera tohya ls , figs. 
70 and 7 1 , a, l eng then , a t tenuate , and acqu i re an independen t 
a t t achment to the p e t r o s a l ; t he bas i - and hypo-branch ia l s , fig. 
74 , c, c, coalesce i n t o a s ingle ca r t i l ag inous p la te , w i t h the 
(basihyal,' i b . b; and the ceratobranchials are r educed t o a sino-le 
pa i r , w h i c h represent the so-called ' pos ter ior c o r n u a ' o f the h y o i d . 

1 cxxxix. torn v. pt. 2, p. 389, pis. xxiv.—xxvii., well illustrate the osteology of 
the Batrachia. 
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Hyobranchial frame, Sana paradoxa. cxxxix, 

T h e scapular a rch , f i g . 4 2 , 50, 51, re t rogrades , l i k e the h y o i d , f r o m 
i t s p r i m i t i v e p o s i t i o n i n the l a rva . 

C u v i e r , a t t he conc lus ion o f his descr ip t ion o f the ba t rach ian s k u l l , 
r emarks , e T h i s s k u l l does 
n o t accord w i t h t h e t h e o r y 
o f the th ree , f o u r , or seven 
vertebrae, o r even o f one 
( c r a n i a l ) v e r t e b r a , any more 
t h a n i t does w i t h t h a t o f the 
i d e n t i t y i n t h e n u m b e r o f 
bones ' ( i n d i f f e r e n t an ima l s ) . 1 

A t the same t i m e he de
t e rmines the special h o m o 
l o g y o f the t w e n t y - s i x bones, 
exc lus ive o f the m a n d i b l e and h y o i d apparatus , and assigns to t h e m 
the same n a m e s , — a n d as regards the m a j o r i t y , c o r r e c t l y , — w h i c h 
those bones bear i n the rest o f the ver tebra te p rov ince . W e have 
been l e d , t he re fo re , t o l o o k f o r some h ighe r l a w w i t h i n w h i c h t h a t 
o f the special c o n f o r m i t y m a y be i n c l u d e d . 

I n m a n y instances o f t runk-ver tebrae , t he neurapophyses mee t 
b e l o w , as w e l l as above the n e u r a l axis , t h e i r bases b e i n g ex tended 
t owards each o ther so as to interpose b e t w e e n t h a t axis and the 
v e r t e b r a l c e n t r u m . T h i s c o n d i t i o n is repeated b y the exoccipi ta ls 
w h i c h f o r m the n e u r a l a rch o f the epencephalon, and encompass i t , 
i n Batrachia, g i v i n g passage to i t s c h i e f pa i r o f nerves and de
v e l o p i n g a r t i c u l a r processes f o r the succeeding ver tebra . T h e t w o 
pai rs o f neurapophyses i n advance, r e t a i n the more o r d i n a r y r e l a 
t ions o f these elements , t h e more expanded mes- and pros-encephala 
h a v i n g t h e i r b o n y r i n g o r a rch comple ted b y a c e n t r u m b e l o w and 
a spine above. O n e neurapophys is (a l i sphenoid) t r ansmi t s t h e 
t r i g e m i n a l ne rve , t h e o ther (o rb i t o spheno id ) the op t i c n e r v e : t h e 
f o u r t h or an t e r io r n e u r a l a r ch ( c os en c e i n t u r e ' a n d ' e t h m o i d e ' 
o f C u v i e r ) encompasses t h e fo r emos t segment o f the b r a i n 
as t h e exoccip i ta l s do t h e h i n d m o s t ; and t h e y g i v e passage 
to the o l f a c t o r y nerves . Oss i f i ca t i on o f th i s r i n g o f bone begins 
i n i t s l a t e r a l h a l v e s : the essential re la t ions a n d f u n c t i o n s b e i n g 
those w h i c h character ise t h e bones w h i c h i n b o n y fishes w i l l be 
descr ibed as ' p r e f r o n t a l s . ' B e n e a t h , a n d s u p p o r t i n g t h e m , is a 
pa i r o f bones w h i c h m a y be r ega rded as a m e s i a l l y d i v i d e d 
' c e n t r u m ' ( v o m e r ) : a n d above is a pa i r o f bones w h i c h m a y be 

1 cxxxix. * Ce crane ne s'accorde pas plus avec la theorie des trois, des quatre, ou 
des sept vertebres, meme avec celle d'unc vertebre, qu'avec celle de l'idcntite de 
nombre des os,' vol. v. pt. i i . p. 391. 
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regarded as a mes ia l ly d i v i d e d n e u r a l spine (nasal) . T h u s m a y be 
discerned f o u r c ran ia l segments h a v i n g the essential characters and 
relat ions o f t h e n e u r a l a rch o f the t y p e ve r t eb ra . T h e upper , 22, 
and l o w e r , 30, j a w s , the h y o i d , 40, a n d scapulocoracoid, 50-52, fig. 4 2 , 
cons t i tu te f o u r i n v e r t e d arches; b u t t h e i r v e r t e b r a l re la t ions w i l l 
be be t te r unders tood i n the compos i t ion o f the s k u l l i n b o n y fishes. 

§ 30 . Skull of Osseous Fishes.— T h e head is l a rge r i n p r o p o r t i o n 
t o the t r u n k i n fishes t h a n i n o ther ve r t eb ra t e classes; i t is usua l ly 
i n f o r m o f a cone, figs. 3 4 , 3 8 , whose base is v e r t i c a l , d i r ec ted back
w a r d , and j o i n e d at once to the t r u n k , a n d whose sides are three i n 
n u m b e r , one super ior , and t w o l a t e r a l and i n f e r i o r . T h e cone is 
shorter or longer , more or less compressed or squeezed f r o m side 
t o side, more or less depressed o r flattened f r o m above d o w n w a r d , 
w i t h a sharper or b l u n t e r apex, i n d i f f e r e n t species. T h e base o f 
the s k u l l is pe r fo ra t ed b y the hole , ca l led e f o r a m e n m a g n u m , ' f o r 
the e x i t o f the spinal m a r r o w ; the apex is m o r e or less w i d e l y and 
deeply c l e f t t ransverse ly b y the ape r tu re o f the m o u t h ; the eye-
sockets or ' o r b i t s , ' i b . 17, are l a t e r a l , l a rge , a n d u s u a l l y w i t h a 
f r ee and w i d e i n t e r c o m m u n i c a t i o n i n t h e ske le ton ; the t w o 
v e r t i c a l fissures b e h i n d are ca l led 6 g i l l - s l i t s , ' o r b r a n c h i a l or oper
cu la r ape r tu res ; and there is a mechanism l i k e a door , i b . , 35, 36, 
37, f o r open ing and c los ing t h e m . T h e m o u t h receives n o t on ly 
the f o o d , b u t also the streams o f w a t e r f o r r e sp i r a t ion , w h i c h 
escape b y the g i l l - s l i t s . T h e head contains n o t o n l y the b r a i n and 
organs o f sense, b u t l i k e w i s e the hea r t a n d b r e a t h i n g organs. 
T h e i n f e r i o r or e haemal ' arches are g r e a t l y developed accord ing ly , 
and t h e i r d i v e r g i n g appendages s u p p o r t membranes t h a t can act 
u p o n the s u r r o u n d i n g fluid, and are more or less emp loyed i n 
l o c o m o t i o n : one pa i r o f these appendages, i b . P, 55, 56, answers, 
i n f ac t , t o the fo re - l imbs i n h ighe r a n i m a l s ; a n d t h e i r sus ta in ing 
a rch , i b . 51, 52, i n m a n y fishes, also suppor ts t h e homologues o f 
the m n d - l i m b s , v , 70. T h u s b r a i n a n d sense-organs, j a w s and 
tongue , hear t and g i l l s , arms and legs, m a y a l l b e l o n g to the head ; 
and the d ispropor t ionate size o f the s k u l l , a n d i t s firm a t t achment 
to the t r u n k , r e q u i r e d b y these f u n c t i o n s , are p rec i se ly the 
condi t ions most f avourab le f o r f a c i l i t a t i n g t h e course o f the fish 
t h r o u g h i t s na t ive element. 

I t m a y w e l l be conceived, t h e n , t h a t more bones en te r i n t o the 
f o r m a t i o n o f the s k u l l i n fishes t h a n i n any o ther animals ; a n d the 
compos i t ion o f th i s s k u l l has been r i g h t l y deemed the most 
d i f f i c u l t p r o b l e m i n Compara t ive A n a t o m y . f I t is t r u l y r e m a r k 
able, ' w r i t e s the g i f t e d O k e n , t o w h o m w e owe t h e first c lue t o i t s 
so lu t ion , 4 w h a t i t costs t o solve any one p r o b l e m i n P h i l o s o p h i c a l 
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A n a t o m y . " W i t h o u t k n o w i n g the what, t he how, and the why, 
one m a y s tand, n o t f o r hours or days, b u t weeks , before a fish's 
s k u l l , and o u r c o n t e m p l a t i o n w i l l be l i t t l e more t h a n a vacant 
stare a t i t s c o m p l e x s ta lac t i t i c f o r m . ' 

T o show what t he bones are t h a t enter i n t o the compos i t ion o f 
the s k u l l o f the fish; how, or accord ing to w h a t l a w , t h e y are there 
a r r a n g e d ; a n d ichy, or t o w h a t end, t h e y are m o d i f i e d , so as to 
devia te f r o m t h a t l a w or a rche type , w i l l n e x t be o u r a im . These 
po in t s , r i g h t l y unders tood , y i e l d the k e y t o the composi t ion o f the 
s k u l l i n a l l ve r t eb ra t a , and t h e y cannot be o m i t t e d w i t h o u t d e t r i 
m e n t t o the m a i n end o f the most e lementa ry essay on the 
skeletons o f animals. T h e comprehension o f the desc r ip t ion w i l l 
be f a c i l i t a t e d b y reference t o figs. 7 5 — 8 5 ; and s t i l l more i f t h e 
reader have a t h a n d the s k u l l o f any la rge fish. 

I n the Cod(Gadus morrhua, L . fig. 75 ) , e . g . , i t m a y be observed, 
i n the first place, t h a t mos t o f the bones are, more or less, l i k e 

Skull of Cod (Morrhita vulgaris), Cuv. 

l a rge scales; have w h a t , i n ana tomy , is ca l l ed t h e e squamous ' cha
rac te r a n d mode o f u n i o n , b e i n g flattened, t h i n n e d o f f a t t he edge, 
a n d o v e r l a p p i n g one a n o t h e r ; and one sees t h a t , t h o u g h the s k u l l , 
as a w h o l e , has less f r e e d o m o f m o v e m e n t o n the t r u n k , more o f 
t h e componen t bones e n j o y independen t movement s . B e f o r e w e 
proceed t o p u l l apa r t t he bones, i t m a y be w e l l t o r e m a r k , t h a t the 
p r i n c i p a l cav i t ies , f o r m e d b y t h e i r coadapta t ion , are the e c r a n i u m , ' 
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l o d g i n g the b r a i n and the organs o f h e a r i n g ; the ' o r b i t a l , ' a n d £ nasa l ' 
chambers ; the 1 b u c c a l ' and £ b r a n c h i a l ' canals. Some o f these 
cavities are no t w e l l denned. T h e ex t e r i o r o f the s k u l l is t raversed 
b y five l o n g i t u d i n a l crests, i n t e r c e p t i n g f o u r channels w h i c h lodge 
the beginnings o f the grea t muscles o f the u p p e r h a l f o f the t r u n k . 
T h e median crest is developed f r o m the superocc ip i ta l , figs. 75, 76 ,3 , 
a n d sometimes also f r o m the f r o n t a l , fig. 75 , n : the l a t e r a l crest is 
f o r m e d b y the pa r i e t a l , fig. 76 , 7, a n d pa rocc ip i t a l , i b . 4 : the 

e x t e r n a l crest b y the p o s t f r o n t a l , i b . 12, 
and mas to id , i b . 8. T h e l o w e r border 
o f t he o r b i t , fig. 75 , g, g, p ro jec ts f r e e l y 
d o w n w a r d . T h e h i n d b o r d e r o f the 
o p e r c u l u m is p roduced i n t o spines i n 
some species, fig. 82 . 

I n the analysis o f the fish's s k u l l 
i t is best t o b e g i n a t t he back p a r t ; 
f o r t he segments o f the skele ton de
v ia te most f r o m t h e a rche type as they 
recede i n pos i t i on t o w a r d the t w o ex
t remes o f the b o d y . A f t e r a l i t t l e 
prac t ice one succeeds i n de taching the 
bones w h i c h f o r m t h e back par t or 
base o f the conica l s k u l l , and w h i c h 
i m m e d i a t e l y precede and j o i n those o f 
the t r u n k ; w e thus ob t a in a £ segment ' 

1 or ' v e r t e b r a ' o f the s k u l l . I f we 
n e x t proceed to separate a l i t t l e the 
bones compos ing th i s segment, we 
find those t h a t w e r e mos t closely i n 
t e r l o c k e d to be i n n u m b e r and ar-

- T w o s ingle and s y m m e t r i c a l bones, 
and t w o pairs o f u n s y m m e t r i c a l bones, f o r m i n g a c i r c l e ; or, i f 
the l o w e r s y m m e t r i c a l bone, w h i c h is the la rges t , be regarded as 
the base, the o ther five f o r m an a rch suppo r t ed b y i t , o f w h i c h 
the uppe r s y m m e t r i c a l bone is the key- s tone , fig. 77. T h i s 
answers to the £ n e u r a l ' a r ch o f the t y p i c a l v e r t e b r a : the base-
bone is the ' c e n t r u m , ' 1 ; t he pa i r o f bones, w h i c h a r t i c u l a t e d w i t h 
i t s upper surface and p ro tec ted the h i n d d i v i s i o n o f t h e b r a i n , 
f o r m the c neurapophyses, ' 2 ; t he smal ler pa i r o f bones, p r o j e c t i n g 
o u t w a r d , l i k e transverse processes, are the £ diapophyses, ' 4 ; the 
s y m m e t r i c a l bone c o m p l e t i n g the a rch , and t e r m i n a t i n g above i n a 
l o n g crest or spine, is the £ n e u r a l spine, ' 3. I t w i l l be observed 
t h a t the c e n t r u m is concave at t h a t surface w h i c h a r t i cu la tes w i t h 

Upper surface of cranium, Perch 
(Percafiuviatilis) 

rangement as f o l l o w s 
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the c e n t r u m o f t h e f i r s t ve r t eb ra o f the t r u n k : the opposite 
surface is also concave, b u t expanded and v e r y i r r e g u l a r , i n order 
t o ef fec t a m u c h firmer u n i o n w i t h the c e n t r u m o f the n e x t c ran ia l 
segment i n advance — grea t s t r eng th and 
fixity b e i n g r e q u i r e d i n th i s p a r t o f the 
ske le ton , ins tead o f the m o b i l i t y and elas
t i c i t y w h i c h is needed i n the v e r t e b r a l 
c o l u m n o f the t r u n k . I t m a y be also 
observed t h a t the e neurapophyses ' are per
f o r a t e d , l i k e mos t o f those i n the t r u n k , 
f o r the passage o f nerves ; t h a t the d iapo
physes g i v e a t t achment to the bones w h i c h 
f o r m the grea t i n f e r i o r o r haemal a rch ; and 
t h a t the n e u r a l spine re ta ins m u c h o f the 
shape o f the par ts so ca l led i n the t r u n k . 
Never the less , t he elements o f the neu ra l 
a rch o f th i s h indmos t segment o f the s k u l l 
have undergone so m u c h developement and m o d i f i c a t i o n o f shape, 
t h a t t h e y have rece ived special names, and have been enumera ted 
as so m a n y d i s t i nc t and p a r t i c u l a r bones. T h e c e n t r u m , 1, is 
ca l led ' b a s i o c c i p i t a l ; ' t he neurapophyses, 2, c exoccipi ta ls ; ' t he 
n e u r a l spine, 3, ' s u p e r o c c i p i t a l ; ' the diapophyses, 4, ^ pa rocc i -
p i ta l s . ' I n the h u m a n skele ton a l l those parts are b lended toge the r 
i n t o a mass, w h i c h is ca l led the e occ ip i t a l bone. ' I n Ph i lo soph ica l 
A n a t o m y i t is the e epencephalic arch, ' because i t sur rounds the 
h i n d m o s t segment o f the b r a i n ca l led e epencephalon. ' 

T h e en t i re segment, here d i sa r t i cu la t ed , is ca l led the e o cc ip i t a l 
ve r t eb ra , ' a n d i n i t w e have n e x t t o not ice the w i d e l y - e x p a n d e d 
i n f e r i o r or haemal a rch , fig. 8 1 , 50, H . T h i s consists o f th ree 
pairs o f bones. T h e first pa i r are b i f u r c a t e , and have t w o po in t s 
o f a t t achment to the n e u r a l a rch , the l o w e r p r o n g , a n s w e r i n g t o 
w h a t is ca l l ed the e head o f the r i b , ' a b u t t i n g u p o n the neu ra 
pophysis ; the u p p e r p r o n g , a n s w e r i n g to the ' t u b e r c l e o f t h e 
r i b , ' a r t i c u l a t i n g t o the d iapophysis . T h e second pa i r o f bones 
are l o n g a n d slender, and represent the b o d y o f the r i b . T h e 
first and second piece toge the r answer to the e lement ca l led 
' p l e u r a p o p h y s i s ; ' t h e t h i r d pa i r o f bones are the ' haemapophyses; ' 
these s u p p o r t d i v e r g i n g appendages cons i s t ing o f m a n y bones 
and rays . T h e specia l names o f the above elements o f the 
haemal a r ch o f the o c c i p i t a l v e r t e b r a are, f r o m above d o w n w a r d s , 
' suprascapula , ' 50; e scapula, ' 5 1 ; e coracoid, ' 52. T h e i n v e r t e d a r ch , 
so f o r m e d , encompasses, suppor t s , and pro tec ts the hea r t o r cent re 
o f t h e haemal s y s t e m ; i t is ca l l ed t h e e scapular a rch . ' T h e r e 
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are cold-blooded animals — the g y m n o t h o r a x a n d s l o w - w o r m , 
e. g . — i n w h i c h th is a rch supports no appendage; the re are others 
— L e p i d o s i r e n and P r o t o p t e r u s , fig. 4 1 , 52— i n w h i c h i t supports 
an appendage i n the f o r m o f a s ingle m a n y - j o i n t e d r a y , i b . 57. 
I n other fishes, the n u m b e r o f rays progress ive ly increase, u n t i l , 
i n those cal led e r a y s ' par excellence, fig. 64 , t h e y exceed a h u n d r e d 
i n n u m b e r , and are o f g rea t l e n g t h , f o r m i n g the c h i e f and most 
conspicuous par ts o f the fish. T h e more c o m m o n c o n d i t i o n o f 
the appendage i n ques t ion is t h a t e x h i b i t e d i n the C o d , fig. 34 , 
So developed, i t is cal led i n I c h t h y o l o g y t h e c pec to ra l fin,' i b . p : 
o therwise and va r ious ly m o d i f i e d i n h i g h e r an imals , t he same par t 
becomes a fo r e - l eg , a w i n g , an a r m and hand . 

P roceed ing to the n e x t segment, i n advance, i n the Cod-fish's 
s k u l l , w e find t h a t the bone w h i c h a r t i c u l a t e d w i t h the c e n t r u m 
o f the occ ip i t a l segment is con t i nued f o r w a r d beneath a grea t p ro 
p o r t i o n o f the s k u l l . I n quadrupeds , howeve r , t h e corresponding 
pa r t o f the base o f the s k u l l is occupied b y t w o bones ; and i f the 
s ingle l o n g bone i n the fish be sawn across a t the p a r t where the 
n a t u r a l su ture exists i n the beast, w e have t h e n l i t t l e d i f f i c u l t y i n 
d i s a r t i cu l a t i ng and b r i n g i n g a w a y w i t h i t a series o f bones s imilar 
i n n u m b e r and a r rangement to those o f the occ ip i t a l segment. 

I n the skeletons o f mos t animals the cen t rums o f t w o or more 
segments become, i n ce r t a in par ts o f the b o d y , conf luen t , or they 
m a y be conna te ; t h e y f o r m , i n f a c t , one bone, l i k e t ha t , e. g . , 
w h i c h h u m a n anatomists ca l l c sacrum. ' B y the t e r m c c o n f l u e n t ' 
is meant the cohesion or b l e n d i n g toge ther o f t w o bones w h i c h 
were o r i g i n a l l y separate; b y ' connate, ' t h a t the ossif icat ion o f 
the common fibrous or ca r t i l ag inous bases o f t w o bones proceeds 
f r o m one p o i n t or centre , and so conver t s such bases i n t o one 
b o n e : th i s is the case, e. g . , i n the rad ius and u l n a o f the f r o g , 
and i n i t s t i b i a and fibula. I n b o t h instances t h e y are to the eye 
a s ingle bone ; b u t the m i n d , t r anscend ing the senses, recognises 
such single bone as b e i n g essential ly t w o . I n l i k e manner i t 
recognises the 1 occ ip i t a l bone ' o f m a n as essent ia l ly f o u r bones; 
b u t these have become ' conf luen t , ' a n d w e r e n o t e connate. ' T h e 
cen t rums o f the t w o m i d d l e segments o f the fish's s k u l l are con
nate, and the l i t t l e v io lence above r ecommended is r equ i s i t e t o 
detach the p e n u l t i m a t e segment o f the s k u l l . W h e n detached, 
the bones o f i t are seen to be so a r ranged as to f o r m a n e u r a l and 
a haemal arch. I n the n e u r a l a r ch , fig. 78 , the c e n t r u m , neura 
pophyses, diapophyses, and n e u r a l spine are d i s t i n c t : moreover , 
the n e u r a l spine i n the C o d , and m a n y o ther fishes, is b i f i d , or 
s p l i t a t t he median l ine . T h e c e n t r u m is ca l led < bas iphenoid , ' 5; 
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the neurapophys is , e a l isphenoid, ' 6; t he neu ra l spine, e pa r i e ta l , ' 
7 ; a n d the d iapophysis , e mas to id , ' 8. T h e alisphenoids p ro t ec t 
t h e sides o f the op t i c lobes, and the 
rest o f the p e n u l t i m a t e segment o f 
the b r a i n ca l led e mesencepha lon ; ' 
the mastoids p r o j e c t o u t w a r d and 
b a c k w a r d as s t r o n g transverse p r o 
cesses, a n d g i v e a t tachment to the 
piers o f the g rea t i n v e r t e d haemal 
a rch . B e f o r e n o t i c i n g i t s s t ruc 
t u r e , I m a y r e m a r k tha t , i n the 
recen t Cod- f i sh , the case, p a r t l y 
g r i s t l y , p a r t l y b o n y , w h i c h contains 
the o rgan o f hea r ing , is wedged 
be tween the last and p e n u l t i m a t e n e u r a l arches o f the s k u l l . 
T h e e x t e n t t o w h i c h the ear-case is ossified varies i n d i f f e r e n t 
fishes, b u t the bone is a lways developed i n the o u t e r - w a l l o f the 
case. I n the C o d i t is u n u s u a l l y large , and is ca l led ' pet rosal , ' 
fig. 8 1 , 16; i n the P e r c h , fig. 84 , 16, and C a r p , fig. 83 , 16, i t is 
s m a l l e r : i t f o r m s no p a r t o f the segmented neuroske le ton . I n the 
acoustic o rgan w h i c h i t con t r ibu tes t o enclose, there is a b o d y as 
h a r d as shel l , l i k e h a l f a s p l i t a l m o n d : i t is the ' o t o l i t e , ' fig. 
8 1 , 16. 

T h e haemal a rch consists o f a p leurapophysis and a haemapo
phys is on each side, and a haemal sp ine ; the p leurapophys is is i n 
t w o par ts , the uppe r one ca l led e s t y l o h y a l , ' i b . 38; the l o w e r one 
cal led ' ep ihya l , ' i b . 39 ; the haemapophysis is ca l led e ce ra tohya l , ' 
i b . 40. T h e haemal spine is s u b d i v i d e d i n t o f o u r s t u m p y bones, 
ca l led c o l l e c t i v e l y ' b a s i h y a l , ' i b . 4 i ; and w h i c h , i n most fishes, 
s u p p o r t a bone d i r ec t ed f o r w a r d , e n t e r i n g the substance o f the 
tongue , ca l led 4 g lossohyal , ' i b . 42; and another bone d i r e c t e d 
b a c k w a r d , ca l led e u r o h y a l , ' i b . 43. 

T h e ce ra tohya l p a r t o f the haemapophysis suppor ts an appendage, 
o r r u d i m e n t a l l i m b , ca l l ed ' b ranchios tega l , ' fig. 8 1 , 44, a n s w e r i n g 
t o the pec to ra l fin d i v e r g i n g f r o m the haemal a rch , i n the a d j o i n i n g 

o c c i p i t a l segment. 
T h e p e n u l t i m a t e segment o f the s k u l l above descr ibed is ca l l ed 

the e p a r i e t a l v e r t e b r a ; ' t he n e u r a l a r ch is ca l l ed c mesencepha l i c ; ' 
and the haemal a r ch is ca l l ed ( h y o i d e a n ' i n reference t o i t s sup
p o r t i n g a n d subse rv ing the movemen t s o f the tongue . 

T h e n e x t segment , or the second o f the s k u l l , c o u n t i n g back 
w a r d , can be detached f r o m the fo r emos t segment w i t h o u t d i v i d i n g 
a n y bone. I t is t h e n seen t o consist , l i k e the t h i r d and f o u r t h 
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Disarticulated prosencephalic arch, Cod 
(Morrhua vulgaris) 

segments, o f t w o arches and a common c e n t r e ; b u t the cons t i 
t u e n t bones have been subjec t t o more ex t r eme modi f ica t ions . 
T h e c e n t r u m , ca l led i presphenoid , ' fig. 79 , 9, is p roduced f a r 
f o r w a r d , s l i g h t l y e x p a n d i n g ; the neurapophyses , ca l led ' o r b i t o -

sphenoids, ' i b . 10, are smal l semi-
ova l plates, p r o t e c t i n g the sides o f 
the c e r e b r u m ; the n e u r a l spine, or 
key-bone o f the a rch , ca l led ' f r o n t a l , ' 
i b . n , is enormous ly expanded, b u t 
i n the C o d is s i n g l e ; the diapophyses, 
ca l led ' pos t - f ron ta l s , ' i b . 12, project 
o u t w a r d f r o m the h inde r angles o f 
the f r o n t a l , and g i v e a t tachment to 
the piers o f the i n v e r t e d haemal arch. 
T h e first bone o f th i s a rch is com
m o n i n Fishes t o i t and to t h a t o f the 
last descr ibed ve r t eb ra , b e i n g the 
bone ca l led ' ep i t ympan ic , ' fig. 8 1 , 25; 
th i s m o d i f i c a t i o n is ca l led f o r b y the 
necessity o f consentaneous move
ments o f the t w o i n v e r t e d arches, i n 

connect ion w i t h the d e g l u t i t i o n and course o f the streams o f 
wa t e r r e q u i r e d f o r the b r a n c h i a l r e sp i ra t ion . T h e haemal arch 
o f the present s e g m e n t — e n o r m o u s l y developed — is p l a i n l y 
d i v i d e d p r i m a r i l y o n each side i n t o a p leurapophys is and haema
pophys i s ; f o r these elements are j o i n e d toge ther b y a movable 
a r t i c u l a t i o n , w h i l s t the bones i n t o w h i c h t h e y are subd iv ided 
are s u t u r a l l y i n t e r l o c k e d together . T h e p leurapophys is is so 
subd iv ided i n t o f o u r pieces; the uppe r one, a r t i c u l a t i n g w i t h 
the p o s t f r o n t a l and m a s t o i d — t h e diapophyses o f the t w o midd le 
segments o f the s k u l l — i s ca l led e ep i t ympan ic , ' i b . 25; the h i n d 
most o f the t w o m i d d l e pieces is the ' meso tympanic , ' i b . 26: the 
fo remos t o f the t w o m i d d l e pieces is the ' p r e t y m p a n i c , ' i b . 27; 
the l o w e r piece is the h y p o t y m p a n i c , i b . 28; t h i s presents a j o i n t -
surface, convex i n one w a y , concave i n the o ther , ca l led a c g i n g l y -
m o i d condyle , ' f o r the haemapophysis, or l o w e r d i v i s i o n o f the 
arch. I n most a i r -b r ea th ing ver tebrates — the Serpent , fig. 97 , 
e . g .—the pleurapophysis resumes i t s n o r m a l s i m p l i c i t y , and is a 
s ingle bone, 28, w h i c h is ca l led the ' t y m p a n i c ; ' i n the ee l - t r ibe , as 
i n the Ba t r ach i a , figs. 43 , 72 , g, h, i t is i n t w o pieces. T h e greater 
subd iv i s ion , i n more a c t i v e l y b r e a t h i n g Fishes , o f the t y m p a n i c 
pedic le j gives i t add i t i ona l e l a s t i c i ty , and b y t h e i r o v e r l a p p i n g , 
i n t e r l o c k i n g j u n c t i o n , grea ter resistance against f r a c t u r e ; and 
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these qua l i t i es seem t o have been r e q u i r e d i n consequence o f the 
presence o f a complex and l a r g e l y developed d i v e r g i n g appendage, 
w h i c h f o r m s the f r a m e w o r k o f the p r i n c i p a l flap or door, ca l led 
' o p e r c u l u m , ' figs. 81 ,84 ,34-37 , t ha t opens and closes the b r anch i a l 
fissures o n each side. T h e appendage i n ques t ion consists o f f o u r 
bones ; t h e one a r t i cu l a t ed to the t y m p a n i c pedicle is cal led ' p r e -
opercular , ' i b . 34; the o ther three are, c o u n t i n g d o w n w a r d , the 
' opercular , ' i b . 35; the ' subopercular , ' i b . 36; the in t e rope rcu la r , ' 
i b . 37. T h e haemapophysis is subd iv ided i n t o t w o , three , or more 
pieces, i n d i f f e r e n t fishes, s u t u r a l l y i n t e r l o c k e d t o g e t h e r ; the mos t 
c o m m o n d i v i s i o n is i n t o t w o subequal par ts , one p resen t ing the 
concavo-convex j o i n t t o the p leurapophys is , and ca l led ' a r t i cu la r , ' 
i b . 29; the other , b i f u r c a t e d b e h i n d to receive the p o i n t o f 29, a n d 
j o i n i n g i t s f e l l o w at the opposite end, t o complete the haemal a r c h : 
i t supports a n u m b e r o f the h a r d bodies ca l led ' t e e t h , ' and hence 
i t has been t e r m e d the ' den ta ry , ' i b . 32. I n the C o d the re is a 
smal l separate bone, b e l o w the j o i n t o f the a r t i c u l a r , f o r m i n g an 
angle there , and ca l led the ' angu la r piece, ' fig. 75 , 30. 

I n consequence o f th i s ex t reme m o d i f i c a t i o n , i n r e l a t i o n to t h e 
offices o f se iz ing and ac t i ng u p o n the f o o d , the pa i r o f haema
pophyses o f the present segment o f the s k u l l have received the 
name o f ' l o w e r j a w , ' or ' m a n d i b l e ' {mandibula). T h e haemal 
a r ch is , hence, ca l led ' m a n d i b u l a r : ' the n e u r a l a rch ' p r o s e n 
c e p h a l a : ' the en t i re segment is ca l led the ' f r o n t a l ver tebra . ' 

T h e first segment, f o r m i n g the an te r io r e x t r e m i t y o f the neu ro -
ske le ton , l i k e mos t p e r i p h e r a l par ts , is t h a t w h i c h has undergone 
the most ex t reme modi f i ca t ions . T h e 
obvious a r rangement , nevertheless, o f i t s 
cons t i tuen t bones, w h e n v i e w e d f r o m be
h i n d , a f t e r i t s de tachment f r o m the second 
segment , affords one o f the mos t c o n c l u 
sive proofs o f the p r i n c i p l e o f adherence 
to c o m m o n t y p e w h i c h governs a l l t he 
segments o f the neuroske le ton , w h a t e v e r 
Offices t h e y m a y be m o d i f i e d tO f u l f i l . Disarticulated jjhinencephalic arch, 

. i n r>r\ i * i • C o d (.Morrhua vulgaris) 
T h e n e u r a l a rch , f i g . 80 , is p l a i n l y m a n i 
fes ted , b u t is n o w reduced to i t s essential elements — v i z . , t h e 
c e n t r u m , the neurapophyses , and the n e u r a l spine. T h e c e n t r u m 
is expanded a n t e r i o r l y , w h e r e i t u s u a l l y suppor ts some t e e t h o n 
i t s u n d e r surface i n fishes; i t is ca l l ed the ' v o m e r , ' i b . 13. T h e 
neurapophyses are no t ched ( i n t h e C o d ) , or p e r f o r a t e d ( i n the 
S w o r d - f i s h ) , b y the c r u r a o r p ro longa t ions o f the b r a i n , w h i c h 
e x p a n d i n t o i t s an t e r i o r d i v i s i o n , ca l l ed rh inencepha lon , or 

H 2 
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' o l f a c t o r y l o b e s ' ; t he special name o f such neurapophys is is ' p r e 
f r o n t a l , ' i b . 14. T h e n e u r a l spine is u s u a l l y s ing le , sometimes 
c l e f t a long the m i d d l e ; i t is the ' nasal, ' i b . 15. 

T h e haemal a rch , fig. 8 1 , 20-22, H , is d r a w n f o r w a r d , so t h a t i t s 
apex, as w e l l as i t s p iers , are j o i n e d to the c e n t r u m ( v o m e r ) , and 
u sua l ly also to the n e u r a l spine (nasal ) , c los ing u p a n t e r i o r l y the 
n e u r a l canal. T h e pleurapophyses are s imple , short , sending 
b a c k w a r d an expanded p l a t e ; t h e y are ca l led ' palat ines, ' i b . and 
fig. 84 , 20. T h e haemapophyses are s imple , and t h e i r essential 
pa r t , i n t e r v e n i n g be tween the p leurapophys is and haemal spine, is 

short and t h i c k ; b u t t h e y send a l o n g process b a c k w a r d ; this 
e lement is ca l led ' m a x i l l a r y , ' i b . 21. T h e haemal spine, c l e f t 
a t the m i d d l e l i n e , sends one process u p w a r d o f v a r y i n g l e n g t h 
i n d i f f e r e n t fishes, and a second d o w n w a r d and b a c k w a r d , and 
i t s under surface is beset w i t h t ee th i n mos t fishes: i t is cal led 
' p r e m a x i l l a r y , ' i b . 22. E a c h p leurapophys is suppor ts a ' d i v e r g 
i n g appendage, ' consis t ing c o m m o n l y o f t w o bones : the outer 
one, w h i c h fixes the present haemal a rch t o the succeeding one, 
is cal led ' p t e r y g o i d , figs. 75 , 8 1 , 24; the i n n e r one is the ' e n t o -
p t e r y g o i d , ' i b . 23. T h e en t i re segment is ca l led the ' nasal v e r t e b r a ; ' 
i t s n e u r a l a rch is the ' r h i n e n c e p h a l i c ; ' i t s haemal a rch , f o r m i n g 
w h a t is t e r m e d the uppe r j a w (maxilla), is ca l led the ' m a x i l l a r y '• 
a rch and appendages. 

O n r e v i e w i n g the a r rangement o f the bones o f t h e f o r e g o i n g 
segments, one cannot b u t be s t r u c k b y the s t r e n g t h o f the arches 
w h i c h p ro t ec t and encompass the b r a i n , and b y the e f f i c iency o f t h a t 
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a r r angemen t w h i c h provides such an a rch f o r each p r i m a r y d i v i 
s ion o f the b r a i n ; and a sen t iment o f admi ra t i on n a t u r a l l y arises 
o n e x a m i n i n g the firm i n t e r l o c k i n g o f the ex tended s u t u r a l sur
faces, and especial ly o f those u n i t i n g the proper elements o f the 
a rch w i t h the buttresses wedged i n be tween the piers and k e y 
stone, a n d to w h i c h buttresses (d iapophyses) the l a rge r haemal 
arches are suspended. 

I n a d d i t i o n to the parts o f the neuroske le ton , the bones o f the 
head i n c l u d e the ossified p a r t o f the ear-capsule, ' pet rosal , ' fig. 
8 1 , 16, a l ready m e n t i o n e d ; an ossified p a r t o f the eye-capsule, 
c o m m o n l y i n t w o pieces, ' sclerotals, ' i b . n ; and an ossified p a r t 
o f the capsule o f the o rgan o f sme l l , ' t u r b i n a l , ' i b . 19. A n o t h e r 
assemblage o f splanchnoskele ta l bones s u p p o r t the g i l l s , and are 
i n the f o r m o f slender b o n y hoops, ca l led ' b r a n c h i a l arches, ' 
fig. 85 , 48, 49. T h e y are p a r t l y suppor t ed b y the hyo idean arch . 
A m o n g s t the bones o f the muco -de rma l sys tem, m a y be no t i ced 
those t h a t c i r cumsc r ibe the l o w e r p a r t o f the o r b i t , . f i g . 75 , g, g; 
o f w h i c h the an te r io r , i b . 73, is p r e t t y constant i n the ve r t eb ra t e 
series, and is ca l led ' l a c r y m a l . ' I n fishes t h e y are ca l led ' subor
b i ta l s , ' and are occasionally present i n grea t number s , as, e. g . , i n 
the T u n n y , or developed to enormous size as i n the G u r n a r d , 
fig. 8 2 , and a l l i ed fishes, thence ca l led ' mai l -cheeked. ' A s imi la r 

series o f bones ca l l ed ' s u p e r t e m p o r a l s ' sometimes overarches the 
t e m p o r a l fossa. 

A t t h e outse t o f the s t u d y o f Os teo logy i t is essential t o k n o w 
w e l l t h e numerous bones i n t h e head o f a fish, and to fix i n t h e 
m e m o r y t h e i r a r r angemen t a n d names. T h e l a t t e r , as w e have 
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seen, are o f t w o k i n d s , as regards the bones o f the neu roske l e ton : 
the one k i n d is ' general , ' i nd i ca t i ve o f the r e l a t i o n o f the s k u l l -
bones to the t y p i c a l segment, and w h i c h names t h e y bear i n 
common w i t h the same elements i n the segments o f the t r u n k ; 
the other k i n d is c special , ' and bes towed o n account o f the par
t i c u l a r developement and shape o f such elements , as t hey are 
mod i f i ed i n the head f o r pa r t i cu l a r f u n c t i o n s . A grea t p ropo r t i on 
o f the bones i n the head o f a fish ex is t i n a v e r y s imi l a r state o f 
connect ion and a r rangement i n the heads o f o ther ver tebrates , up 
t o and i n c l u d i n g m a n himsel f . N o m e t h o d c o u l d be less con
duc ive to a t r u e and phi losophica l comprehension o f the ver tebra te 
skele ton t h a n the b e g i n n i n g i t s s t u d y i n m a n — the mos t mod i f i ed 
o f a l l ver tebra te f o r m s , and t h a t w h i c h recedes f u r t h e s t f r o m the 
common pa t t e rn . T h r o u g h an inev i t ab le ignorance o f t h a t pa t t e rn , 
the bones i n A n t h r o p o t o m y are ind ica t ed o n l y b y special names 
more or less r e l a t i n g to the p a r t i c u l a r f o r m s these bones happen 
to bear i n m a n ; such names, w h e n app l i ed to the t a l l y i n g bones 
i n l o w e r animals, l o s ing t h a t s igni f icance , and becoming a r b i t r a r y 
signs. O w i n g to the f r e q u e n t m o d i f i c a t i o n b y confluence o f the 
h u m a n bones, collections o f t h e m , so u n i t e d , have received a 
single name, as, e. g . e occ ip i t a l , ' ' t empora l , ' & c . ; w h i l s t t he i r 
const i tuents , w h i c h are u s u a l l y d i s t i n c t v e r t e b r a l elements, have 
received no names, or are de f ined as processes, e. g . * condy lo id 
process o f the occ ip i t a l bone, ' e s t y l o i d process o f the t empora l 
bone, ' 1 pet rous p o r t i o n o f the t e m p o r a l bone, ' & c . T h e classif i 
ca t ion, moreover , o f the bones o f the head i n H u m a n A n a t o m y , 
v i z . i n t o those o f the c r a n i u m and those o f the face, is a r t i f i c i a l or 
special, and consequent ly defec t ive . M a n y bones w h i c h essentially 
be long to the s k u l l are w h o l l y o m i t t e d i n such c lass i f icat ion. 

I n r ega rd to the a rche type ske le ton , fishes, w h i c h w e r e the first 
f o r m s o f ver tebra te l i f e i n t r o d u c e d i n t o th i s p lane t , deviate the 
least t h e r e f r o m ; and accord ing t o the f o r e g o i n g analysis o f the 
bones o f the head, i t f o l l o w s t h a t such bones are p r i m a r i l y d iv i s ib l e 
i n t o those o f — 

T h e N e u r o s k e l e t o n ; 
T h e Sp lanchnoske le ton ; 
T h e De rmoske l e ton . 

T h e neuroske le ta l bones are a r ranged i n f o u r segments, ca l l ed 

T h e O c c i p i t a l v e r t e b r a ; 
T h e P a r i e t a l v e r t e b r a ; 
T h e F r o n t a l v e r t e b r a ; 
T h e Nasa l ve r tebra . 
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Each segment consists of a 'neural' and a 'haemal' arch. 
( F i g . 8 1 , N , H . ) T h e n e u r a l arches a r e — 

N I. Epencephalic arch (bones Nos. l, 2, 3, 4); 
N 11. Mesencepha l ic a rch (5, 6, 7, s ) ; 
N i n . Prosencephal ic a rch (9, 10, 11, 12) ; 
N i v . Rh inencepha l i c a rch (13, 14, 15). 

The haemal arches are — 

H 1. Scapular arch (50-52); 
H 11. H y o i d e a n a rch (38-43) ; 
H 111. M a n d i b u l a r a rch (28-32) ; 
H i v . M a x i l l a r y a rch (20-22). 

The diverging appendages of the haemal arches are — 

1. The Pectoral (54-57) ; 
2. T h e Branch ios t ega l (44 ) ; 
3. T h e O p e r c u l a r (34-37) ; 
4 . T h e P t e r y g o i d (23-24). 

The bones or parts of the splanchnoskeleton which are inter
calated w i t h or a t tached t o the arches o f t h e t r u e v e r t e b r a l 
segments, a r e — 

The Petrosal (16) or ear-capsule, with the otolite, 16"; 
T h e S c l e r o t a l ( i 7 ) or eye-capsule ; 
T h e T u r b i n a l (19) or nose-capsule; 
T h e B r a n c h i a l arches (45-49) ; 
T h e T e e t h . 

The bones of the dermoskeleton are — 

The Supratemporals (74); 
T h e P o s t o r b i t a l s ( 7 2 ) ; 
T h e Supe ro rb i t a l s ( 7 1 ) ; 
T h e S u b o r b i t a l s ( 7 3 ) ; 
T h e L a b i a l s (75), a n d others w h i c h w i l l be p o i n t e d o u t i n 

c e r t a i n g a n o i d fishes. 

Such appears to be the natural classification of the parts which 
c o n s t i t u t e t h e c o m p l e x s k u l l o f Osseous Fishes . 
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T h e t e r m ' c r a n i u m ' m i g h t w e l l be app l i ed t o the f o u r neu ra l 
arches co l l ec t i ve ly , figs. 76 , 8 3 ; b u t w o u l d exc lude some bones 
cal led ' c r a n i a l , ' and i nc lude some ca l led ' f a c i a l , ' i n H u m a n 
A n a t o m y . I n a side v i e w o f the n a t u r a l l y connected bones o f 
those arches, such as is s h o w n i n the C a r p , fig. 83 , the upper 
p a r t o f the c r a n i u m is f o r m e d b y the n e u r a l spines ca l led super-
o c c i p i t a l 3, pa r i e t a l 7, f r o n t a l 11, and nasal 15; the l o w e r pa r t 
b y t h e cen t rums ca l led bas iocc ip i ta l 1, basisphenoid 5, presphe-
n o i d 9, and vomer 13: the side-walls b y the neurapophyses cal led 
exocc ip i t a l 2, a l i sphenoid 6, o rb i tospheno id 10, and p r e f r o n t a l 14. 
B e t w e e n 2 and 6 is in t e rca la t ed the pe t rosa l 16: be tween the 
f o r e p a r t o f 9 and 10 is the ' i n t e r o r b i t a l 18,' w h i c h is an inconstant 
oss i f ica t ion i n fishes. T h e o u t s t a n d i n g or t ransverse processes 
are the pa rocc ip i t a l 4, t he mas to id 8, a n d the p o s t f r o n t a l 12. 

I n the C a r p the parietals meet and u n i t e u p o n the v e r t e x b y a 
' s a g i t t a l ' s u t u r e : i n most osseous fishes, as i n the C o d and P e r c h , 
figs. 76 , 77 , t h e y are separated b y the j u n c t i o n o f the superocci-
p i t a l , 3, w i t h the v e r y la rge f r o n t a l s , n , n . A t the base o f the 
s k u l l m a y be seen, i n the P e r c h , fig. 84 , the bas iocc ip i ta l l , the 
a r t i c u l a r processes o f the exoccipi ta ls 2, and the spine-shaped end 
o f the superocc ip i ta l 3. T h e pa rocc ip i t a l 4, is separated be low 
f r o m the exocc ip i t a l b y the pet rosal 16. T h e basi -presphenoid, 5 
and 9, carries f o r w a r d the bodies o f the vertebrae t o the v o m e r 13, 
w h i c h is expanded and dent igerous a n t e r i o r l y , as the bodies o f 
t h e ce rv ica l vertebrae suppor t t e e t h i n the Deirodon ( p . 5 7 ) . T h e 
al isphenoids 6, t he orbi tosphenoids lo , a n d the p r e f r o n t a l s u , are 
at tached to the sides o f the basal e lements ; more e x t e r n a l l y are 
seen the f r o n t a l I I , p o s t f r o n t a l 12, mas to id 8, and p a r o c c i p i t a l 4. 
O n the l e f t side are s h o w n the pa la t ine 20, the e n t o p t e r y g o i d 
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23, and e x t e r n a l t o i t t he p t e r y g o i d a b u t t i n g u p o n the h y p o t y m 
panic , 28 d: b e t w e e n th i s and the ep i t ympan ic , 28, are the 
meso tympan ic , 38, and the p r e t y m p a n i c b. T h e preopercular , 34, 
runs p a r a l l e l w i t h , s t rengthens , and connects together the divis ions 

Base of the skull with left side of mandibular arch and its opercular appendage, Perch (JPerca fluviatilis) 

o f the t y m p a n i c p e d i c l e : i t suppor ts t h e opercu la r , 35, the sub-
opercular , 36, a n d t h e i n t e r o p e r c u l a r , 37. I n the m a n d i b u l a r 
r a m u s the a r t i c u l a r is m a r k e d 29, and the d e n t a r y 32. T h e f r e e 
end o f the m a x i l l a r y is seen at 21. 

I n fig. 85 the m a x i l l a r y and m a n d i b u l a r arches and appendages 
are r e m o v e d , t h e s t y l o h y a l , 38, h a v i n g been detached f r o m the 
e p i t y m p a n i c . I t resumes i t s n o r m a l a t t achmen t to i t s segment 
w h e n t h e special b r a n c h i a l apparatus becomes abrogated , as i n 
t h e advanced ba t r ach i an , fig. 7 1 , i n w h i c h w e saw the change o f 
p o s i t i o n , as con t ras ted w i t h the ear l ie r piscine c o n d i t i o n o f the 
l a r v a , fig. 69 A . I n t h e c o m p l e x and ossif ied h y o i d e a n a rch o f 
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fishes w e find, a f t e r the s t y l o h y a l 33, the e p i h y a l 39, the cerato
h y a l 40, and bas ihya l 4 1 ; t o w h i c h m a y be a r t i c u l a t e d a glosso-
h y a l 42, and a u r o h y a l 43 : th i s is a l a rge compressed l a m e l l i -
f o r m bone i n the P e r c h . Seven branchios tegal rays , 44, are 
a r t i c u l a t e d t o the ep i - and cerato-hyals . F o u r b r a n c h i a l arches 
are at tached to the base o f the c r a n i u m . T h e first consists o f the 
cera tobranchia l , 47, and ep ib ranch ia l , 48, e l emen t s : b o t h o f w h i c h 
suppor t a series o f processes, 63, d i r ec ted towards the c a v i t y o f 
the m o u t h and de fend ing the e n t r y to the b r a n c h i a l fissures. The 
second and t h i r d arches are connected above b y the pharyngo-

b ranch ia l elements, 49, to the c r a n i u m ; and these elements usua l ly 
suppor t tee th . T h e g i l l s are a t tached to grooves o n the outer 
side o f the ep i - and cerato-branchials ; the arches b e i n g closed 
be low b y the < bas ibranchia ls ' w h i c h are a t tached to t h e h y o i d . 
T h e suprascapula, so, is a t tached b y i t s l o w e r b r a n c h t o t h e basi
occ ip i t a l , and b y i t s uppe r one t o the p a r o c c i p i t a l , 4. T h e 
scapula, s i , supports the coracoid, 52, t o w h i c h the c l av i c l e , 58, is 
a t tached, the r e l a t i ve pos i t ion o f w h i c h to t h e coracoid becomes 
changed as the scapular a rch is detached f r o m i t s n a t u r a l con -
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n e c t i o n and displaced b a c k w a r d . T h e h u m e r a l segment o f the 
f o r e l i m b is r a r e l y developed i n f i shes ; the radius , 54, and u l n a , 55, 
are d i r e c t l y a r t i c u l a t e d w i t h the coracoid, and are c o m m o n l y m u c h 
more b road t h a n l o n g . 

Some of- the special characters and modi f i ca t ions o f the bones 
o f the head w i l l n e x t be b r i e f l y not iced . 

T h e a r t i c u l a r cup f o r the atlas varies f r o m the deep conical 
excava t ion seen, fig. 77 , 1, i n the C o d , t o the a lmost flat surface 
i n the H a l i b u t ; i t is rare t o find, as i n the P i p e - f i s h (Fistularia), 
t h e bas iocc ip i ta l p resen t ing a convex surface f o r a r t i c u l a t i o n w i t h 
the b o d y o f the a t l a s ; or t o find th i s c e n t r u m conf luen t w i t h the 
bas iocc ip i ta l , as i n Polypterus. I n m a n y fishes the u n d e r p a r t 
o f the bas iocc ip i ta l is expanded and excava ted ; i n the C a r p , 
the unde r p a r t is p roduced i n t o a b road t r i a n g u l a r p la te , fig. 83 , 1, 
w h i c h suppor ts the la rge uppe r p h a r y n g e a l g r i n d i n g t o o t h ; i n 
the ganoid Lep idos t eus , t he bas iocc ip i ta l developes t w o plates 
f r o m i t s u p p e r and ou te r angles, w h i c h comple te t h e f o r a m e n 
m a g n u m and suppor t the exoccipi ta ls above. T h e exoccip i ta l s , 
fig. 77 , 2, are p e r f o r a t e d f o r the passage o f t h e n e r v i v a g i , some
t imes f o r the first sp ina l or hypoglossa l n e r v e ; the f o r a m i n a b e i n g 
u n u s u a l l y l a rge i n the C a r p t r i b e , fig. 83 , 2, w h e r e t h e y re la te 
also to the connec t ion o f the a i r -b ladder w i t h the o rgan o f hea r ing , 
b y means o f the ossicles, a, b, c, d, and e. 

I n some fishes, e.g. Perca, fig. 8 4 , 2, the exoccipi ta ls send 
b a c k w a r d a r t i c u l a r processes mod i f i ed to a l l o w a sHght m o v e 
m e n t u p o n the an te r io r a r t i c u l a r processes o f the atlas. L i k e 
the neurapophyses o f the t r u n k i n some fishes (e .g . Lepidosiren, 
Thynnus, Xiphias), the bases o f the exoccip i ta l s expand , and 

meet u p o n the u p p e r surface o f the bas iocc ip i t a l , and i m m e d i a t e l y 
suppor t the m e d u l l a oblongata . 

T h e superocc ip i t a l , fig. 77 , 3, u s u a l l y sends u p w a r d and back 
w a r d a s t r o n g compressed spine f r o m the w h o l e e x t e n t o f the 
m i d d l e l i n e , a n d a t ransverse (superoccipital' r i d g e o u t w a r d s 
f r o m each side o f t h e base o f the spine, t o the e x t e r n a l angles o f 
the bone. I n mos t fishes t h i s bone advances f o r w a r d and j o i n s 
the f r o n t a l , p u s h i n g aside, as i t w e r e , the par ie ta ls , as i n fig. 76 , 
3 ; i n Balistes t h e p r o d u c e d p a r t o f the superocc ip i t a l is even 
Avedged i n t o the h i n d e r h a l f o f the f r o n t a l su tu re . I n the C a r p , 
o n the c o n t r a r y , t h e an t e r i o r angle o f the superocc ip i t a l is t r u n 
cated, f o r m i n g t h e base o f the t r i a n g l e , a n d is a r t i c u l a t e d b y a 
l a m b o i d a l su tu re t o the p a r i e t a l bones, fig. 83 , 7, w h i c h here mee t 
a t t h e m i d - l i n e o f t h e s k u l l , and t h e u p p e r p a r t o f t h e occ ip i t a l 
spine is l o w a n d flattened. T h e supe rocc ip i t a l is also separated 
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f r o m the f r o n t a l b y the par ie tals , i n the Sa lmonoid , C l u p e o i d , 
M u r a m o i d , and most gano id fishes; and is i t s e l f d i v i d e d , i n Amia 
and Lepidosteus, b y a med ian su tu re ; these modi f i ca t ions t e l l 
s t r ong ly against e x t e n d i n g the h o m o l o g y o f the superocc ip i ta l w i t h 
the supe rnumera ry ' i n t e r p a r i e t a l ' bone o f M a m m a l s , b e y o n d the 
a n t e r i o r l y p roduced i n t e r p a r i e t a l p o r t i o n ; w h i c h , however , is no t 
developed f r o m a separate centre i n Fishes . 

W h e n the s k u l l is m u c h compressed t h e occ ip i t a l spine is 
u s u a l l y v e r y l o f t y , as i n the Opah- f i sh and Argyreiosus, fig. 38 : i n 
the L i g h t - h o r s e m a n fish (Ephippus) i t expands above i t s o r i g i n in to 
a t h i c k crest o f bone, g i v i n g the s k u l l the appearance o f a h e l m e t ; 
b u t i n l o w flattened sku l l s the spine is m u c h reduced, p ro j ec t ing 
m e r e l y b a c k w a r d , as i n the P i k e and Sa lmon , and be ing some
t imes obsolete, as i n the R e m o r a . I n a f e w instances, the broad 
poster ior p a r t o f the superocc ip i ta l a r t icu la tes w i t h the neura l 
a rch and spine o f the atlas, and sometimes, o n the o ther hand, e.g. 
i n the H a l i b u t , the en t i re bone is pushed b y the paroccipitals 
u p o n the uppe r surface o f the s k u l l , w h e r e i t manifes ts the loss o f 
s y m m e t r y b y the absence o f the expanded pla te on the l e f t side o f 
the spine. 

I n b road and depressed sku l l s the p a r o c c i p i t a l , 1 fig. 76 , 4, forms 
a s t rong crest, and exceeds the exocc ip i t a l i n size ; i n n a r r o w and 
deep sku l l s the p ropor t ions o f these bones are c o m m o n l y reversed, 
and the paroccipi ta ls sometimes disappear. I n the Shad, the 
paroccipi tals u n i t e w i t h the mastoids a lmost as i n the Che lon ia ; 
and i n Polyprion t h e y are connate w i t h the exoccipi ta ls as i n 
ba t rach ian and c rocodi l i an Rep t i l e s . I n Synodus, Callichthys, 
and Heterobranchus, the pa rocc ip i t a l is v i s ib l e o n l y a t the back 
pa r t , no t at the uppe r pa r t , o f the s k u l l . T h e i n n e r surface o f 
the pa rocc ip i t a l , l i k e t h a t o f the exocc ip i t a l , is excavated f o r the 
l o d g m e n t o f p a r t o f the pos ter ior and e x t e r n a l semic i rcu la r canal 
o f the enormous i n t e r n a l o rgan o f h e a r i n g i n Fishes . T h e outer 
p r o j e c t i n g process supports the uppe r f o r k o f the first piece o f 
the scapular a r c h ; sometimes, as i n Ephippus, b y a d i s t i nc t a r t i 
cular c a v i t y . T h e n e u r a l par ts o f the occ ip i t a l v e r t e b r a are those 
w h i c h are c o m m o n l y i n Fishes the mos t c o m p l e t e l y ossif ied at the 
expense o f t h e i r p r i m i t i v e car t i lag inous bases; and , i n Polypterus, 
t h e y become anchylosed i n t o one piece, l i k e the occ ip i t a l bone 
o f A n t h r o p o t o m y , the superocc ip i ta l b e i n g as l i t t l e developed as 
i n Protopterus. 

1 The paroccipitals are not to be confounded with the dermal bone called ' epiotic 
by Professor Huxley, in his reproduction of Miiller's figure of the head of Polypterus, 
in the Government Publication, (CLXVII I . ) p. 22, fig. 16. 
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T h e basisphenoid ( f i g s . 78 and 84 , 5) is u sua l l y b i f u r c a t e poste
r i o r l y , and more or less expanded beneath the c ran ia l c a v i t y ; i t 
is t h e n c o n t i n u e d f o r w a r d (sometimes a f t e r sending o u t a pa i r o f 
l a t e r a l processes, as i n the P e r c h , more c o m m o n l y w i t h o u t such 
processes) a long the base o f the i n t e r o r b i t a l space to near the 
f o r e p a r t o f the r o o f o f the m o u t h : i t s poster ior e x t r e m i t y is 
j o i n e d b y a squamose su tu re , as i n Diodon, t o the bas iocc ip i t a l ; 
o r , m o r e c o m m o n l y , as i n the C o d , is firmly wedged b y a k i n d o f 
doub le gomphosis i n t o the b a s i o c c i p i t a l ; i t s expanded p a r t sup
por t s the petrosals and a l i sphenoids : the presphenoidal p ro longa 
t i o n ( f igs . 83 and 8 4 , 9) ar t icula tes w i t h the orbi tosphenoids and 
the e t h m o i d , 18, w h e n th i s is o s s i f i ed ; and i t t e rminates f o r w a r d 
b y a c a v i t y r e c e i v i n g the p o i n t e d end o f the vomer , fig. 84 , 13. 
I t is th i s p o r t i o n o f the basi-pre-sphenoid w h i c h manifes ts the loss 
o f s y m m e t r y i n the flat fishes (JPleuronectidce), b e i n g t w i s t e d u p 
to one side o f the s k u l l . T h e basi-pre-sphenoid varies i n f o r m 
w i t h t h a t o f the head i n genera l , b e i n g longest and na r rowes t i n 
l o n g and n a r r o w sku l l s , and the converse. T h e w h o l e o f i t s 
uppe r surface is c o m m o n l y r o u g h f o r a r t i c u l a t i o n w i t h the petrosals 
and a l i sphenoids ; r a r e l y does any p o r t i o n enter i n t o the d i r e c t 
f o r m a t i o n o f the c ran ia l c a v i t y , and t h e n , e. g . i n the C o d , a smal l 
surface m a y suppor t the p i t u i t a r y sac. W h e n i t enters more 
l a r g e l y i n t o the f o r m a t i o n o f the floor o f the c ran ia l c a v i t y , i t 
u s u a l l y sends u p w a r d a l i t t l e process on each side ; or , as i n Fis
tularia, a t ransverse r idge . T h e basisphenoid is smooth b e l o w , 
w h e r e i t is u s u a l l y flattened or convex , b u t sometimes is p r o 
duced d o w n w a r d i n the f o r m o f a med i an r i d g e , and sometimes is 
p e r f o r a t e d f o r the l o d g m e n t o f ce r t a in muscles o f the eyeba l l . 
I n the P o l y p t e r u s b o t h a l i - and orbi to-sphenoids are anchylosed t o 
the basi-pre-sphenoid, and the r e s u l t is a bone t h a t answers t o t h e 
m a j o r p a r t o f the * os sphenoides ' o f A n t h r o p o t o m y . A s t w o la rge 
and i m p o r t a n t haemal arches o f the head are suspended f r o m the 
parapophyses o f t h e second a n d t h i r d c r an i a l vertebrae, th i s seems 
to be the c o n d i t i o n o f t h e fixation and coalescence o f t h e bodies o f 
those vertebrae i n a l l F ishes . 

I n some, e. g . P e r c h and C a r p , t h e base o f each a l i sphenoid 
rises above the basisphenoid, and t h e n sends i n w a r d a h o r i z o n t a l 
p l a t e , w h i c h , m e e t i n g t h a t o f the opposi te a l i sphenoid , f o r m s the 
i m m e d i a t e s u p p o r t o f t h e mesencephalon, and at t he same t i m e the 
r o o f o f a canal , excavated i n t h e basisphenoid, and w h i c h 
t raverses the base o f the s k u l l , b e l o w t h e c r an i a l c a v i t y , f r o m 
be fo r e backwards , o p e n i n g b e h i n d a t t h e u n d e r p a r t o f the bas i 
o c c i p i t a l ; t h i s subc ran ia l canal exists i n t h e Salmonoids , Sparoids , 
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Scomberoids, and is v e r y r emarkab le i n mos t fishes w i t h l o f t y 
compressed sku l l s , as the Ephippus. I n t h e m i t resembles, b u t is 
n o t homologous w i t h , the pos ter ior p r o l o n g a t i o n o f the nasal pas
sages i n the Crocodi les , and i t lodges some o f the muscles o f the 
eyebal l . T h e f o r m o f the al isphenoids is i n f l uenced b y t h a t o f the 
s k u l l ; w h e n th i s is l o w and flat, t h e i r antero-poster ior exceeds t h e i r 
v e r t i c a l e x t e n t ; i n deep and compressed sku l l s t h e y are n a r r o w and 
h i g h plates ; i n o r d i n a r y shaped sku l l s t h e y present e i ther a sub-
c i r cu la r f o r m , and are pe r fo ra ted , as i n the C a r p , fig. 83 , 6, or are 
r e n i f o r m , the an te r io r border b e i n g deeply no tched , as i n the Cod , 
fig. 8 1 , 6; t h e y f o r m a more de f in i t e and fixed p r o p o r t i o n o f the 
l a t e ra l parietes o f the s k u l l t h a n do the petrosals, i b . 16, w h i c h 
are in terposed be tween t h e m and the exocc ip i t a l s ; and t hey have 
t h e i r essential f u n c t i o n i n sus ta in ing and p r o t e c t i n g the sides o f 
the mesencephalon, and i n a f f o r d i n g e x i t t o the second and t h i r d 
divis ions o f the fifth pa i r o f nerves. T h e a l i sphenoid art iculates 
i n the C o d w i t h the petrosal p o s t e r i o r l y , w i t h the orb i tosphenoid 
a n t e r i o r l y , and w i t h the mas to id and p o s t f r o n t a l above. W h e r e 
the alisphenoids have a greater r e l a t i ve size, as i n the P e r c h , and 
where the less constant pet rosal decreases or disappears, t he i r 
connections are more ex tens ive ; t h e y t h e n reach the exoccipi tals , 
and sometimes even j o i n a smal l p a r t o f the basioccipi ta l . I n 
the i n c o m p l e t e l y ossified sku l l s o f some fishes, e. g . the P i k e and 
the Salmon t r i b e , the basal and l a t e ra l c ran ia l bones are l i n e d b y 
car t i lage , w h i c h f o r m s the m e d i u m o f u n i o n be tween t hem, 
especially the l a t e ra l ones : i n be t t e r ossif ied fishes, e. g . the Cod , 
the u n i o n o f the alisphenoids is b y su tu re , p a r t l y denta ted , p a r t l y 
squamous. I n the C o d the second and t h i r d d iv is ions o f the t r i 
g e m i n a l nerve pass o u t o f the c r a n i u m b y the an te r io r n o t c h ; i n 
some other fishes t h e y escape b y f o r a m i n a i n the a l i spheno id : a 
p a r t o f the ves t ibu le and the an te r io r semic i rcu la r canal o f the 
acoustic l a b y r i n t h u s u a l l y encroach u p o n i t s i n n e r concavi ty , 
whence some have deemed i t t o be the pe t rous bone. T h e chief 
v a r i e t y i n the parietals , figs. 76 and 83 7, has been n o t e d i n con
nec t ion w i t h the superocc ip i ta l , i b . 3. 

I n some fishes the pa r i e t a l is p e r f o r a t e d b y t h e e nervus 
lateral is , ' w h i c h supplies the v e r t i c a l fins. T h e l e f t pa r i e t a l is 
broader t h a n the r i g h t i n the H a l i b u t and some o ther flat fishes 
(JPleuronectidce). 

T h e process f o r the a t t achment o f the g rea t t r u n k - m u s c l e s is 
developed f r o m the outer m a r g i n o f the mas to id , figs. 83 , 85 , 8 ; 
the inne r side o f th i s bone is expanded, and enters s l i g h t l y i n t o 
the f o r m a t i o n o f the wa l l s o f the c ran ia l , or r a the r o f the acoustic 
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c a v i t y ; i t s i n n e r , u s u a l l y ca r t i l ag inous , surface l o d g i n g p a r t o f 
one o f the semic i r cu la r canals. I t is w e d g e d i n t o the interspace 
o f t he ex- and par -occ ip i ta l s , t he petrosal , the a l isphenoid, the 
pa r i e t a l , t he f r o n t a l , and p o s t f r o n t a l bones. T h e p r o j e c t i n g p r o 
cess lodges above the c h i e f mucous canal o f the head, and b e l o w 
af fords a t t achmen t t o the ep i tympan ic , or uppe r piece o f the 
b o n y pedicle f r o m w h i c h the m a n d i b u l a r , h y o i d , and opercular 
bones are suspended. 

T h e orbitosphenoids, figs. 83 , 85 , 10, are osseous plates u s u a l l y 
o f a square shape, sometimes semic i rcu la r or semie l l ip t i c , as i n 
the C o d ; l a rge r i n the Malacopteri, fig. 83 , 10 ; v e r y smal l i n 
mos t Acanthopteri; and sometimes represented b y a descending 
p la te o f the f r o n t a l , as i n the G a r p i k e , or b y unoss i f ied car t i l age , 
as i n mai l -cheeked fishes. I n the C a r p t h e i r bases meet , l i k e those 
o f the al isphenoids, above the s p h e n o i d : w h e n osseous m a t t e r is 
developed i n the i n t e r o r b i t a l s ep tum the orbi tosphenoids are 
a r t i c u l a t e d b y t h e i r u n d e r and an te r io r p a r t t o t h a t bone or 
bones, fig. 83 , l o . 1 T h e o l f a c t o r y nerves pass f o r w a r d b y the 
super ior interspace o f the orbi tosphenoids and the op t i c nerves 
escape b y t h e i r i n f e r i o r interspace, or b y a d i r e c t p e r f o r a t i o n ; and 
the essential f u n c t i o n s o f t h e orbi tosphenoids re la te to the p r o 
t e c t i o n o f the sides o f the c e r e b r u m or prosencephalon, and to 
the t ransmiss ion o f the op t ic nerves. T h e orbi tosphenoids 
f r e q u e n t l y b o u n d or complete the f o r a m e n ovale. 

A l t h o u g h the frontal a lways enters i n t o the f o r m a t i o n o f t h e 
c ran ia l c a v i t y , i t s m a j o r p a r t f o r m s the r o o f o f the o rb i t s , w h i c h 
accessory f u n c t i o n is the c h i e f c o n d i t i o n o f the g rea t expanse o f 
th i s n e u r a l spine i n fishes. S ing le , and sending u p a med i an crest 
i n the C o d , the E p h i p p u s , a n d some o ther fishes, the f r o n t a l is 
m o r e c o m m o n l y d i v i d e d a long the m e d i a n l i n e , t h e d iv is ions 
h a v i n g the f o r m o f l o n g and b road s u b t r i a n g u l a r plates, fig. 76 , 
l i , 1 1 ; n a r r o w e r i n the l o f t y compressed s k u l l s , smal ler i n those 
w i t h l a rge o r b i t s , a n d b e c o m i n g g r e a t l y expanded i n the fishes 
w i t h smal l a n d deep-set eyes. E a c h f r o n t a l sends u p i t s o w n crest 
i n the T u n n y , 2 t he in terspace l e ad ing to a f o r a m e n , p e n e t r a t i n g the 
c r an i a l c a v i t y i n f r o n t o f t h e s ingle o c c i p i t a l s p i n e : a l a r g e r 
fon t ane l l e exists i n t h e C o b i t i s a n d some S i lu ro id s b e t w e e n t h e 
f r o n t a l a n d p a r i e t a l bones. I n t h e Sa lamandro id fishes (e . g . 
Polypterus) each f r o n t a l sends d o w n a v e r t i c a l l o n g i t u d i n a l p la t e , 

1 The specially developed interorbital septum, or 'cranial sethmoid' of Cuvier in 
the Bream and Carp, misled Bojanus into the belief that it was the body of the 
prosencephalic vertebra (vertebra optica).—Isis, 1818, p. 502. 

2 Reminding one of the double spine of the neural arch of the atlas in Tetrodon. 
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w h i c h rests d i r e c t l y u p o n the presphenoid , and in te rcep ts a 
canal a long w h i c h the o l f a c t o r y ' c r u r a ' are c o n t i n u e d f o r w a r d 
t o the p re f ron ta l s : t he l a t e r a l parietes o f t h i s canal thus f o r m 
n o t o n l y a complete , b u t a double b o n y p a r t i t i o n be tween the 
orb i t s . I n the Shad a cor responding descending p la te takes 
the place o f the orb i tosphenoid . I n most A c a n t h o p t e r i an ol fac
t o r y groove is f o r m e d b y shor t v e r t i c a l descending plates f r o m 
the under surface o f the f r o n t a l . T h e m i d f r o n t a l is single i n 
the Pleuronectidce, b u t has undergone more m o d i f i c a t i o n t han 
any o f the p reced ing bones i n connec t ion w i t h the genera l dis tor
t i o n and loss o f s y m m e t r y o f the h e a d : i n the H a l i b u t the r i g h t 
poster ior angle is t r unca t ed , and the rest o f t h a t side scooped ou t , 
as i t were , t o f o r m the large o r b i t o f the r i g h t side : the l e f t side 
o f the bone retains i t s n o r m a l f o r m : a med ian crest, a con t inua t ion 
o f t ha t u p o n the superoccip i ta l , d ivides the t w o sides. 

T h e postfrontals, figs. 75 , 76 , 83 , 12, 12, o b v i o u s l y be long to the 
same category o f ve r t eb r a l pieces as the mastoids, whose p r o m i 
nen t crest t hey p a r t l y unde r l i e and comple te , l e n d i n g t he i r a id i n 
the f o r m a t i o n o f the single (e. g . C o d , Sa lmon) , or double , (e. g . 
P i k e ) a r t i cu l a r cavit ies f o r the t y m p a n i c ped ic le : l i k e the mastoids 
t h e y are ossified i n and f r o m the p r i m i t i v e c r an i a l c a r t i l age ; and 
t h e i r i nne r surface is expanded, b u t t h i s less f r e q u e n t l y enters 
i n t o the f o r m a t i o n o f the c ran ia l c a v i t y : t h e y f o r m the posterior 
bounda ry o f the o r b i t ; are a r t i c u l a t e d be low to the orbi tosphenoid 
and al isphenoid, above to the f r o n t a l , a n d b y t h e i r poster ior and 
uppe r surfaces to the mastoid . 

T h e vomer, figs. 83 , 84 , 13, is w e d g e d i n t o the under pa r t o f 
the p respheno id ; i t s an tero- la tera l angles are a r t i c u l a t e d to the 
p r e f r o n t a l s ; i t s upper surface supports the nasal bone, sometimes 
i m m e d i a t e l y , sometimes b y an i n t e r v e n i n g e thmoida l cart i lage. 
T h e pala t ine bones abu t against the expanded an te r io r p a r t o f 
the vomer , the under side o f w h i c h c o m m o n l y suppor ts teeth. 
T h e l e f t ala o f the an te r ior end o f the v o m e r is c h i e f l y developed 
i n the H a l i b u t and other flat fishes. I n the Lep idos t eus , the 
vomer is d i v i d e d i n t o t w o , as i n Batrachia, b y a med ian c le f t . 
A l t h o u g h i ts poster ior end jo in s o b l i q u e l y t o the u n d e r p a r t o f 
the presphenoid, i t is no t , t he re fo re , less a c o n t i n u a t i o n o f the 
basicranial series t h a n is the postsphenoid, w h i c h j o i n s i n a 
s imi la r manner w i t h the bas ioccip i ta l . 

T h e prefrontals de fend and suppor t the o l f a c t o r y p ro longa t ions 
o f the cerebral axis , g ive passage to these so-called e o l f a c t o r y 
nerves, ' b o u n d the o rb i t s a n t e r i o r l y , f o r m the surface o f a t t achmen t 
or suspension f o r the pala t ine bones, and t h r o u g h these f o r the 
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p a l a t o - m a x i l l a r y a r c h : t h e y rest b e l o w u p o n the presphenoid and 
vomer , suppor t above the fo re p a r t o f the f r o n t a l and the back 
p a r t o f the nasal bones, and , b y t h e i r ou ter or f ac ia l ex tens ion , 
g i v e a t t achmen t to the la rge a n t o r b i t a l or l a c r y m a l bone. T h e y 
are ossif ied i n and f r o m p r e - e x i s t i n g c ran ia l car t i lage . 

S u c h are the essential characters o f the bones w h i c h C u v i e r has 
ca l l ed e f r o n t a u x a n t e r i e u r e s ' 1 i n Fishes , and to w h i c h I a p p l y t h e 
name o f e p r e f r o n t a l ' i n a l l classes o f V e r t e b r a t e animals. I n the 
C y p r i n o i d s , a n d mos t Ha leco ids , t he p re f ron t a l s f o r m p a r t o f an 
i n t e r o r b i t a l sep tum. W h e n anchylosis begins to p r e v a i l i n the 
c r an i a l bones o f F ishes , t h e p r e f ron t a l s man i fe s t t h e i r essential 
r e l a t ionsh ip to the vomer ine and nasal bones b y becoming conf luen t 
w i t h t h e m : thus w e recognise the p r e f ron t a l s i n the conf luen t 
par t s o f t h e nasal v e r t e b r a o f the Conger , b y t h e ex t e rna l g roove 
c o n d u c t i n g the o l f a c t o r y nerves t o the nasal capsules, and b y t h e 
i n f e r i o r process f r o m w h i c h the pa la t ine bone is suspended. 2 I n 
the MurcerxB, also, t he p r e f r o n t a l s are p l a i n l y con f luen t w i t h the 
nasal, 15, bone, and f o r m the w e l l m a r k e d a r t i c u l a r surfaces f o r t h e 
p a l a t o - m a x i l l a r y bone. I n some fishes a process o f the p r e f r o n t a l 
c i rcumscr ibes t h e f o r a m e n b y w h i c h the o l f a c t o r y e c r u s ' finally 
emerges f r o m the an t e r io r p r o l o n g a t i o n o f the c ran io -ve r t eb ra l 
canal . I n the C a r p th i s p a r t o f the b r a i n traverses a deep n o t c h 
o n the i n n e r side o f the p r e f r o n t a l , fig. 83 , 14. I n the C o d t h e 
pa la t ine a r ch is c h i e f l y b u t n o t w h o l l y suspended to the p r e f r o n 
ta ls . T h e r i g h t p r e f r o n t a l is t he smallest i n t h e u n s y m m e t r i c a l 
s k u l l s o f the flat-fishes. 

T h e nasal bone is u s u a l l y s ing le , and te rmina tes f o r w a r d i n a 
t h i c k obtuse e x t r e m i t y . T h e an t e r i o r end o f the nasal is deepest 
i n those Fishes w h i c h have a smal l m a x i l l a r y a rch suspended f r o m 
t h e c ran ia l axis b y v e r t i c a l pala t ines , a n d w h i c h have a l a rge 

1 * Deux frontaux antirieures, qui donnent passage aux nerfs olfactifs, ferment les 
orbites en avant, s'appnyent sur le sphenoide et le vomer, et donnent attache par une 
facette de leur borde inferienre aux palatins.'—Lecons d" Anat. CompAi. 1837, p. 606. 
Compare this enunciation of the essential characters of the anterior frontals with 
Cuvier's descriptions of the bones to which he applies that name in other classes, and 
with the variable determinations of the same bones by other anatomists—le lacrymal, 
Geoffroy and Spix ; lamina cribrosa ossis ethmoidei of Bojanus ; seitliche reichbeine, 
Meckel, Wagner. Without at present entering into the respective merits or demerits 
of these determinations, I shall only state that the prefrontals, under whatever names 
they are described, are essentially the neurapophyses of the nasal vertebra, and that 
the failure in the attempt to determine the special homologies of these bones may, in 
every case, be traced to the non-appreciation of their true general homology. 

2 I n the Conger, Cuvier1 recognises the prefrontals as persistent cartilages. 

V O L . I . 
' Op. cit. (xiii.), ii . p. 235. 

I 
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bas ic ran ia l canal. I n some fishes, as the Salmonidce, t he nasal is 
b road b u t n o t deep : i n Istiophorus i t is l o n g a n d n a r r o w : i n t h e 
Discoboles and Lophobranchii i t is a shor t v e r t i c a l compressed 
p l a t e : i t is a l together absent i n t h e L o p h i u s , or is represented 
here , as i n the D i o d o n , b y a fibrous membrane , r e t a i n i n g the 
p r i m i t i v e h i s to log ica l c o n d i t i o n o f the skele ton. I n the F l y i n g 
G u r n a r d the nasal has no immed ia t e connec t ion w i t h the v o m e r ; 
b u t th i s is a ra re except ion . I n mos t fishes the nasal c a v i t y is 
more comple te ly d i v i d e d b y the nasal bone i n t o t w o d i s t i n c t la te ra l 
fossae t h a n i n any other class o f Ve r t eb ra t e s . 

I n A m i a , Lep idos teus , P o l y p t e r u s , a n d m a n y e x t i n c t ganoid 
Fishes the nasal is d i v i d e d a t t h e med ian l i n e . T h e h o r n - l i k e p r o 
j e c t i o n f r o m the fo re p a r t o f the s k u l l o f t h e Naseus unicornis is 
f o r m e d ch i e f ly b y a process o f the f r o n t a l bone, t o the under pa r t 
o f w h i c h a smal l nasal is a r t i cu l a t ed . 

T h e t u r b i n a l s , or osseous capsules o f the nose, are s i tua ted at the 
sides or above the nasa l : t he p r e m a x i l l a r y a n d the m a x i l l a r y 
bones are u s u a l l y at tached t o i t s e x t r e m i t y t h r o u g h the m e d i u m o f 
a s y m m e t r i c a l car t i lage w h i c h is a r t i c u l a t e d w i t h the fo re pa r t o f 
the nasal bone, a n d extends f o r w a r d to the interspace o f the upper 
ends o f the p remax i l l a r i e s . T h i s * p r enasa l ' ca r t i lage o f t e n fo rms 
a sep tum b e t w e e n the t w o * ossa t u r b i n a t a : ' i t is p a r t i a l l y ossified 
i n t h e C a r p . 

T h e sense-capsules are so in t e rca l a t ed w i t h t h e n e u r a l arches, 
w h i c h are m o d i f i e d t o f o r m cavi t ies f o r t h e i r r ecep t ion , t ha t the 
demons t ra t ion o f the s k u l l w i l l be best f a c i l i t a t e d b y descr ib ing 
t h e m before w e proceed t o the haemal arches o f t h e c ran ia l ve r t e 
bras. 

A c o u s t i c capsule, or petrosal, figs. 8 1 , 83 , 8 5 , 16. 
W e "have seen t h a t the first deve loped ca r t i l age u p o n the 

p r i m i t i v e membranous w a l l o f the s k u l l f o r m s a special p ro t ec t i ng 
envelope f o r the l a b y r i n t h , w h i c h alone cons t i tu tes the o rgan o f 
h e a r i n g i n Fishes (Ammocetes, fig. 58 , 16). I n t h e progressive 
accumula t ion o f ca r t i l ag inous t issue u p o n the base a n d sides o f 
the c r a n i u m , the ear-capsule loses i t s i n d i v i d u a l i t y , a n d becomes 
b u r i e d i n the c o m m o n t h i c k bas i la tera l parietes o f t h e c r a n i u m . 
I t is b l ended w i t h t h a t pers i s ten t ca r t i l ag inous p a r t o f the s k u l l i n 
the L e p i d o s i r e n ; b u t , i n the be t t e r ossif ied F ishes , w h e n the 
osseous centres o f the neurapophyses o f t h e c r a n i a l vertebrae 
b e g i n to be established i n t h a t ca r t i l ag inous basis, a d i s t i n c t bone 
is l i k e w i s e , i n most cases, developed f o r the m o r e express defence 
o f the l a b y r i n t h . Since, howeve r , f u n c t i o n s are less specialised, 
less conf ined to the p a r t i c u l a r o rgan u l t i m a t e l y des t ined f o r t h e i r 
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pe r fo rmance i n t h e l o w e r t h a n i n the h ighe r classes, w e find i n 
F ishes several bones t a k i n g p a r t w i t h the special acoustic capsule 
i n the l o d g m e n t o f the l a b y r i n t h ; and i t is o n l y i n the h ighe r 
Ve r t eb ra t e s t h a t t h e capsule, unde r the name o f the ' pe t rous 
bone, ' e n t i r e l y and e x c l u s i v e l y envelopes the l a b y r i n t h . I t s 
oss i f ica t ion commences l a te r t h a n t h a t o f the c ran ia l neurapo
physes, i n the series o f Osseous Fishes : there are species (e. g . 
P i k e ) i n w h i c h , a f t e r the exoccipi ta ls , al isphenoids, and o r b i t o 
sphenoids have rece ived t h e i r dest ined amoun t o f oss i f icat ion, the 
pe t rosa l s t i l l remains i n the car t i l ag inous state : i t is smal l i n the 
C a r p , fig. 83 , 16, and B r e a m ; i n the P e r c h , figs. 84 , 85 , 16, i t is 
more d e v e l o p e d ; i t is somewhat l a rge r i n the flat-fish (e. g . 
H a l i b u t ) ; and i n the C o d , fig. 8 1 , 16, at tains an equa l size w i t h 
the a l i sphenoid , i b . 6, w h i c h i t resembles i n f o r m , except t h a t the 
no tched m a r g i n is poster ior . H e r e i t f o r m s the pos ter ior l a t e r a l 
w a l l o f the c r a n i u m ; a r t icu la tes b e l o w w i t h the bas iocc ip i ta l l , and 
basisphenoid, above w i t h the mas to id 8, and pa rocc ip i t a l 4, b e h i n d 
w i t h the exocc ip i t a l 2, and before w i t h the a l i sphenoid 6: i t sup
por t s the cochlear d i v i s i o n o f the l a b y r i n t h c o n t a i n i n g the o tol i tes . 
T h e c a v i t y ca l led c o t oc r ane ' l o d g i n g the pe t rosa l w i t h the rest 
o f t he ear-capsule, is f o r m e d , o n each side, b y the exocc ip i t a l , 
pa rocc ip i t a l 4, a l i sphenoid 6, mas to id 8, and p o s t f r o n t a l 4 : i t is some
t imes closed e x t e r n a l l y , b u t opens w i d e l y i n t o the c ran ia l c a v i t y . 

T h e op t ic capsule, or sclerotal, fig. 8 1 , 17, l i k e the acoustic cap
sule , is ca r t i l ag inous i n Plagios tomes, and also i n the semi-osseous 
fishes, as i n most Ganoids , t he L e p i d o s i r e n , the L o p h i u s , t h e 
L o p h o b r a n c h s and Plec tognathes . I n be t t e r ossif ied fishes i t is 
b o n y , and c o m m o n l y consists o f t w o h o l l o w hemisphero id pieces, 
each w i t h t w o opposite e m a r g i n a t i o n s ; the i n n e r ones c i r c u m 
s c r i b i n g the ho le , (analogous t o the meatus i n t e rnus o f the 
pe t rosa l ) , f o r the e n t r y o f t h e nerves a n d vessels t o the essential 
par t s o f the o rgan o f v i s i o n ; and the ou te r or an te r io r emarg ina
t ions s u p p o r t i n g t h e cornea. A s th i s p a r t o f the ske le ton o f t h e 
head re ta ins i t s p r i m i t i v e fibro-membranous c o n d i t i o n i n M a n , i t 
is ca l l ed e t h e sc lero t ic coat o f the e y e ; ' and the osseous plates 
deve loped i n i t i n B i r d s , m a n y R e p t i l e s , a n d F ishes , are t e r m e d 
' sc lero t ic bones. ' I t bears, h o w e v e r , t he same essential r e l a t i o n 
to t h e vascular a n d ne rvous par ts o f the o rgan o f s igh t , w h i c h the 
pe t rous bone does t o those par t s o f the o r g a n o f h e a r i n g , and 
w h i c h the t u r b i n a l bones do to t h e o r g a n o f s m e l l : t he per
s is tent independence o f t h e eye-capsule, w h i c h has l e d to i t s b e i n g 
c o m m o n l y o v e r l o o k e d as p a r t o f t h e ske le ton , relates to the 
r e q u i s i t e m o b i l i t y and f r e e suspension o f the o rgan o f v i s ion . I n 

I 2 
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the Car t i l ag inous Fishes , .however, i t is a r t i c u l a t e d b y means o f a 
pedicle w i t h the orb i tosphenoid . T h e osseous c a v i t y or ' o r b i t ' 
l o d g i n g the eyeba l l is f o r m e d b y the presphenoid , o rb i tosphenoid , 
f r o n t a l u , p o s t f r o n t a l 4, p r e f r o n t a l 14, and pala t ine 20, bones : i t 
opens w i d e l y ou twards , w h e r e i t i s , o f t e n , f u r t h e r c i r cumscr ibed 
b y the cha in o f s u b o r b i t a l scale-bones b e l o w , and , b u t less f r e 
q u e n t l y , b y a supe ro rb i t a l bone above. T h e b o n y o rb i t s i n most 
fishes communica te f r e e l y toge ther , o r r a the r w i t h t h a t n a r r o w 
p ro longa t i on o f the c ran ia l c a v i t y l o d g i n g t h e o l f a c t o r y c r u r a : 
b u t , i n m a n y Malacopteri, e. g . t he Shads and Erythrinus, the 
Citharinus and Hydrocyon, t he Synbranchus, and the genus 
Cyprinus, fig. 83 , an osseous sep tum, 18, d iv ides the orbi ts . I n 
the A m i a , Lep idos teus and P o l y p t e r u s the o rb i t s are d iv ided 
b y a double sep tum, f o r m i n g the p roper wa l l s o f the o l f ac to ry 
p r o l o n g a t i o n o f the c r a n i u m , as is the case i n the Ba t rach ia . 

T h e o l f ac to ry capsules, or turbinals, fig. 8 1 , 19, are lodged i n a 
c a v i t y ca l led c nasal, ' bounded b y a va r iab le n u m b e r o f bones, o f 
w h i c h the vomer , i b . 13, the p r e f ron t a l s , i b . 14, and the nasals, i b . 
15, are the most cons t an t : i n m a n y b o n y fishes the nasal chamber 
is closed b e h i n d b y car t i l age , w h i c h p a r t l y f o r m s the i n t e r o r b i t a l 
s e p t u m ; b u t i n w h i c h , i n some species, a slender symmet r i ca l 
b i f u r c a t e ( P e r c h ) or subquadra te ossicle is d e v e l o p e d ; i n the 
C y p r i n o i d ( f i g . 83 , i s ) a n d S i l u r o i d Fishes , i t a r t icula tes be low to 
the presphenoid , b e h i n d and above to t h e orbi tosphenoids , and 
above and before to the f r o n t a l s and p r e f r o n t a l s , f o r m i n g the ch ie f 
p a r t o f the i n t e r o r b i t a l sep tum. T h e capsules o f the t e r m i n a l 
p i t u i t a r y expansion o f the o rgan o f smel l are car t i lag inous i n the 
Plagios tomes, Chimaaroids, i n mos t Ganoids , and i n the L e p i d o 
s i ren . T h e y f o r m a s ingle t u b e , w i t h i n t e r r u p t e d car t i laginous 
parietes, l i k e a t rachea, i n several o f the Cyclos tomes . T h e t u r 
binals are developed f o r the more immed ia t e suppor t o f each o l 
f a c t o r y capsule, i n osseous fishes ; t h e y are gene ra l l y t h i n , more or 
less elongated, and co i led scales; s i tua ted a t the sides o f the nasal 
bone and o f the ascending processes o f the p remax i l l a r i e s ; u sua l ly 
f r ee , b u t i n the G u r n a r d s a r t i c u l a t e d w i t h the p r e f r o n t a l s and 
nasal, and i n the C o c k - f i s h (Argyreiosus) suspended above the nasal 
bone, f r o m the an te r io r p rominence o f the f r o n t a l spine. 

T h e p a l a t o - m a x i l l a r y a rch , fig. 8 1 , 20, 21,22, H , presents a s imple 
and i n t e l l i g i b l e c o n d i t i o n i n the L e p i d o s i r e n and P lag ios tomous 
fishes ; i n a l l i t is comple ted or closed at one p o i n t o n l y , v i z . , w h e r e 
the p remaxi l l a r i e s meet or coalesce, fig. 67 , 22. T h e pa la t ine bones 
are the piers o f th i s i n v e r t e d a rch , and t h e i r po in t s o f suspension 
are t h e i r a t tachments to the p r e f r o n t a l s , t he v o m e r i n e , and the 
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nasal bones. T h e a rch is comple ted b y the m a x i l l a r y and p re 
m a x i l l a r y bones, the symphys is o f the l a t t e r f o r m i n g i t s a p e x ; 
a n d i t is i n c l i n e d f o r w a r d , n e a r l y or q u i t e pa ra l l e l w i t h the base 
o f the s k u l l ; w h i c h , i n most fishes, extends t o the apex o f the 
a r ch , and i n some f a r beyond i t , b e i n g u s u a l l y more or less closely 
a t tached to i t . I n a i r -b r ea th ing Ver t eb ra t e s the a rch is more de
pendent , c i r c u m s c r i b i n g b e l o w the nasal or r e sp i r a to ry canal. T h e 
p t e r y g o i d bones p ro j ec t b a c k w a r d and o u t w a r d as the appendages 
o f the p a l a t o - m a x i l l a r y arch , i b . 2.3. B o t h m a x i l l a r y and i n t e r m a x 
i l l a r y bones t e n d b y t h e i r pecul ia r developement and independent 
m o v e m e n t i n b o n y fishes t o p ro j ec t f r e e l y o u t w a r d , d o w n w a r d , and 
b a c k w a r d . W e find, a t least, t h a t the genera l f o r m j pos i t i on , a n d 
a t tachments o f the s ingle and s imple p a l a t o - m a x i l l a r y a rch , i n the 
L e p i d o s i r e n or Ces t rac ion , are represented i n most osseous fishes, 
b y t h e i r several detached bones, the names o f w h i c h have been 
j u s t men t ioned . 

T h e palatine (p leurapophys i s o f nasal ve r t eb ra , figs. 8 1 , 84 , 20) is 
an i n e q u i l a t e r a l t r i a n g u l a r bone, t h i c k a n d s t rong at i t s u p p e r 
pa r t , w h i c h sends o f f t w o processes : one is the essential p o i n t o f 
suspension o f the p a l a t o - m a x i l l a r y arch , and ar t icula tes w i t h the 
p r e f r o n t a l and vomer a t t h e i r p o i n t o f u n i o n ; the o ther is convex , 
a n d passes f o r w a r d t o be a r t i c u l a t e d t o a concav i ty i n the super ior 
m a x i l l a r y , t o w h i c h , i n a l l F ishes , i t af fords a more or less moveable 
j o i n t . I n t h e Par ro t - f i shes and D i o d o n s the a r t i c u l a t i o n is q u i t e 
analogous to t h a t o f the mand ib le b e l o w w i t h the t y m p a n i c pedic le . 
I n the Lep idos teus , A m i a , and mos t Ganoids , i t is b y a su ture . I n 
t h e Shad the pa la t ine ar t icu la tes w i t h the p r e m a x i l l a r y as w e l l as 
the m a x i l l a r y . I n t h e M o r m y r u s the palat ines meet , and u n i t e 
toge the r a t t h e med ian l i n e . T h e pos te r io r border is j o i n e d t o 
t h e e n t o p t e r y g o i d , fig. 84 , 23, and i t s ou te r angle t o t h e p t e r y g o i d . 
T h e pa la t ine con t r ibu tes to f o r m the floor o f the o r b i t a n d the 
r o o f o f the m o u t h ; i n m a n y fishes i t suppor ts t ee th , b u t is eden
t u l o u s i n the C o d . I t var ies m u c h i n f o r m i n d i f f e r e n t species ; is 
s lender and e longated i n t h e w i d e - m o u t h e d voracious fishes as 
the P i k e , a n d is sho r t a n d b r o a d i n the broad-headed, s m a l l -

m o u t h e d fishes. 
T h e maxillary (haemapophysis o f nasal ve r t eb ra , fig. 8 1 , 21) is 

u s u a l l y a s m a l l edentu lous bone , 1 concealed i n a f o l d o f the s k i n 
b e t w e e n t h e pa la t ine a n d p r e m a x i l l a r y : i t l ies , i n the C o d , fig, 
75 , 21, pos te r io r t o a n d p a r a l l e l w i t h t h e p r e m a x i l l a r y , 22, w h i c h i t 
resembles i n f o r m , b u t is l o n g e r a n d t h i n n e r i n mos t osseous fishes: 

1 The Os mystaceum of ichthyotomists. 
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the upper , u s u a l l y b i f u r c a t e , end o f the m a x i l l a r y , f o r m s a socket 
on w h i c h the ascending or nasal process o f the p r e m a x i l l a r y 
g l i d e s ; a poster ior t ube rc l e a t th i s end is a t tached to the pala t ine , 
and l igaments connect the same expanded end t o the nasal, the 
t u r b i n a l , the vomer , and the p r e m a x i l l a r y : the l o w e r and h inder 
expanded end o f the bone is a t tached b y s t rong elastic l i gamen t , 
i n w h i c h a l ab i a l g r i s t l e is c o m m o n l y developed, t o the l o w e r j a w . 

I n the Sa lmon and H e r r i n g t r i b e , t he Sudis , fig. 86 , 21, A m i a , 
and most Ganoids , the m a x i l l a r y suppor ts t ee th . I n the Plecto-

gnathi ( G l o b e - f i s h and F i l e - f i s h ) , the 
max i l l a r i e s coalesce w h o l l y or i n pa r t 
w i t h the p remax i l l a r i e s . I n the Lepi-
dosteus t he c o n t r a r y c o n d i t i o n p r eva i l s : 
t he p r e m a x i l l a r y and m a x i l l a r y bones 
cons t i tu te , indeed , a s ingle dentigerous 
a rch or bo rde r o f the uppe r j a w , as i n 

onesofp^ato- % • 86 , b u t are s u b d i v i d e d i n t o many 
maxillary arch (Arapavma gigas) \)0UJ pieces, a Condi t ion w h i c h Seems to 

have p reva i l ed i n some o f the ancient e x t i n c t gano id fishes. I n 
the Polypterus the m a x i l l a r y is la rge and u n d i v i d e d on each s ide ; 
i t supports t ee th , and sends i n w a r d a pa la t ine p la te to j o i n the 
vomer and the pala t ine bone ; t hus a c q u i r i n g a fixed pos i t ion and 
a l l the n o r m a l features o f the bone i n h i g h e r animals . T h e 
m a x i l l a r y bone is v e r y d i m i n u t i v e i n the S i l u r o i d fishes, and 
appears, w i t h the p r e m a x i l l a r y , t o be e n t i r e l y w a n t i n g i n cer ta in 
Ee l s (Murcenidce). 

T h e premaxillary (haemal spine o f nasal ve r t eb ra , figs. 7 5 , 8 1 , 2 2 ) , 
one o f a s y m m e t r i c a l pa i r i n the C o d and mos t o ther osseous fishes, 
is modera te ly l o n g and slender, s l i g h t l y c u r v e d , expanded and 
no tched at b o t h e x t r e m i t i e s : the an te r io r end is b e n t u p w a r d , 
f o r m i n g the nasal process, and is a t tached b y l a x l igaments to the 
nasal bone and prenasal car t i l age , t o the pa la t ine , and to the 
an te r io r ends o f the m a x i l l a r y bones. T h e p remax i l l a r i e s are 
m o v a b l y connected to each other b y t h e i r an t e r io r ends ; the nasal 
processes are separated b y the prenasal car t i l age , the l o w e r or 
ou ter branches p ro j ec t f r e e l y d o w n w a r d and o u t w a r d , fig. 75 , 22 : 
the l ab ia l border o f each p r e m a x i l l a r y is beset w i t h t ee th , w h i l s t 
t he m a x i l l a r y bone is q u i t e edentulous i n mos t osseous fishes, as 
i n the C o d , i b . 21. I n Diodon the p remax i l l a r i e s and t h e i r 
l amel la ted den ta l apparatus coalesce and cons t i tu t e a s ingle s y m 
m e t r i c a l beak-shaped b o n e : the p r e m a x i l l a r y is also s ingle i n 
Mormyrus. T h e conf luen t p remax i l l a r i e s cons t i t u t e the s w o r d 
l i k e an te r io r p r o l o n g a t i o n o f the snout i n Xiphias, a n d are firmly * 
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and i m m o v a b l y a r t i c u l a t e d w i t h the prenasal and m a x i l l a r y bones, 
i n b o t h the S w o r d - f i s h and the G a r p i k e . T h e premaxi l la r ies are 
c o m m o n l y more ex tended i n the transverse t h a n i n the v e r t i c a l 
d i r e c t i o n ; b u t there are m a n y examples i n Fishes where t h e i r de
ve lopemen t is equa l i n b o t h direct ions . T h e v e r t i c a l extens ion, 
w h i c h f o r m s the nasal b r a n c h o f the p r e m a x i l l a r y , is o f u n u s u a l 
l e n g t h i n the fishes w i t h p ro t r ac t i l e snouts, as, f o r example , i n the 
P icare l s (Menidce), the D o r i e s (Zeus), and i n ce r t a in Wrasses , as 
Coricus, and especial ly the Epibulus, or Sparus insidiator o f 
Pa l las , fig. 87 , 22. I n th i s fish, the nasal b r a n c h o f the i n t e r 
m a x i l l a r y , i b . 22 ' , p lays i n a groove 
o n the uppe r surface o f the s k u l l , and /Jk*=v 87 
reaches as f a r back as the occ ipu t w h e n 
the m o u t h is r e t rac ted . T h e descend
i n g o r m a x i l l a r y b r a n c h is a t tached 
b y a l i g a m e n t , i b . 2 2 l o n g e r t h a n 
i t se l f , t o t h e l o w e r end o f the m a x i l 
l a r y bone, i b . 21, and consequent ly 
d raws f o r w a r d t h a t bone, toge ther w i t h 
the l o w e r j a W , tO Which the Same end Mechanism of protraction and retraction 

p , i -n • , , 1 1 1 T °f t l i e mouth [Epibulus insidiator) 
01 t he m a x i l l a r y is a t tached by l i g a 
m e n t , w h e n the l o n g nasal b r anch o f the p r e m a x i l l a r y gl ides 
f o r w a r d o u t o f the ep ic ran ia l groove. T h e p r o t r a c t i l e ac t ion is 
f u r t h e r f a v o u r e d b y a pecu l ia r m o d i f i c a t i o n o f the h y p o t y m p a n i c , 
i b . 28, w h i c h , b y i t s g rea t l e n g t h and movable a r t i c u l a t i o n a t 
b o t h ends, cooperates w i t h the l o n g p r e m a x i l l a r y i n t h e sudden 
p r o j e c t i o n o f the m o u t h , b y w h i c h th i s fish seizes the sma l l , ag i le , 
aquat ic insects t h a t cons t i tu te i t s p r e y . I n the Lophius the nasal 
processes o f the p remax i l l a r i e s enter a g roove i n the f r o n t a l : 
i n t he Uranoscopus t h e y also reach the f r o n t a l , p l a y i n g u p o n t h e 
s m a l l nasal bone a n d press ing i t d o w n , as i t w e r e , u p o n t h e 
vomer . I n the Dactylopterus t h e y penetra te b e t w e e n the nasal 
a n d the v o m e r , a n d p l a y i n the c a v i t y o f the rh inencepha l ic a rch . 

T h e d i v e r g i n g appendage o f the p a l a t o - m a x i l l a r y a rch consists, 
i n F i shes , o f t h e p t e r y g o i d a n d e n t o p t e r y g o i d bones, w h i c h , as 
t h e y are the least i m p o r t a n t par t s o f the a rch , so are t h e y t h e 
least c o n s t a n t : t h e y are w a n t i n g , f o r example , i n the S y n o d o n , 
P l a t y s t a c u s , H y d r o c y o n , a n d L o p h i u s ; are connate w i t h , o r 
i n d i s t i n g u i s h a b l e f r o m , the pa la t ine i n mos t Salmonoids a n d E e l s ; 
w h i l s t i n the Murgena a s ingle bone, the p t e r y g o i d , exis ts , b u t is 
d i sconnec ted w i t h t h e m a x i l l a r y a rch . M o s t F ishes , howeve r , 
p resen t , as i n the C o d , t h e t w o bones above named. T h e en to
p t e r y g o i d is eden tu lous i n t h e P e r c h , fig. 8 4 , 23, C o d , and mos t 
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o ther fishes, b u t is r i c h l y beset w i t h t e e t h i n t h e Arapaima gigas. 
I t p r i n c i p a l l y const i tu tes the floor o f the o r b i t , i t s b r ead th de
p e n d i n g m u c h u p o n the d e p t h o f t h a t c a v i t y ; i t sometimes is 
j o i n e d b y i t s med ian m a r g i n to the v o m e r and presphenoid, as i n 
the Cod- t r i be , C a r p - t r i b e , and F l a t - f i s h e s ; and t o the basisphenoid 
i n Lepidosteus, Erythrinus, and Polypterus, a n d t h e n divides the 
o r b i t f r o m the m o u t h ; b u t more c o m m o n l y a v a c u i t y here exists 
i n the b o n y s k u l l , filled u p o n l y b y mucous membrane i n the 
recen t fish; i n Upeneus, Polyprion, and Cheilinis, f o r example, 
t he e n t o p t e r y g o i d does n o t j o i n the basisphenoid. 

T h e p t e r y g o i d f o r m s i n the C o d , fig. 75 , 24, a n inequ i l a t e ra l 
t r i a n g u l a r p la te , b u t more e longated t h a n t h e pa la t ine , w i t h w h i c h 
i t is dove ta i led a n t e r i o r l y ; i t becomes t h i c k e r towards i t s pos
t e r i o r end, w h i c h is t r u n c a t e d and firmly i n g r a i n e d w i t h the 
an te r io r border o f the h y p o t y m p a n i c ; i t s l o w e r border is smooth, 
t h i ckened , and concave; edentulous i n the C o d , b u t more f r e 
q u e n t l y s u p p o r t i n g t ee th , as i n the P e r c h . T h e p t e r y g o i d and 
pa la t ine appear to f o r m one bone i n t h e g rea t Sudis , (Arapaima 
gigas, fig. 86 , 20, 24) : and t h e y are con f luen t i n the E e l t r i b e . 

T h e t e n bones o f w h i c h the p a l a t o - m a x i l l a r y a rch is composed 
i n Osseous fishes are, i n the C o d and mos t o ther species, so dis
posed, i n r e l a t i o n to the pecul ia r movements o f the m o u t h , as t o 
appear l i k e three pa ra l l e l a n d independen t arches, successively 
a t tached b e h i n d one another , b y t h e i r keystones , t o the fo re pa r t 
o f the axis o f the s k u l l , and w i t h t h e i r piers or c r u r a suspended 
f r e e l y d o w n w a r d and o u t w a r d , fig. 75 , 22, 21, except those o f the 
las t or p te rygo-pa la t ine a rch , i b . 23, 24, w h i c h a b u t against the 
t y m p a n i c pedicles. T h e s i m p l i f i c a t i o n or confluence o f t h e t w o 
first o f these spur ious arches is ef fected i n the Sa lmono id Fishes , 
Sudis , fig. 86 , & c , b y the shor t en ing o f the p r e m a x i l l a r y , and b y 
the mode o f i t s a t tachment t o the m a x i l l a r y , w h i c h n o w f o r m s 
t h e l a rge r p a r t o f the border o f the m o u t h and suppor ts t e e t h : 
t h e max i l l a r i e s are b r o u g h t i n t o close a r t i c u l a t i o n w i t h t h e pala
t ines i n the Plectognathes , and the consol ida t ion o f t h e w h o l e 
series i n t o i ts n o r m a l u n i t y is e f fec ted i n t h e L e p i d o s i r e n . T h e 
palat ines f o r m the t r u e bases o f the i n v e r t e d a rch a t t h e i r po in t s 
o f a t tachment to the p r e f r o n t a l s ; t he p remaxi l l a r i e s cons t i tu t e the 
t r u e apex, a t t h e i r m u t u a l j u n c t i o n o r s y m p h y s i s ; t he a p p r o x i 
m a t i o n o f w h i c h to the an te r io r end o f t h e axis o f the s k u l l is 
r endered possible i n fishes, b y the absence o f a n y air-passage o r 
nasal c a n a l ; t he p te rygo ids are the d i v e r g i n g appendages o f the 
a r c h ; b u t are a t tached pos t e r io r ly t o s t r eng then the pedic le sup 
p o r t i n g the l o w e r j a w , and combine i t s movements w i t h those o f 
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the u p p e r j a w ; j u s t as the b o n y appendages o f one costal a rch i n 
B i r d s associate i t s movements w i t h those o f the nex t . 

Tympano-mandibular arch, fig. 8 1 , H , 25—32.—This presents 
i t s t r u e i n v e r t e d or haemal charac ter ; i t s apex or key-s tone f o r m e d 
b y the s y m p h y s i a l j u n c t i o n o f the l o w e r j a w h a n g i n g d o w n w a r d s 
f r e e l y , b e l o w the v e r t e b r a l axis o f t h e s k u l l . T h e piers , or po in t s o f 
suspension, o f the a rch , are f o r m e d b y the epitympanics: each e p i 
t y m p a n i c is a r t i c u l a t e d to b o t h the p o s t f r o n t a l , 12, and the mas to id , 
8, a n d is d i v i d e d a r t i f i c i a l l y i n fig. 8 1 ; i t s a r t i c u l a r surface is f o r m e d 
i n the C o d b y a s ingle e longated condy le , fig. 75 , 28; i n m a n y 
o the r fishes b y a double condyle , one f o r each o f the above-named 
c ran ia l parapophyses, fig. 8 4 , 28. I n the D i o d o n t h e uppe r bo rde r 
o f t he e p i t y m p a n i c is a r t i cu l a t ed b y a deeply inden ted su ture t o 
the f r o n t a l , t he p o s t f r o n t a l and mas to id bones : i t s pos ter ior 
m a r g i n suppor ts , as i n m a n y o ther fishes, a c i r c u l a r a r t i c u l a r sur 
face f o r the opercu la r bone, fig. 84,35. B e l o w t h e condy le , t h e 
e p i t y m p a n i c i n the C o d , fig. 75 , becomes compressed l a t e r a l l y , 
b u t is m u c h expanded f r o m before b a c k w a r d . T h e a lmost c o n 
s tant b i f u r c a t i o n o f b o t h ends o f the e p i t y m p a n i c i n osseous 
fishes, f o r a r t i c u l a t i o n w i t h t w o c ran ia l parapophyses above, and 
suspending t w o i n v e r t e d arches b e l o w , make i t appear l i k e a 
coalescence o f the uppe rmos t pieces o f b o t h those arches. I n 
mos t fishes the l o w e r end is b i f i d , and suppor ts b o t h t h e m a n 
d i b u l a r a n d the hyo idean arches; the s t y l o h y o i d , fig. 81,38, b e i n g 
a t tached near the j u n c t i o n o f t h e e p i t y m p a n i c w i t h the meso-
t y m p a n i c . T h e con t iguous r i b s o f the Che lon ia are i m m o v a b l y 
connected toge the r t o ensure fixity and s t r e n g t h t o the carapace: 
the b u l k y apparatus suspended f r o m t h e p a r i e t a l a n d f r o n t a l v e r 
tebrae o f osseous fishes demanded the add i t i ona l s t r e n g t h i n t h e 
s u p p o r t i n g axis w h i c h is ga ined b y the conf luence o f t h e i r bodies, 
a n d also b y t h a t o f t h e p r o x i m a l pieces o f the pleurapophyses b y 
w h i c h the t w o haemal arches are suspended f r o m those vertebrae. 
T h e an t e r io r d i v i s i o n o f t h e e p i t y m p a n i c piece a r t i cu la tes w i t h 
the p reopercu la r , fig. 75 , 34, t h e meso tympan ic , fig. 8 1 , 26, a n d 
p r e t y m p a n i c , i b . 27; the pos te r io r d i v i s i o n is aga in b i f u r c a t e i n 
the C o d , s u p p o r t i n g p a r t o f t h e p reope rcu la r and p a r t o f t h e 
ope rcu la r bone. A s t r o n g crest p ro jec t s f r o m i t s ou t e r surface i n 
t h i s a n d m a n y o the r fishes. T h e e p i t y m p a n i c is s imple a t b o t h 

ends i n t h e C a r p t r i b e . 
T h e mesotympanic, figs. 8 1 , 26, 8 4 , 38, is a slender, compressed, 

s l i g h t l y c u r v e d , e longated bone , a r t i c u l a t e d b y i t s u p p e r p a r t o r 
base t o t h e e p i t y m p a n i c a n d p r e o p e r c u l a r ; b y i t s l o w e r end to t h e 
i n n e r side o f the h y p o t y m p a n i c , r e a c h i n g a lmos t t o t h e m a n d i b u l a r 
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t roch lea ; and b y i t s an te r io r bo rde r t o the p r e t y m p a n i c . i b . b. T h e 
mesotympanic is c o n f l u e n t w i t h the e p i t y m p a n i c i n the S i l u r o i d , the 
Muraenoid , and some other fishes; b u t does n o t j o i n the ep i tympan ic 
i n the Lep idos teus , b e i n g i n t h a t fish suppor ted b y the preopercular . 

T h e pretympanic, figs. 8 1 , 27, 8 4 , b, is an o b l o n g b o n y scale, 
w i t h the poster ior m a r g i n t h i c k e n e d and g rooved f o r the recept ion 
o f the f o r e p a r t o f the meso tympan ic and the uppe r and fo re pa r t 
o f the h y p o t y m p a n i c . I t is con f luen t w i t h the h y p o t y m p a n i c i n 
the Conger and Muraena : i t does n o t j o i n e i the r th i s or the meso
t y m p a n i c i n the Lep idos teus . 

T h e hypotympanic, figs. 8 1 , 28, 75 a n d 8 4 , 28c?, is a t r i angu l a r 
p la te o f bone, l i k e the e p i t y m p a n i c reversed, b e a r i n g the a r t i cu la r 
convex t rochlea f o r the l o w e r j a w u p o n i t s i n f e r i o r apex and w i t h 
a s t r a igh t base. T h e pos ter ior m a r g i n o f the h y p o t y m p a n i c is 
g rooved f o r the r ecep t ion o f p a r t o f the preopercular , i b . 34, 
i t s i n n e r side is excavated f o r the i n s e r t i o n o f the po in t ed end 
o f the mesotympanic , and the an t e r io r angle is wedged be tween 
the p r e t y m p a n i c and the p t e r y g o i d , 24, a n d is firmly u n i t e d to 
the l a t t e r ; t he t roch lea is s l i g h t l y concave t ransverse ly , convex 
i n a greater degree f r o m before backwards . T h e S ly-bream 
(Epibulus, C u v . ) , presents the mos t r emarkab le m o d i f i c a t i o n o f 
the h y p o t y m p a n i c , fig. 87 , 28; i t is m u c h , e longated a n d slender, 
c a r r y i n g the l o w e r j a w a t an u n u s u a l distance f r o m the base o f the 
s k u l l , and i t is i t s e l f m o v a b l y connected a t i t s u p p e r end w i t h the 
mesotympanic . T h u s , i n the extensive p r o t r a c t i l e and re t rac t i l e 
movements o f the m o u t h , the unde r j a w swings b a c k w a r d a n d f o r 
w a r d o n i t s l o n g pedicle , as o n a p e n d u l u m ; the l o w e r j a w be ing 
f u r t h e r suppor ted or steadied i n those movements b y a l o n g l i gamen t , 
e x t e n d i n g f r o m the p r e o p e r c u l u m t o i t s angu la r piece, i b . I, 30. 

B y the confluence o f the meso- and ep i - t ympan ic s , a n d o f the 
p re - and hypo- tympan ic s , i n the E e l t r i b e , t h e suspensory pedicle 
o f t he l o w e r j a w is reduced t o t w o pieces, as i n Ba t r ach i a . I n 
the L e p i d o s i r e n i t is represented, as w e have seen, b y a single 
osseous p iece ; b u t t h i s I r e g a r d as the homologue o f o n l y the 
l o w e r h a l f o f the pedic le i n the Murcence, v i z . t he con f luen t p re -
and h y p o - t y m p a n i c pieces. T h i s progress ive s i m p l i f i c a t i o n , or 
d i m i n u t i o n o f the m u l t i p l i e d centres o f oss i f ica t ion o f the t y m p a n i c 
pedicle o f Fishes , even w i t h i n the l i m i t s o f the class, has m a i n l y 
w e i g h e d w i t h me i n r e j e c t i n g the C u v i e r i a n v i e w o f i t s special 
homolog i e s ; accord ing t o w h i c h , n o t o n l y the squamotempora l 
bone and the mala r bone o f h ighe r animals , b u t also the ' s y m p l e c t i c ' 
— a pecu l ia r i c h t h y i c b o n e — a r e superadded t o t h e ' t y m p a n i c ' 
o r quadrate bone o f E e p t i l e s and B i r d s , i n the f o r m a t i o n o f the 



ANATOMY OF VERTEBRATES. 123 

suspensory pedic le o f the unde r j a w o f F i shes ' A s c e n d i n g to the 
h i g h e r general isat ions o f homology , w e see i n the t y m p a n i c pedicle 
a ser ial r e p e t i t i o n o f the pa la t ine bone ; and , i n b o t h , the r ibs or 
p leurapophyses o f cont iguous vertebrae special ly m o d i f i e d f o r the 
mas t i ca to ry f u n c t i o n s o f the arches t h e y suppor t . 

T h e m a n d i b l e , figs. 8 1 , 84 , 29, 32, is the l o w e r p o r t i o n o f the 
a rch , b e i n g a r t i c u l a t e d t o the h y p o t y m p a n i c s above, and closed b y 
a l igamentous u n i o n or b o n y symphysis w i t h i t s f e l l o w at i t s l o w e r 
end. T h e t e r m (ramus' is app l i ed i n A n t h r o p o t o m y t o each h a l f 
o f t he mand ib l e , and each ramus consists o f t w o , th ree , or more 
pieces i n d i f f e r e n t fishes. M o s t c o m m o n l y i t consists o f t w o 
pieces, one (haemapophysis proper , 29,) a r t i c u l a t e d to the suspensory 
pedic le , and edentu lous , analogous to the m a x i l l a r y ; and the o ther 
(haemal spine, 32,) c o m p l e t i n g t h e a rch , and c o m m o n l y s u p p o r t i n g 
tee th , l i k e the p r e m a x i l l a r y . I n the C o d , and some o ther fishes, 
a t h i r d smal l piece is superadded, a t t he angle o f the pos ter ior 
piece, fig. 75 , 30. T h e d e n t a r y , 32, is deeply excavated , a n d 
receives a c y l i n d r i c a l ca r t i l age , the r e m n a n t o f the e m b r y o n a l 
haemal a rch , fig. 69 A , d, and the vessels and nerves o f the t ee th . 
T h e Sudis , fig. 88 , the P o l y p t e r u s , and A m i a , have the s p l i n t 
l i k e p la te a long the i n n e r 
surface o f the ramus , ca l led 
' s p l e n i a l : ' i t suppor ts t ee th 
and developes a co rono id p r o 
cess. I n b o t h Sudis and L e 
pidosteus there is superadded a 
sma l l b o n y piece, i b . 29 a, a n s w e r i n g to the su rangu la r i n R e p t i l e s . 

T h e Diverging Appendage o f the t y m p a n o - m a n d i b u l a r a rch 
consists o f the bones w h i c h s u p p o r t the g i l l - c o v e r , a k i n d o f shor t 
a n d b road fin, t h e movemen t s o f w h i c h r egu la t e the passage o f 
t h e cu r ren t s t h r o u g h the b r a n c h i a l c a v i t y , o p e n i n g and c los ing the 
b r a n c h i a l ape r tu re o n each side o f the head. T h e first o f these 
' o p e r c u l a r ' bones is the p reopercu la r , fig. 75 , 34, w h i c h is u s u a l l y 
the longest i n t h e v e r t i c a l d i r e c t i o n . I n the G u r n a r d s , or e m a i l e d -
cheeked ' F i shes , fig. 8 2 , the p reope rcu la r is a r t i c u l a t e d w i t h the 
eno rmous ly deve loped s u b o r b i t a l scale bone, 73. 

T h r e e bones u s u a l l y cons t i t u t e t h e second series o f t h i s 
appendage : t h e u p p e r one is c o m m o n l y t h e la rges t a n d o f a 
t r i a n g u l a r f o r m , t h i n a n d w i t h r ad i a t ed l ines l i k e a scale: i t is 
t he ope rcu la r , figs. 75 , 8 4 , 35 : i n the C o d i t is p r i n c i p a l l y connected 
w i t h t h e pos te r io r m a r g i n o f the p reopercu la r , and b e l o w w i t h the 
subopercu la r , i b . 36; b u t i t has u s u a l l y , also, a p a r t i a l a t t achment 
t o t h e ou t e r angle o f t h e e p i t y m p a n i c , fig. 8 4 ; a n d is some-
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t imes ( D i o d o n , Lophius, Anguilla) e x c l u s i v e l y suspended t h e r e f r o m . 
I n the Lophius piscatorius t he opercular is a l o n g and s t rong bone 
suspended v e r t i c a l l y f r o m the convex e p i t y m p a n i c condyle , and 
w i t h a l o n g and slender fin-ray p roceed ing f r o m the back p a r t o f 
t h a t j o i n t . T h e subopercu la r f o r m s the c h i e f p a r t o f the opercular 
fin b y i t s l o n g b a c k w a r d l y p roduced l o w e r angle. T h e sub
opercular bone i n the Conge r is soon reduced t o a mere r ay , 
w h i c h curves backwards a n d u p w a r d s l i k e one o f the branchio-
stegals. T h e opercular i t se l f , t h o u g h shor ter and r e t a i n i n g more 
o f i t s l amina ted f o r m , also shows p l a i n l y , b y i t s l e n g t h and curva
t u r e i n the Ee l s , i t s essential n a t u r e as a metamorphosed r ay o f 
the t y m p a n i c fin. W e . have seen t h a t a l l t h e f r a m e w o r k o f th is 
fin had the f o r m o f rays i n the Plagios tomes . I n Murcena the 
smal l opercular bones a r t i cu la t e o n l y t o the unde r h a l f o f the 
t y m p a n i c pedic le . T h e subopercu la r is w a n t i n g i n the Shad. 
T h e lowermos t bone, ca l led the in t e rope rcu la r , figs. 75 , 84 , 37, is 
a r t i cu l a t ed t o the p reopercu la r above, t o the subopercular behind , 
and usua l ly to the back p a r t o f the m a n d i b l e ; i t is at tached, also, 
i n t he C o d , b y l i g a m e n t to the ce ra tohyo id i n f r o n t . T h e in te r 
opercular and preopercu lar are the par ts o f the appendage w h i c h 
are most e longated i n the p e c u l i a r l y l eng thened head o f the 
Fistularia. 

T h e t h i r d i n v e r t e d a rch o f t he s k u l l is t he ' h y o i d e a n , ' f i g . 81,38-41, 
and is suspended, i n Osseous Fishes , t h r o u g h the m e d i u m o f the epi 
t y m p a n i c bone, 25, t o the mas to id , 8; s h o w i n g i t t o be the haemal arch 
o f t he pa r i e t a l ve r tebra . T h e first p o r t i o n o f t he a rch , s t y l o h y a l , fig. 
85 , 38, is a slender s t y l i f o r m bone, w h i c h is a t tached at the uppe r 
end b y l i g a m e n t to the i nne r side o f the e p i t y m p a n i c , close t o i t s 
j u n c t i o n w i t h the meso tympanic , a n d at t he l o w e r end t o the 
apex o f a t r i a n g u l a r p la te o f bone, w h i c h f o r m s the u p p e r p o r t i o n 
o f the ' g rea t co rnu . ' I a p p l y to th i s second piece, w h i c h is p r e t t y 
constant i n fishes, t he name o f e p i h y a l , i b . 39: the t h i r d longer 
a n d s t ronger piece is the ce ra tohya l , i b . 40. T h e keys tone or 
b o d y o f the i n v e r t e d h y o i d a rch is f o r m e d b y t w o s m a l l subcubica l 
bones o n each side, t he basihyals , i b . 41. These comple te the 
b o n y a rch i n some fishes: i n mos t others t he re is a med ian 
s t y l i f o r m ossicle, ex tended f o r w a r d f r o m the bas ihya l symphysis 
i n t o the substance o f the tongue , ca l led the glosso-hyal , i b . 42; and 
another s y m m e t r i c a l , b u t u s u a l l y t r i a n g u l a r , compressed bone, 
w h i c h expands as i t extends backwards , i n the m i d d l e l i n e , f r o m 
the basihyals ; th i s is the u r o h y a l , i b . and fig. 75 , 43. I t is connected 
w i t h the symphysis o f the coracoids, w h i c h closes b e l o w the f o u r t h 
o f the c ran ia l i n v e r t e d arches, and i t t hus f o r m s the i s t hmus w h i c h 
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separates b e l o w the t w o b r a n c h i a l apertures. I n the Conger the 
h y o i d e a n a r ch is s i m p l i f i e d b y the pers is tent l igamentous state o f 
t h e s t y l o h y a l , and b y the confluence o f the basihyals w i t h t h e 
ce ra tohya l s ; a l o n g glossohyal is a r t i cu l a t ed t o the uppe r p a r t o f 
the l igamen tous symphys i s , and a l o n g compressed u r o h y a l t o t h e 
u n d e r p a r t o f the same j u n c t i o n o f the h y o i d a rch . T h e glosso
h y a l is w a n t i n g i n t h e Murcenophis. 

T h e Diverging Appendage o f the h y o i d e a n a rch re ta ins the f o r m 
o f s imple , e longated, slender, s l i g h t l y c u r v e d rays , a r t i c u l a t e d t o 
depressions i n the ou te r and pos ter ior marg ins o f the e p i - a n d 
ce ra to -hya l s : t h e y are ca l led e branchiostegals , ' or g i l l - c o v e r r ays , 
fig. 85 , 44, because t h e y suppor t the membrane w h i c h closes 
e x t e r n a l l y t h e b r a n c h i a l chamber . T h e n u m b e r o f these rays 
var ies , and t h e i r presence is n o t constant even i n the b o n y F i s h e s : 
there are b u t th ree b road a n d flat rays i n the C a r p ; w h i l s t t h e 
c lupeo id Flops has more t h a n t h i r t y rays i n each g i l l - c o v e r : t h e 
most c o m m o n n u m b e r is seven, as i n the C o d , fig. 75 , 44. T h e y 
are o f enormous l e n g t h i n the A n g l e r , and serve t o s u p p o r t t h e 
membrane w h i c h is developed to f o r m a g rea t receptacle o n each 
side o f the head o f t h a t s ingu la r fish. 

T h e f o u r t h c r an i a l i n v e r t e d a rch , fig. 8 1 , 50 — 52, H , is t h a t 
w h i c h is a t tached to the p a r o c c i p i t a l ; or t o the pa rocc ip i t a l a n d 
m a s t o i d ; or , as i n the C o d , t o the pa rocc ip i t a l and p e t r o s a l ; o r 
as i n the P e r c h , fig. 85 , 50, a n d Shad, t o the pa rocc ip i t a l and 
b a s i o c c i p i t a l : t h u s e i the r w h o l l y or i n p a r t t o the parapophysis 
o f t he occ ip i t a l ve r t eb ra , o f w h i c h i t is essent ia l ly t h e haemal 
a r c h ; i t is u s u a l l y t e r m e d the ' scapular a rch . ' I n the E e l t r i b e , 
w h e r e i t is v e r y f e e b l y developed, and sometimes d e v o i d o f a n y 
d i v e r g i n g appendage, i t is loosely suspended b e h i n d the s k u l l ; 
and i n t h e P lagios tomes , fig. 30 , 51, 52, i t is n o t d i r e c t l y 
a t tached to i t s p rope r v e r t e b r a , t he occ ipu t , b u t is r e m o v e d 
f u r t h e r back, w h e r e w e sha l l u s u a l l y find i t d isplaced i n h i g h e r 
V e r t e b r a t e s , i n o rde r t o a l l o w o f g rea te r f r e e d o m t o t h e m o v e 
ments o f t h e head. 

T h e super io r piece o f the a r c h , c supra-scapular , ' figs. 8 1 , 8 5 , 
50, is b i f u r c a t e i n t h e C o d , or consists o f t w o shor t c o l u m n a r 
bones, a t t ached a n t e r i o r l y , t h e one t o the p a r o c c i p i t a l , t h e o the r 
a n d snor te r piece t o t h e pe t rosa l , a n d coalescing p o s t e r i o r l y a t an 
acute ang le , t o f o r m a s l i g h t l y expanded d i sk , f r o m w h i c h t h e 
second piece o f t h e a r c h is suspended v e r t i c a l l y . T h i s piece, 
ca l l ed ' scapula, ' i b . 51, is a s lender, s t r a i g h t bone , t e r m i n a t i n g i n 
a p o i n t b e l o w , a n d m o r t i s e d i n t o a g roove o n t h e u p p e r a n d ou te r 
side o f t h e l o w e r a n d p r i n c i p a l bone o f the scapular a rch . T h e 
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suprascapula a n d scapula toge ther represent the r i b or p l e u r 
apophysis o f the occ ip i t a l v e r t e b r a ; t h e y are a lways con f luen t i n 
the S i lu ro ids . T h e l o w e r bone ' coracoid, ' i b . 52, completes the 
arch . I n the C o d i t s p o i n t e d u p p e r e x t r e m i t y pro jec ts b e h i n d 
the scapula ; the m i d d l e p a r t developes b a c k w a r d a b road plate 
g i v i n g a t t achment to the rad ia ted appendage o f the a r c h : t h e 
l o w e r end bends i n w a r d and f o r w a r d g r a d u a l l y decreasing to a 
p o i n t , w h i c h is u s u a l l y connected to t h a t o f the opposite coracoid 
b y l i gamen t , and also t o the u r o h y a l . I n the Siluridaa the 
coracoids expand b e l o w , and are u n i t e d toge the r b y a dentated 
su ture . I n a l l Fishes t h e y suppor t and de fend the hear t , and f o r m 
the f r a m e or £ s i l l ' against w h i c h the opercular a n d branchiostegal 
doors shu t i n c los ing the b r anch i a l c a v i t y : t h e y also g ive a t tach
m e n t to the aponeurot ic d i a p h r a g m d i v i d i n g the per ica rd ia l f r o m 
the abdomina l c a v i t y . 

T h e bones o f the head b e i n g i n completes t number , de
p a r t i n g least f r o m the v e r t e b r a l p a t t e r n , a n d susceptible o f the 
mos t i n t e l l i g i b l e de f in i t ions i n the class o f F ishes , a f f o r d the best 
basis f o r d e t e r m i n i n g t h e i r homologies and fixing t h e i r nomencla
t u r e i n the h ighe r ver tebra te series. 

§ 3 1 . Skull of Chelonia. I f t he back p a r t o f the s k u l l o f a 
T u r t l e ( Chelone, fig. 8 9 ) be compared w i t h 
t h a t o f a C o d , fig. 77 , i t w i l l be seen t ha t the 
lowes t bone, l , offers an a r t i c u l a r surface 
f o r the c e n t r u m o f the atlas, passes f o r 
w a r d , expand ing , t o a r t i cu l a t e w i t h the 
basisphenoid, supports the ' m e d u l l a ob
longata , ' and is s u t u r a l l y a r t i c u l a t e d above 
to the pa i r o f bones, fig. 8 9 , 2, 2, w h i c h p r o 
tec t the sides o f the epencephalon. These , 
moreover , t r a n s m i t t h e hypoglossa l and 

vaga l nerves, develope each an a r t i c u l a t i o n f o r the neurapophyses 
o f t he atlas, and converge above to suppor t t h e keys tone o f the 
a rch , 3. "We have, thus , unmis takeable characters o f the basi-
ex- and super-occipi tals ; there is also a bone, 4, w e d g e d be tween 
the ex- 2, and super- 3, occipi ta ls mes ia l ly , and j o i n e d l a t e r a l l y 
t o the mas to id , 8: excavated o n i t s i nne r surface b y t h e postero
ex t e rna l semic i rcu la r canal , and p roduced o n i t s ou te r surface f o r 
the i n se r t i on o f the £ b i v e n t e r c e r v i c i s ' a n d £ c o m p l e x u s ' ; i t is the 
homologue o f the pa rocc ip i t a l ( £ occ ip i ta le ex te rne , ' C u v i e r ) , and 
bears the same general r e l a t i o n to the h i n d m o s t v e r t e b r a l segment 
o f t he s k u l l w h i c h the mas to id , 8, does t o t h e n e x t segment i n 
advance. 
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I n fig. 90 , the c e n t r u m 1, neurapophyses 2, and n e u r a l spine 
3, o f the epencephalic a rch , are seen f r o m t h e i r i nne r or c ran ia l 
s u r f a c e : w i t h the increas ing b u l k o f the b r a i n , the spine, 3, 
begins to expand l a t e r a l l y , and take a greater share i n r o o f i n g 
over the h i n d e r p a r t or epencepha lon : the parapophysis , 4, is 
exc luded i n t h i s v i e w . T h e g r i s t l y capsule o f the ear-organ fills 
u p the otocrane f o r m e d b y the bones, 2, 3, 5, and 6; and extends 
o u t w a r d a n d b a c k w a r d t o enter the basal c a v i t y o f 4, the pa r 

occ ip i t a l : w e r e oss i f ica t ion t o e x t e n d i n t o the acoustic capsule, 
e i ther f r o m an independen t cen t re , l i k e 16, figs. 8 1 , 83 , 8 4 , or 
b y con t inuous g r o w t h f r o m a n y o f the o toc ran ia l bones, t he t r u e 
homologue o f the ' p e t r o s a l ' o r ' pe t rous p o r t i o n o f the t e m p o r a l 
b o n e ' o f A n t h r o p o t o m y w o u l d be established. I n some E m y d i a n s 
there is a s m a l l autogenous b o n y p la t e i n t h e acoust ic ca r t i l age , 
close t o the f o r a m e n c a r o t i c u m . 

T h e basisphenoid, 5, con t inues f o r w a r d the series o f c r an i a l 
cen t rums , expands benea th t h e c ran ia l c a v i t y , a r t icu la tes o n each 
side w i t h t h e a l i spheno id , 6, and sends o u t f r o m i t s u n d e r a n d 
l a t e ra l surface a p la t e t o a r t i c u l a t e w i t h t h e p t e r y g o i d s , fig. 98 B , 24, 
and , i n t h e Emys, w i t h t h e pet rosal . T h e a l i spheno id , 6, fig. 90 , 
p ro tec t s the side o f t h e mesencephalon ( o p t i c l o b e ) , is w i d e l y 
n o t c h e d a n t e r i o r l y b y t h e e m e r g i n g d iv i s ions ( 2 n d and 3 r d ) o f the 
t r i g e m i n a l ne rve , is p e r f o r a t e d p o s t e r i o r l y b y a filament o f t h e 
acoust ic ne rve , w h e r e i t j o i n s t h e ca r t i l ag inous pe t rosa l ; i t 
a r t i cu l a t e s above w i t h t h e mas to id , 8, a n d p a r i e t a l , 7, and i n 
f r o n t w i t h t h e o rb i t o spheno id , n . T h e an t e r i o r semic i rcu la r 
cana l is p a r t l y l o d g e d i n t h e c a v i t y o f the otocrane c o n t r i b u t e d 
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b y the a l isphenoid. T h u s i n the bone 6, w e have a l l t he characters 
o f t h a t so n u m b e r e d i n figs. 8 1 , 83 , a n d 85 , and ca l led ' a l i 
sphenoid ' i n the fish. T h e c h i e f m o d i f i c a t i o n is due t o the greater 
developement o f 3, fig. 90 , i n Chelonia, w h i c h overlaps 6 as w e l l 
as 2. 

T h e par ie tals , figs. 90 , 9 1 , are u n i t e d , as i n C y p r i n o i d and 
G a n o i d fishes, b y the sag i t t a l su tu re , and are m u c h expanded b o t h 
t ransverse ly and l o n g i t u d i n a l l y , o v e r l a p p i n g , i n the T u r t l e , the 

superocc ip i ta l , fig. 90 , 3, and a r t i c u l a t e d w i t h i t and the mastoids , 
fig. 9 1 , 8, b e h i n d ; a n d w i t h the f r o n t a l s , i b . n , before . E a c h 
pa r i e t a l , also, sends d o w n a l o n g v e r t i c a l p la te , i', fig. 90 , w h i c h 
un i tes w i t h the a l isphenoid , 6, and orb i tosphenoid , l o , t h i s ossifica
t i o n t a k i n g the place and f u n c t i o n o f the l a t t e r neurapophyses i n 
fishes. 

T h e bone, figs. 89 , 9 1 , 8 , w h i c h ar t icu la tes w i t h the pa rocc ip i t a l 
4, pa r i e t a l 7, and p o s t f r o n t a l 12, w h i c h af fords the surface o f a t t ach
m e n t t o the uppe r end o f the t y m p a n i c 28, enters i n t o t h e f o r 
m a t i o n o f the acoustic chamber i n some E m y d i a n s , a n d projec ts 
o u t w a r d and b a c k w a r d to g i v e i n s e r t i o n t o the la t i ss imus c o l l i 
and trachelomastoideus, repeats t h e c h i e f and essential characters 
o f the bone so n u m b e r e d , and ca l led ' m a s t o i d ' i n F i shes , figs. 75 , 
76 , 83 , 8 5 , 8 : and f o r m s the t ransverse process o f t h e p a r i e t a l 
ve r tebra . 

T h e f o r w a r d c o n t i n u a t i o n o f the v e r t e b r a l bodies f r o m 5 remains 
c a r t i l a g i n o u s : the l o w e r h a l f o f the sides o f t h e prosencephalon 
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are defended p a r t l y b y fibro-cartilage, p a r t l y b y the exogenous 
descending lamellae, 7', o f the parietals : there are no separate oss i f i 
cat ions a n s w e r i n g to 9 and 10 i n fishes.1 T h e f r o n t a l s , figs. 90 , 9 1 , 
n , are suppor t ed l i k e an arch be tween the parietals 7 and p r e 
f r o n t a l s , 14: and each sends d o w n a l o n g i t u d i n a l lamel la , b o u n d 
i n g the sides o f the n a r r o w anter ior c o n t i n u a t i o n o f the b r a i n -
chamber , as i n Polypterus; b u t con t inued b y an unoss i f ied pla te to 
the ca r t i l ag inous presphenoid and v o m e r be low. T h e p o s t f r o n t a l , 
fig. 9 1 , 12, extends f r o m i t s connections w i t h the f r o n t a l n , and 
p a r i e t a l 7, d o w n w a r d and b a c k w a r d to u n i t e w i t h the mas to id , g, 
i n the T u r t l e , and w i t h the malar , 26, and squamosal , 27, i n a l l 
Chelonia. I t f o r m s the pos ter ior b o u n d a r y o f the o r b i t , b u t does 

n o t c o n t r i b u t e any share to the p roper c ran ia l wa l l s . 
T h e med ian s y m m e t r i c a l bone, fig. 90 , i s , w h i c h , l i k e a h y p a 

pophysis , is developed i n the l o w e r p a r t or p r o d u c t i o n o f the 
no tochorda l capsule, w h i c h under laps the an te r io r end o f the 
basi-pre-sphenoid, 5, b y i t s n a r r o w h i n d e r p a r t , — e x p a n d i n g as i t 
advances t o a r t i cu la te w i t h the p r e f r o n t a l s , 14 ,—having the pa la
t i n e bones, i b . 20, a b u t t i n g against the b road an t e r i o r p a r t , a n d 
e n t e r i n g b y i t s unde r surface i n t o the f o r m a t i o n o f the r o o f o f t h e 
m o u t h , fig. 98 B , n, repeats the essential characters o f t h e bone so 
n u m b e r e d and t e r m e d £ v o m e r ' i n Fishes , figs. 8 1 , 83 , 84 , 8 5 , 13 ; 
a n d , l i k e i t , represents the c e n t r u m o f the fo remos t segment o f the 
v e r t e b r a l series. T h e vomer is s ingle i n Chelonia, as i n mos t fishes. 

T h e bones, fig. 90 , 14, i n neurapophys ia l r e l a t i o n w i t h the vomer , 
p r o t e c t i n g the sides o f the rh inencepha lon o r o l f a c t o r y b u l b s , 
e n t e r i n g i n t o the an tero-super ior b o u n d a r y o f t h e o r b i t , f o r m i n g 
p a r t o f the surface o f a t t achmen t o f the pala t ines , s u p p o r t i n g 
the f o r e p a r t o f the f r o n t a l s , and connected, b u t m o r e c o m m o n l y 
connate, w i t h the nasals, i b . 15, fig. 9 1 , 14, repeat t h e essential 
characters o f the p r e f r o n t a l s o f F ishes , figs. 83 , 85 ,14. Conna te , as 
i n Chelonia t h e y u s u a l l y are, w i t h t h e nasals, t h e i r ou t e r expanded 
pla te uni tes w i t h the m a x i l l a r y , fig. 9 1 , 21, a n d completes t h e 
uppe r border o f the n o s t r i l , 18. 

T h e palat ines, figs. 90 , 98 B , 20, f o r m t h e sides o f the r o o f o f t h e 
m o u t h , a r t i c u l a t i n g m e d i a l l y w i t h the v o m e r , 13, n, a n d l a t e r a l l y 
w i t h the m a x i l l a r y , 21, a n d p t e r y g o i d , 24. T h e m a x i l l a r y , figs. 
90 , 9 1 , 21, presents a pa la ta l , f a c i a l , a n d o r b i t a l p la te . T h e pa la t a l 
p l a t e , fig. 98 B , 21, developes a mas t i ca to ry r i d g e p a r a l l e l w i t h the 
sharp alveolar border . T h e f a c i a l p l a t e , fig. 9 1 , 21, shows the c o n 
nec t ions w i t h the p r e f ron to -nasa l , u , t h e p r e m a x i l l a r y , 22, a n d the 
ma la r , 26; the o r b i t a l p l a t e is u s u a l l y p e r f o r a t e d b y the l a c r y m a l 

V O L . 1. 

1 xxxvni . ; Tab. xxi . fig. 89, l , V. 
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canal , t he bone so ca l led b e i n g ossified c o n t i n u o u s l y , as a process, 
f r o m the m a x i l l a r y . T h e p remax i l l a r i e s , figs. 90 , 9 1 , 22, c los ing the 
a rch a n t e r i o r l y , are v e r y smal l i n a l l Chelonia, a n d the sutures 
m a r k i n g t h e m o f f f r o m the max i l l a r i e s are w a n t i n g i n some 
M u d - t u r t l e s (Tetronyx longicollis, F i t z . Trionyx Bibroni):1 the 
p r e m a x i l l a r y p a r t o f the f a c i a l p r o f i l e is v e r t i c a l i n m a n y Chelonia, 
as i n fig. 9 1 : b u t i n Tetronyx i t extends f r o m t h e n o s t r i l d o w n 
w a r d and b a c k w a r d — t h e reverse o f p rogna th i sm. 

T h e p t e r y g o i d , fig. 90 , M, d iverges f r o m the vomer and pala
t i n e , or f r o m the pa la t ine and m a x i l l a r y , fig. 9 8 B , b a c k w a r d and 
o u t w a r d : u n i t i n g , i n Chelone, w i t h i t s f e l l o w b e l o w the basi
sphenoid, fig. 90 , 5, and d i v e r g i n g o u t w a r d and b a c k w a r d to abut , 
a t a, against the t y m p a n i c , 28. I n some S o f t - t u r t l e s , e.g., Trionyx 
( Gymnopus) indicus, t he vomer is d i r e c t l y c o n t i n u e d f r o m the basi-
pre-sphenoid , and divides the p t e rygo ids f r o m each other. 

A second outer bar o f bone, fixing the m a x i l l a r y a rch to the 
t y m p a n i c , is present i n a l l Chelonia, and d i v i d e d i n t o t w o pieces. 
T h e p r o x i m a l piece, fig. 9 1 , 26, is a r t i c u l a t e d w i t h the m a x i l l a r y , 
21, enters i n t o the l o w e r and back p a r t o f the o r b i t a l border , uni tes 
supe r io r ly w i t h the p o s t f r o n t a l , 12, and pos t e r io r ly w i t h the second 
piece, 27. T o the bone, 26, the t e r m ' m a l a r ' is g i v e n ; to the 
bone, 27, the name ' squamosal. ' T h e l a t t e r , r e sembl ing a v e r t i c a l 
scale or p la te , ar t icula tes above w i t h t h e p o s t f r o n t a l , 12, and 
mas to id , 8; and b e h i n d w i t h the t y m p a n i c , 28. I t completes the 
a rch cal led ' zygomat ic , ' b o u n d i n g e x t e r n a l l y the t e m p o r a l fossa, 
w h i c h is roo fed over b y bone i n the T u r t l e s ( f ig s . 89 and 9 1 ) , and 
a f e w E m y d s ; b u t is w i d e l y open above i n o ther Chelonia. 

T h e t y m p a n i c pedicle is a s ingle bone, fig. 91 ,28 , expanded above, 
w i t h a more or less c i r cu l a r border f o r the i n s e r t i o n o f t h e m e m -
brana t y m p a n i ; excavated i n t e r n a l l y b y the t y m p a n i c a i r - c e l l s ; 
no tched b e h i n d f o r the recep t ion o f the co lume l l a r stapes, as i n 
the T u r t l e s , fig. 9 1 ; w i t h a n a r r o w e r c l e f t i n Tetronyx, and w i t h 
the borders u n i t i n g i n the Tortoises and some o ther Chelonia, 
r e d u c i n g the stapedial passage t o a f o r a m e n or canal , fig. 92 , 28. 
T h e l o w e r end o f the t y m p a n i c supports a t ransverse ly ex tended 
condyle w i t h an u n d u l a t e d or nea r ly flattened surface. T h e t y m 
panic ar t icula tes above w i t h the pa rocc ip i t a l , fig. 89 , 4, i n some 
species w i t h the a l isphenoid , i n others w i t h the superocc ip i t a l , as 
w e l l as w i t h the mas to id , i b . and fig. 9 1 , 8. 

T h e m a n d i b l e consists o f an ' a r t i c u l a r ' e lement , sma l l , b u t d i s 
t i n c t i n the T u r t l e , fig. 9 1 , so; connate i n Emys w i t h the ' su ran-

1 XLIV. No. 954, p. 185. 
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gu l a r , ' fig. 92 , 29 ; o f an ' a n g u l a r ' con t inued i n t o a ' splenial , ' i b . 30; 
o f a e co rono id , ' i b . 29 ' ; and o f a ' den ta ry , ' i b . 32. A l l Chelonia 
are eden tu lous : the a lveolar borders o f b o t h uppe r and l o w e r 
j a w s are sheathed w i t h h o r n : b u t i n a f e w species, especially the 
so f t t u r t l e s ( Trionyx, Tetronyx) these borders are no tched or p r o 
duced i n t o t o o t h - l i k e processes. T h e den t a ry elements coalesce 
at t he s y m p h y s i s ; w h i c h , i n the Snappers, especial ly Chelydra 
(Chelonura) Temminckii, is p roduced i n t o a sharp hook. 

T h e h y o i d a rch consists o f a bas ihya l , fig. 92 , 41, a pa i r o f shor t 

92 

processes, i b . e, g i v i n g a t t a chmen t t o t h e gen io - and hyo-g loss i 
musc le s : o f a p a i r o f l o n g cera tohyals , 40, b y w h i c h the a rch is 
suspended to the mastoids ; a n d o f a pa i r o f hyobranch ia l s , 47. T o 
complete the series o f sku l l -bones homologous w i t h those o f t h e 
fish, represented i n fig. 8 1 , i t is necessary t o b r i n g f o r w a r d the 
scapular a rch w h i c h had receded a sho r t dis tance f r o m i t s v e r t e b r a 
i n the Batrachia, fig. 4 2 , 52, f r o m a m o r e r emote pos i t i on i n the 
Chelonia: w e t h e n find t h a t 51, fig. 9 2 , answers to the scapula, 
fig. 8 1 , 5 1 ; and t h a t 52, fig. 92 , answers t o the coracoid , fig. 8 1 , 52 : 
t h e d i v e r g i n g series o f m a n y - j o i n t e d rays i n the fish, fig. 8 1 , are 
n o w deve loped i n t o the f o r e - l i m b , fig. 92 , 53 — 58. 

K 2 
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I n th i s figure the several bones o f the head o f the E u r o p e a n 
B o x - t e r r a p e n e {Emys Europcea, W g l . ) are represented, d i s a r t i 
cu la ted , i n a side v i e w o f t h e i r v e r t e b r a l re la t ions . B e n e a t h the 
R o m a n figure, I , are the c e n t r u m , 1. neurapophys is , 2, neu ra l 
spine, 3, and parapophysis 4, f o r m i n g the n e u r a l (epencephal ic) 
a r c h ; w i t h the p leurapophysis , 51, and haemapophysis, 52, f o r m i n g 
the haemal ( scapular ) a rch , w i t h i t s appendage, o f the occ ip i t a l 
ve r t eb ra . B e n e a t h n are the c e n t r u m , 5, the neurapophysis , 
6, the n e u r a l spine, 7, the parapophysis , 8, f o r m i n g the neu ra l 
(mesencephal ic) a rch : f r o m 8 is suspended b y an unossif ied 
p leurapophysis the haemapophysis, 40, the haemal spine, 41, w i t h 
the appendage, 47, o f the haemal (hyo idean ) a rch o f the par ie ta l 
ve r tebra . U n d e r i n are the neurapophysis , 10, n e u r a l spine, n , 
and parapophysis , 12, f o r m i n g the n e u r a l (prosencephal ic) a r c h ; 
w i t h the p leurapophysis , 28, and composite haemapophysis, 29 — 32, 
f o r m i n g the haemal ( m a n d i b u l a r ) a rch o f the f r o n t a l ver tebra , o f 
w h i c h the c e n t r u m is n o t an independen t ossif icat ion. Benea th 
i v are, t he c e n t r u m , 13, the connate neurapophyses and neu ra l 
spines, 14, f o r m i n g the n e u r a l ( rh inencepha l i c ) a r c h ; w i t h the 
p leurapophys is , 20, haemapophysis, 21, and haemal spine, 22, 
f o r m i n g the haemal ( m a x i l l a r y ) a rch o f the nasal ver tebra . T h e 
d i v e r g i n g appendages, f o r the fixation o f t h i s haemal a rch are 
more developed t h a n i n Fishes , w h e r e i t re ta ins more o f i t s 
t y p i c a l m o b i l i t y . Besides the appendage, 24, o f the p leu rapo
physis , there is n o w another , e x t e n d i n g i n t w o successive 
segments, 26 and 27, f r o m the haemapophysis. T h e splanchnic 
ossicle, 16', is p a r t o f the acoustic o r g a n : the c i rc le o f bones, 17, 
be long to the v i sua l organ. Such are the (general homologies ' 
o f the bones o f the chelonian head, i n reference t o the ve r t eb ra t e 
archetype , fig. 2 1 . Compared w i t h bones o f the piscine head, 
fig. 8 1 , p r e v i o u s l y named and character ised, those o f fig. 92 are : — 

1. Bas iocc ip i ta l . 
2. E x o c c i p i t a l . 
3. Superocc ip i ta l . 
4. Pa rocc ip i t a l . 
5. Basisphenoid. 
6. A l i s p h e n o i d . 
7. P a r i e t a l . 
8. M a s t o i d . 
9. P respheno id (unoss i f ied) . 

10. Orb i to spheno id ( i n grea t p a r t c a r t i l ag inous ) . 
11. F r o n t a l . 
12. P o s t f r o n t a l . 
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13. V o m e r . 

14. P r e f r o n t a l ( w i t h , 15, nasal, d i s t inc t i n some Chelonia). 
16. ( P e t r o s a l , unossif ied f r o m an independent c e n t r e ) ; 16', a 

superadded ossicle, ' stapes,' c o l u m e l l a ' ; w i t h a g r i s t l y represen
t a t i v e o f ' m a l l e u s ; ' i n special r e l a t ion to an organ o f hea r ing affected 
b y v ib ra t i ons o f a i r : superadded to a l l the bones developed i n and 
f r o m the e m b r y o n i c haemal a rch cal led ' Mecke l ' s process.' 

17. Sclerotals . 
19. T u r b i n a l (unoss i f ied) . 
20. Pa l a t i ne . 
21. M a x i l l a r y . 
22. P r e m a x i l l a r y . 
24. P t e r y g o i d , w i t h ossif icat ion e x t e n d i n g i n t o the seat o f 23, 

e n t o - p t e r y g o i d . 
26. M a l a r ( n o t answer ing to the bone so n u m b e r e d i n fig. 8 1 ) . 
27. Squamosal ( i b . these bones do n o t ex i s t i n F i shes ) . 
28. T y m p a n i c (here a s ingle b o n e ; i t s subdivis ions are 25—28 

i n fig. 81 ) . 
29. A r t i c u l a r w i t h Surangu la r . 
29' Co rona l . 
30. A n g u l a r w i t h Sp len ia l . 
32. D e n t a r y . 
40. Ce ra tohya l . 
41. B a s i h y a l . 
47. Cera to -branch ia l , (o r ' t h y r o h y a l ' i n reference to the 

l a r y n x o f a i r -breathers , a n e w developement u p o n the vest ige 
o f t he b r anch i a l apparatus o f fishes). 

50. Suprascapula (unoss i f ied) . 
51. Scapula. 
52. Coracoid . 
52'. A c r o m i a l process o f scapula. 
53. H u m e r u s ( r a r e l y a separate ossif icat ion i n F i shes ) . 
54. U l n a . 
55. Rad ius . 
56. Carpus . 
57, 58. D i g i t a l rays . 
T h e c h i e f dif ferences i n r e g a r d to the presence and absence o f 

bones be tween the T o r t o i s e and the F i s h are seen i n those 
b e l o n g i n g to the ca tegory o f e d i v e r g i n g appendages : ' t hus the 
' branchiostegals , '43, and ' ope rcu la r s , ' 34 — 37, fig. 8 1 , are sup
pressed i n the R e p t i l e ; w h i l e the ' malar , ' 26, a n d squamosal , 
27, are n o t developed i n the fish. Some m i n o r , b u t i n t e r e s t i n g , 
mod i f i ca t ions o f c ran ia l s t r u c t u r e present themselves w i t h i n the 



134 ANATOMY OF VERTEBRATES. 

l i m i t s o f the Che lon ian order . F i g s . 90 and 91 e x e m p l i f y t h a t 
w h i c h prevai ls i n the mar ine species ( Chelone). I n t h e m the head 
is p r o p o r t i o n a l l y l a rger ; and, b e i n g incapable o f r e t r a c t i o n w i t h i n 
the carapace, is a d d i t i o n a l l y p ro tec ted b y ex tens ion o f bone i n t o 
the fascia cove r ing the t e m p o r a l muscles , so as t o f o r m a complete 
osseus v a u l t e d r o o f over the t e m p o r a l fossae, due t o exogenous 
g r o w t h s f r o m the pos t f ron ta l s , fig. 9 1 , 12, the par ie ta ls , 7, and the 
mastoids, 8. 

I n the a lmost sole instance i n w h i c h such accessory defence is 
a f fo rded to a non-mar ine species—the B r a z i l i a n P i p i t u (Podo-
cnemis expansa) — the t e m p o r a l r o o f is c h i e f l y f o r m e d b y the 
parietals , and is comple ted l a t e r a l l y b y a l a rge r p r o p o r t i o n o f the 
squamosal t h a n o f the p o s t f r o n t a l , w h i c h does n o t exceed i t s 
r e l a t ive size i n o ther Terrapenes. T h e present species f u r t h e r 
d i f fe rs f r o m the mar ine T u r t l e s i n the non-oss i f ica t ion o f the 
vomer and the consequent absence o f a s ep tum i n the poster ior 
nos t r i l s ; i n the greater b read th o f the p t e rygo ids , w h i c h send 
o u t a compressed r o u n d e d process i n t o the t e m p o r a l depressions : 
the o rb i t s also are m u c h smaller , and are bounded b e h i n d b y 
o r b i t a l processes o f the p o s t f r o n t a l and mala r bones : t he mastoids 
and paroccipi ta ls are more p roduced b a c k w a r d , and the en t i re 
s k u l l is more depressed t h a n i n the T u r t l e s . I n o ther f r e shwa te r 
Tortoises (Emys, & c ) , the pa r i e t a l c r i s ta is c o n t i n u e d i n t o the 
occ ip i t a l one w i t h o u t b e i n g ex tended over the t e m p o r a l fossae; 
the fascia cove r ing the muscu la r masses i n these fossae u n d e r g o i n g 
no ossif icat ion. T h e b o n y hoop f o r the membrana t y m p a n i is 
incomple te beh ind , and the c o l u m e l l i f o r m stapes passes t h r o u g h a 
no t ch instead o f a f o r a m e n to a t t a in the t y m p a n i c membrane . 
T h e masto id is excavated to f o r m a t y m p a n i c a i r - ce l l . 

I n the t r u e Tortoises the t empora l depressions are exposed, as i n 
the Te r rapenes : the head is p r o p o r t i o n a l l y sma l l a n d can be 
w i t h d r a w n beneath the p ro tec t ive r o o f o f the carapace. T h e s k u l l 
is rounder and less depressed t h a n i n the Terrapenes . T h e 
t y m p a n i c hoop is no tched beh ind , b u t the c o l u m e l l i f o r m stapes 
passes t h r o u g h a sma l l f o r amen . T h e pa la t ine processes o f the 
max i l l a r i e s are o n a plane m u c h be low t h a t o f the c o n t i n u a t i o n o f 
the basis c r a n i i f o r m e d b y the v o m e r and palat ines. 

I n the so f t - t u r t l e s (Trionicidce), t he s k u l l is l o n g , depressed, 
t r i a n g u l a r , the muzz le f o r m i n g the obtuse apex, and the base 
remarkab le f o r i t s f o u r b a c k w a r d pro longa t ions . T h e i n f e r i o r o f 
these is the shortest , and te rmina tes i n the occ ip i t a l c o n d y l e ; the 
super ior is the longest , and is f o r m e d b y the superocc ip i t a l s p i n e : 
the t w o la te ra l processes are developed f r o m the parocc ip i ta l s and 
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mastoids. T h e p r e m a x i l l a r y is e i ther w a n t i n g , or i t is v e r y smal l , 
and represented b y i t s a lveolar border o n l y ; the max i l l a r i e s 
m e e t i n g above i t . T h e alveolar borders o f b o t h uppe r and l o w e r 
j a w s show a r e g u l a r series o f vascular p i ts or fo ramina , i nd i ca 
t i v e o f the p r i m i t i v e separate matr ices , l i k e those o f t ee th , w h i c h 
l a i d the f o u n d a t i o n i n the y o u n g an imal o f the cont inuous h o r n y 
cover ings o f the j a w s . 

T e m m i n c k ' s Snapper ( Chelonura Temminckii) is r emarkab le f o r 
t h e u p p e r c o n v e x i t y and enormous expanse o f the c r a n i u m , c h i e f l y 
due to the t e m p o r a l fossa?, contras ted w i t h the shor t and n a r r o w 
face. I n a foss i l chelonian f r o m the P o r t l a n d stone ( Ch. planiceps) 
a n d i n another f r o m the C h a l k ( C h . pulchriceps) the nasals were 
d i s t i n c t f r o m the p re f ron t a l s , w h i c h is a rare excep t ion i n e x i s t i n g 
species. 

Side view of cranial vertebras and sense-capsules, Crocodile 

§ 32 . Skull of Crocodilia.—Passing n e x t t o the s k u l l o f the 
Crocod i l e , w e find the first d i f ference i n the less complex c o n d i t i o n 
o f t he epencephalic a rch , fig. 93 , N 1, w h i c h consists o f f o u r , ins tead 
of , as i n the F i s h a n d T u r t l e , s ix bones. T h e bas iocc ip i ta l , figs. 93 
and 94 , l , presents, l i k e the cen t rums o f the t r u n k , a c o n v e x i t y a t 
i t s poster ior a r t i c u l a r s u r f a c e ; b u t i t s an te r io r one, l i k e the h i n d 
mos t c e n t r u m o f t h e sacrum, un i t e s w i t h the n e x t c e n t r u m i n ad
vance, i b . 5, b y a flat r o u g h s u t u r a l surface. L i k e mos t o f the cen
t r u m s i n the neck a n d b e g i n n i n g o f the back , t h a t o f the occ ipu t 
developes a hypapophys i s , b u t t h i s descending process is longer and 
l a rge r . T h e exoccipi ta ls , i b . 2, a r t i c u l a t e s u t u r a l l y , l i k e the neu r 
apophyses o f the t r u n k , w i t h t h e u p p e r a n d l a t e r a l par t s o f t h e i r 
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c e n t r u m ; are concave mes ia l ly , fig. 94 , 2, towards the bra in-segment 
w h i c h t h e y pro tec t , m e e t i n g above it- t o suppor t the n e u r a l spine, 3 ; 
t h e y develope a pet rosal p la te , w h i c h meets a cor responding one 
f r o m the a l i spheno id ; t h e y g ive e x i t t o the vaga l and h y p o 
glossal nerves, and send o u t w a r d a s t rong process, fig. 93, 4, 
w h i c h ar t icula tes w i t h the mas to id and t y m p a n i c . T h e anter ior 
and inne r p a r t o f the base o f this process is excavated b y pa r t 
o f the acoustic c a v i t y : i t s ou te r e x t r e m i t y is r o u g h f o r the a t tach
m e n t o f muscles : i t t hus repeats the essential characters o f the ' par
occ ip i t a l ' i n the F i s h and T u r t l e ; b u t i t is ossif ied, as an exogenous 
transverse process, f r o m the neurapophys is ( exocc ip i t a l , 2). T h e 
superoccip i ta l , figs. 93 and 94 , 3, is b road and flat, l i k e the 
s i m i l a r l y detached neu ra l spine o f the a t l a s ; i t advances a l i t t l e 
f o r w a r d , b e y o n d i t s sus ta in ing neurapophyses, t o p ro tec t the upper 
surface o f the c e r e b e l l u m ; i t is t r aversed b y t y m p a n i c air-cells , 
and assists w i t h the ex- and par-occip i ta ls , 2, 4, i n the f o r m a t i o n o f 
the ear-chamber. 

P roceed ing w i t h the neu ra l arches o f the Crocodile 's s k u l l , i f w e 
dislocate the segment i n advance o f the occ ipu t , fig." 93 , N 2, w e 
b r i n g a w a y , i n connect ion w i t h the l o n g base-bone, 5, the bone, 9. 
T h e t w o connate c ran ia l cen t rums m u s t be a r t i f i c i a l l y d i v i d e d , i n 
order t o ob ta in the segments d i s t i nc t t o w h i c h t h e y be long . T h e 
h i n d e r p o r t i o n , 5, o f the grea t base-bone, w h i c h is the c e n t r u m o f 
the par ie ta l ve r t eb ra , is t he basisphenoid. I t supports t h a t p a r t 
o f the ' mesencephalon/ w h i c h is f o r m e d b y the lobe o f the t h i r d 
v e n t r i c l e , and i t s uppe r surface is excavated f o r the p i t u i t a r y 
p ro longa t ion o f t h a t c a v i t y . T h e basisphenoid developes f r o m i t s 
unde r surface a ( hypapophys is , ' w h i c h is s u t u r a l l y u n i t e d w i t h the 
f o r e p a r t o f t ha t o f the basioccipi ta l , b u t extends f u r t h e r d o w n , and is 
s i m i l a r l y u n i t e d i n f r o n t to the ' p t e rygo ids , ' fig. 94,24. These r o u g h 
s u t u r a l surfaces o f the l o n g descending process o f the basisphenoid 
are v e r y characteris t ic o f t ha t c e n t r u m , w h e n detached, i n a foss i l 
state. T h e neurapophyses o f the pa r i e t a l ve r t eb ra , 6, 6, the a l i 
sphenoids, p ro tec t the sides o f the mesencephalon, and are no tched 
at t he i r an te r io r m a r g i n , f o r a con juga t iona l f o r a m e n t r a n s m i t t i n g 
the t r i g e m i n a l nerve . A s accessory f u n c t i o n s t hey c o n t r i b u t e , l i k e 
the cor responding bones i n fishes, to the f o r m a t i o n o f the ear-
chamber. T h e y have, however , a l i t t l e r e t rog raded i n pos i t i on , 
r e s t i n g be low i n p a r t u p o n the occ ip i t a l c e n t r u m , a n d s u p p o r t i n g 
more o f the spine o f t h a t segment, 3, t h a n o f t h e i r o w n , 7. T h e 
spine o f the pa r i e t a l ve r t eb ra (pa r i e t a l , figs. 93 , 94 , 95 , 7), is a s ing le , 
depressed bone, l i k e t h a t o f the occ ip i t a l v e r t e b r a ; i t completes 
the mesencephalic a rch , as i t s c r o w n or k e y - b o n e ; i t is p a r t i a l l y 
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excavated b y the t y m p a n i c a i r -cel ls , and overlaps the superoccipi ta l . 
T h e bones, i b . 8, 8, wedged be tween 6 and 7, are developed f r o m 
independent centres, and preserve t h e i r i n d i v i d u a l i t y , as i n Fishes . 
T h e y f o r m no p a r t o f the i nne r wa l l s o f the c r a n i u m , b u t are 
p a r t i a l l y excavated b y the t y m p a n i c c a v i t y , and send o u t w a r d and 
b a c k w a r d a s t rong transverse process f o r muscula r a t tachment . 
T h e y a f f o r d a l igamentous a t tachment to the haemal ( h y o i d , f i g . 
93 , H 2, 40) a rch o f t he i r o w n segment, and a r t i cu la te l a r g e l y w i t h 
the pleurapophyses , ( t y m p a n i c , i b . 28), o f the antecedent haemal 
a rch , whose more b a c k w a r d displacement , i n comparison w i t h i t s 
pos i t i on i n the fish's s k u l l , is w e l l i l l u s t r a t e d i n the metamorphosis 
o f the F r o g , figs. 69 A and 7 1 . 

O n r e m o v i n g the neu ra l a rch o f the pa r i e t a l ve r t eb ra , a f t e r the 
section o f i t s con f luen t c e n t r u m , the elements o f the cor responding 
a rch o f the f r o n t a l ve r t eb ra , fig. 93 , N I I I , are seen to present the 
same ar rangement . T h e compressed p roduced c e n t r u m (presphe
n o i d , i b . 9) has i t s f o r m m o d i f i e d l i k e t h a t o f the v e r t e b r a l cen t rums 
at the opposite ex t reme o f the body i n m a n y b i rd s . T h e neurapo
physes (orb i tosphenoids , i b . 10) a r t i cu la te w i t h the uppe r p a r t o f 
9 ; t h e y are expanded, and smooth ly excavated o n t he i r i n n e r surface 
to s u p p o r t the sides o f the la rge prosencephalon, s h o w i n g more 
p l a i n l y t h e i r a r che typa l character t h a n i n Chelonia; t hey dismiss 
the op t ic nerves b y a no tch . T h e y show the same tendency to a 
r e t rograde change o f pos i t ion as the n e i g h b o u r i n g neurapophyses, 
6 ; f o r t h o u g h t h e y suppor t a grea ter p r o p o r t i o n o f t h e i r p r o p e r 
spine, 11, t h e y also s u p p o r t p a r t o f the pa r i e t a l spine, 7, and rest , 
i n pa r t , be low u p o n the pa r i e t a l c e n t r u m , 5. T h e n e u r a l spine, 11, 
o f the f r o n t a l v e r t e b r a re ta ins i t s n o r m a l character as a s ingle 
s y m m e t r i c a l bone, l i k e the p a r i e t a l spine w h i c h i t p a r t l y ove r l aps ; 
i t also completes the n e u r a l a rch o f i t s o w n segment, b u t is r e m a r k 
a b l y ex tended f o r w a r d , w h e r e i t is m u c h t h i c k e n e d , and assists i n 
f o r m i n g the cavit ies f o r the eyeba l l s ; i t is t he ' f r o n t a l ' bone. 

I n c o n t e m p l a t i n g i n the s k u l l i t s e l f , or such side v i e w as is 
g i v e n i n fig. 94 , t h e r e l a t i v e pos i t i on o f the f r o n t a l , 11, t o the 
pa r i e t a l , 7, and o f t h i s t o t h e superocc ip i t a l , 3, w h i c h is over lapped 
b y the pa r i e t a l , j u s t as i t s e l f over laps the flattened spine o f the 
atlas, w e g a i n a c o n v i c t i o n w h i c h cannot be shaken b y any 
d i f fe rence i n t h e i r mode o f oss i f ica t ion , b y t h e i r med i an b i p a r t i t i o n , 
o r b y t h e i r ex t reme expans ion i n o ther an imals , t h a t the above-named 
s ing le , med ian , i m b r i c a t e d bones, each c o m p l e t i n g i t s n e u r a l a rch , 
a n d p e r m a n e n t l y d i s t i n c t f r o m t h e p iers o f such ^ r e h x ^ u ^ xepea t 
t h e same e lement i n those successive a r c h e s — i n o ther * w o r d s , 
m u s t be ' h o m o t y p e s , ' or s e r i a l ly homolog<{ijs,v- I n l i k e manner the 
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serial h o m o l o g y o f those piers , cal led cneurapophyses,' v i z . , t he 
lamina? o f the atlas, the exoccip i ta ls , t he al isphenoids, and the 
orbi tosphenoids, is e q u a l l y unmis t akab le . N o r can w e shut o u t o f 
v i e w the same serial r e la t ionsh ip o f the paroccip i ta l s , f i g . 95 , 4, as 
coalesced diapophyses o f the occ ip i t a l ve r t eb ra , w i t h the mastoids, i b . 
8, and the pos t f ron ta l s , 12, as par- or di-apophyses o f t h e i r respective 
vertebra?. A l l s tand o u t f r o m the sides o f the c r a n i u m , as t r a n verse 
processes f o r muscu la r a t t a c h m e n t ; a l l are a l i k e autogenous i n the 
T u r t l e s ; and a l l o f t h e m , i n Fishes , of fe r a r t i c u l a r surfaces f o r the 
r i b s o f t h e i r respect ive vertebra?; a n d these characters are re ta ined 
i n the pos t f ronta ls as w e l l as i n the mastoids o f the Crocodiles . 

T h e f r o n t a l diapophysis , figs. 93 , 95 ,12 , is w e d g e d be tween the 
back p a r t o f the spine, 11, and the neurapophys is , 10; i t s ou t 
w a r d l y p r o j e c t i n g process extends b a c k w a r d , and j o i n s t ha t o f 
the succeeding diapophysis , 8; b u t , n o t w i t h s t a n d i n g the r e t r o -
g rada t ion o f the i n f e r i o r a rch , i t s t i l l a r t icu la tes w i t h p a r t o f i t s 
o w n p leurapophys ia l e lement , 28, w h i c h f o r m s the p r o x i m a l element 
o f t h a t arch. 

T h e r e finally r e m a i n i n the c r a n i u m o f the Crocod i l e , a f t e r the 
successive de tachment o f the f o r e g o i n g arches, the bones t e r m i 
n a t i n g the fo re p a r t o f the s k u l l , N 4, fig. 93 ; b u t , n o t w i t h s t a n d 
i n g the ex t reme degree o f m o d i f i c a t i o n t o w h i c h t h e i r ex t reme 
pos i t ion subjects t h e m , w e can s t i l l t race i n t h e i r a r rangement 
a correspondence w i t h the ve r tebra te t y p e . 

A l o n g and slender s y m m e t r i c a l g rooved bone, fig. 93 , 13, is con
t i n u e d f o r w a r d f r o m the coalesced p t e rygo ids , 24, and stands i n the 
r e l a t i on o f a c e n t r u m to the v e r t i c a l plates o f bone, 14, w h i c h expand 
as t h e y rise i n t o a b road , t h i c k , t r i a n g u l a r p la te , w i t h an exposed 
ho r i zon ta l super ior surface. These bones, the p r e f r o n t a l s 14, s tand 
i n the r e l a t i o n o f neurapophyses to t h e rh inencepha l i c p r o l o n g a 
t ions o f the b r a i n c o m m o n l y ca l led (olfactory n e r v e s ; ' a n d t h e y 
f o r m the piers or haunches o f a n e u r a l a rch , w h i c h is comple ted 
above b y a pa i r o f s y m m e t r i c a l bones, 15, ca l l ed c nasals,' w h i c h I 
r e g a r d as a d i v i d e d or b i f i d n e u r a l s p i n e ; the independen t basal 
ossif icat ion, answer ing to the vomer i n Fishes , figs. 8 1 , 8 4 , 13, and 
Chelonians fig. 98 B , n, is i n advance o f i t s p roper segment , a n d 
d i v i d e d i n the m i d d l e l i n e as i n G a n o i d Fishes a n d B a t r a c h i a . I n 
some A l l i g a t o r s (All. niger) t he d i v i d e d vomer extends f a r f o r 
w a r d , expands a n t e r i o r l y , and appears u p o n the b o n y palate . 

A l m o s t a l l the o ther bones o f the head o f the Crocod i l e are 
ad jus ted so as to cons t i tu te f o u r i n v e r t e d arches. These are t h e 
ha?mal arches o f the f o u r segments or vertebra?, o f w h i c h the 
n e u r a l arches have been j u s t described. B u t t h e y have been the 
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seat o f m u c h grea ter modi f ica t ions , b y w h i c h t h e y are made sub
serv ien t t o a v a r i e t y o f f u n c t i o n s u n k n o w n i n the haemal arches o f 
the rest o f the body . T h u s the t w o an te r io r haemal arches o f the 
head p e r f o r m the off ice o f seizing and b r u i s i n g the f o o d ; are 
a r m e d f o r t h a t purpose w i t h t ee th : and, w h i l s t one a rch is firmly 
fixed, t he o ther w o r k s u p o n i t l i k e the hammer u p o n the a n v i l . 
T h e elements o f the fixed arch, ca l led i m a x i l l a r y arch, ' fig. 93, H , 
i v , have acco rd ing ly undergone the greatest a m o u n t o f change, i n 
o rder t o adapt t h a t a rch to i t s share i n mas t ica t ion , as w e l l as f o r 
f o r m i n g p a r t o f the passage f o r the r e sp i r a to ry m e d i u m w h i c h 
traverses i t . A l m o s t the w h o l e o f the u p p e r surface o f the m a x 
i l l a r y a rch is firmly u n i t e d to cont iguous par ts o f the s k u l l b y 
r o u g h or s u t u r a l surfaces, and i t s s t r e n g t h is increased b y b o n y 

Section of cranium, Crocodile 

appendages, w h i c h d ive rge f r o m i t t o a b u t against o ther par ts o f 
the s k u l l . C o m p a r a t i v e A n a t o m y teaches t h a t , o f the numerous 
places o f a t t achment , the one w h i c h connects t h e m a x i l l a r y a rch b y 
i t s e lement , 20, w i t h the c e n t r u m , 13, and w i t h the descending plates 
o f the neurapophyses, 14, o f the nasal segment , is the n o r m a l or 
the most constant p o i n t o f i t s suspension; the bone, 20, b e i n g the 
p l eu rapophys ia l e lement o f the m a x i l l a r y a r c h : i t is ca l led the 
1 pa la t ine , ' because the u n d e r surface f o r m s a p o r t i o n o f the b o n y 
r o o f o f the m o u t h , ca l led the ' p a l a t e , ' as i n fig. 98 c, 20. I t is 
a r t i c u l a t e d a t i t s f o r e p a r t w i t h the bone, 21, w h i c h is the haema-
pophys i a l e lement o f the arch . T h i s bone is ca l led the e m a x i l 
l a r y , ' and is g r e a t l y deve loped b o t h i n l e n g t h a n d b r e a d t h , fig. 
95 , 21 : i t is connected w i t h 20, figs. 94 , 98 c, b e h i n d and 
w i t h 22 i n f r o n t , w h i c h are par ts o f the same a rch , and w i t h 
the d i v e r g i n g appendages o f the a rch , v i z . , fig. 95 , 26, the ma la r 
bone, a n d fig. 98 c, 25, t h e e c t o p t e r y g o i d : the m a x i l l a r y is also 
u n i t e d w i t h the nasals, 15, and the l a c r y m a l , 73, as w e l l as 
w i t h i t s f e l l o w o f the opposi te side. T h e smooth , expanded 



140 ANATOMY OF VERTEBRATES. 

ho r i zon ta l p la te , w h i c h effects the l a t t e r j u n c t i o n , is cal led 
the pa la ta l pla te o f the m a x i l l a r y , fig. 98 c, 2 1 ; the t h i ckened 
ex te rna l border , where th i s p la te meets the e x t e r n a l r o u g h surface 
o f the bone, and w h i c h is p e r f o r a t e d f o r the l o d g m e n t o f the 
t ee th , is the ' a lveolar border . ' T h e haemal spine or key-bone o f 
the arch , 22, is b i f i d , and the a rch is comple ted b y the symphys ia l 
j u n c t i o n o f the t w o s y m m e t r i c a l h a l v e s ; these halves are cal led 
' p r e m a x i l l a r y b o n e s : ' these bones, l i k e the max i l l a r i e s , have a 
r o u g h f ac i a l p la te , fig. 95 , 22, and a smooth pa la ta l p la te , fig. 98 c, 
22, w i t h the connec t ing alveolar border . T h e med ian symphysis 
is pe r fo ra ted v e r t i c a l l y t h r o u g h b o t h p l a t e s ; the outer or upper 
hole be ing the ex te rna l n o s t r i l , fig. 95 , 22, the unde r or palatal 
one b e i n g the p r e m a x i l l a r y aper tu re , fig. 98 C, p. 

B o t h the pala t ine and the m a x i l l a r y bones send o u t w a r d and 
b a c k w a r d parts or processes w h i c h d ive rge f r o m the l i n e o f the 
haemal a rch , and g ive a t t achment to d i s t i n c t bones, w h i c h f o r m 
the ' d i v e r g i n g appendages ' o f the arch , and serve t o a t tach i t , as 
do the d i v e r g i n g appendages o f the thorac ic haemal arches i n the 
b i r d , to the succeeding arch. 

T h e appendage, 24, ca l led ( p t e r y g o i d , ' effects a more extensive 
a t tachment , and is p e c u l i a r l y developed i n the Crocod i l i a . A s i t 
extends b a c k w a r d i t expands, un i tes w i t h i t s f e l l o w b o t h be low 
and above the nasal canal, encompassing i t so as to f o r m the h inder 
or pa la ta l n o s t r i l , fig. 98 C, n; the coalesced p t e rygo ids a r t i cu la te 
a n t e r i o r l y w i t h the d i v i d e d vomer , the palat ines, and the basi-
p re - spheno id : pos t e r io r ly each b road w i n g , e x t e n d i n g o u t w a r d , 
gives a t tachment to a second bone, i b . 25, ca l led ' e c top te rygo id , ' 
w h i c h is firmly connected w i t h the m a x i l l a r y , 21, the ma la r , 26, 
and the p o s t f r o n t a l , 12. T h e second d i v e r g i n g r a y o f t h e m a x i l 
l a r y a rch is o f g rea t s t r e n g t h ; i t extends f r o m the m a x i l l a r y , fig. 95 , 
21, to the t y m p a n i c , 28, and is d i v i d e d i n t o t w o pieces, t he mala r , 
26, and the squamosal, 27; b o t h o f w h i c h b e g i n t o assume more 
l eng thened and slender p ropor t ions t h a n i n the T u r t l e (compare 
fig. 95 w i t h 91) . Such are the c h i e f C r o c o d i l i a n mod i f i ca t ions o f 
the haemal a rch and appendages o f the an te r io r or nasal ve r t eb ra 
o f the s k u l l . 

T h e haemal a rch o f the f r o n t a l ve r t eb ra , fig. 92 , H , i i i , is 
somewhat less metamorphosed, and has no d i v e r g i n g appendage. 
I t is s l i g h t l y displaced b a c k w a r d , and is a r t i c u l a t e d b y o n l y a 
smal l p r o p o r t i o n o f i t s p leurapophys is , 28, t o the parapophysis , 12, 
o f i t s o w n segmen t ; the m a j o r p a r t o f t h a t shor t a n d s t rong r i b 
a r t i c u l a t i n g w i t h the parapophysis , 8, o f the succeeding segment. 
T h e bone, fig. 95 , 2s, ca l led ' t y m p a n i c , ' because i t serves to suppor t 
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t h e ' d r u m o f the ea r ' i n a i r - b r e a t h i n g ver tebrates , is short , s t rong , 
and i m m o v a b l y wedged , i n the Crocod i l i a , be tween the pa rocc ip i t a l , 
4, mas to id , 8, p o s t f r o n t a l , 12, and squamosal, 27; and the condi t ions 
o f t h i s fixation o f the pleurapophysis are e x e m p l i f i e d i n the grea t 
deve lopement o f t h e haemapophysis ( m a n d i b l e ) , w h i c h is here 
u n u s u a l l y l o n g , supports numerous t ee th , and requi res , the re fo re , 
a firm p o i n t o f suspension, i n the v i o l e n t actions to w h i c h the j a w s 
are p u t i n r e t a i n i n g and ove rcoming the s t ruggles o f a p o w e r f u l 
l i v i n g p r ey . T h e movab le a r t i c u l a t i o n be tween the t y m p a n i c , 28, 
a n d the rest o f the haemal a rch is analogous to t h a t w h i c h w e find 
b e t w e e n the thorac ic p leurapophysis and haemapophysis i n b i rds . 
B u t the haemapophysis o f the m a n d i b u l a r a rch i n the Crocodi les 
is subd iv ided i n t o several pieces, i n order t o combine the greatest 
e las t i c i ty a n d s t r e n g t h w i t h a n o t excessive w e i g h t o f bone. T h e 
d i f f e r e n t pieces o f th i s adap t i ve ly subd iv ided e lement have rece ived 
de f in i t e names. T h a t n u m b e r e d 29, fig. 93 , w h i c h offers the a r t i c u l a r 
concav i ty to the convex condyle o f the t y m p a n i c , 28, is ca l led the 
' a r t i c u l a r ' piece ; t h a t beneath i t , 30, w h i c h developes t h e angle 
o f t he j a w , w h e n th i s projec ts , is t he e angu la r ' p i ece ; the piece 
above, 29, a n d e, fig. 95 , is t he ' s u r a n g u l a r ; ' t h e t h i n , b road , f l a t 
piece, 31, fig. 93 , app l i ed , l i k e a s p l i n t , t o t h e i n n e r side o f the 
o ther par ts o f t h e mand ib l e , is t he ' s p l e n i a l ; ' t he smal l accessory 
ossicle, 3 i ' , is t he (coronoid,' because i t developes the process, so 
ca l led , i n l i z a r d s ; the an te r io r piece, 32, w h i c h supports the t ee th , 
is ca l led the e den ta ry . ' T h e p u r p o r t o f t h i s subd iv i s ion o f the 
l o w e r j a w - b o n e has been w e l l exp la ined b y C o n y b e a r e 1 and 
B u c k l a n d , 2 b y t h e ana logy o f i t s s t r u c t u r e t o t h a t adopted i n 
b i n d i n g toge the r several pa ra l l e l plates o f elastic w o o d or steel t o 
m a k e a crossbow, a n d also i n s e t t i n g toge the r t h i n plates o f steel 
i n the spr ings o f carriages. D r . B u c k l a n d adds — e Those w h o 
have wi tnessed the shock g i v e n t o the head o f a crocodi le b y the act 
o f snapp ing toge the r i t s t h i n l o n g j a w s , m u s t have seen h o w l i ab le 
t o f r a c t u r e the l o w e r j a w w o u l d be, w e r e i t composed o f one bone 
o n l y on each side. ' T h e same reasoning applies t o t h e composi te 
s t r uc tu r e o f the l o n g t y m p a n i c pedic le i n fishes. I n each case the 
s p l i c i n g and . b r ac ing toge the r o f t h i n f l a t bones o f u n e q u a l l e n g t h 
and o f v a r y i n g th ickness , a f fords compensa t ion f o r the weakness 
and r i s k o f f r a c t u r e t h a t w o u l d o the rwise have a t t ended the 
e longa t ion o f t h e par t s . I n the abdomen o f the crocodi le the 
analogous s u b d i v i s i o n o f the haemapophyses, t he re ca l led abdo
m i n a l r i b s , a l lows o f a s l i g h t change o f t h e i r l e n g t h , i n the 
expans ion a n d c o n t r a c t i o n o f the w a l l s o f t h a t c a v i t y ; and since 

1 ' Geol. Trans.' 1821, p. 565. 2 ' Bridgewater Treatise,' 1836, vol. i . p. 176. 
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amphib ious rep t i l e s , w h e n on l a n d , rest the w h o l e w e i g h t o f the 
abdomen d i r e c t l y u p o n the g r o u n d , the necessity o f the m o d i f i 
ca t ion d i m i n i s h i n g l i a b i l i t y t o f r a c t u r e f u r t h e r appears. These 
analogies are i m p o r t a n t , as demons t r a t ing t h a t the genera l homo
l o g y o f the elements o f a n a t u r a l segment o f the skele ton is n o t 
a f fec ted or obscured b y t h e i r subd iv i s ion f o r a special end. 
T h e purpos ive m o d i f i c a t i o n o f the haemapophyses o f the f r o n t a l 
ve r t eb ra is b u t a r e p e t i t i o n o f t h a t w h i c h affects the same 
elements i n the abdomina l vertebrae. 

Pass ing n e x t t o the haemal a rch o f the pa r i e t a l ve r t eb ra , fig. 
93 , H , i i , w e are first s t r u c k b y i t s sma l l r e l a t i ve size. I t s 
r e s t r i c t ed f u n c t i o n s have n o t r e q u i r e d i t t o g r o w i n p r o p o r t i o n 
w i t h the o ther arches, and i t consequent ly re ta ins m u c h o f i t s 
e m b r y o n a l dimensions. I t consists o f a l i gamen tous ' s t y lohya l , ' 
r e t a i n i n g the same p r i m i t i v e h i s to log ica l c o n d i t i o n w h i c h obstructs 
the o r d i n a r y r e c o g n i t i o n o f the p l e u r a l e lement o f the l u m b a r haemal 
arches; o f a ca r t i l ag inous e ep ihya l , ' 39, i n t e r v e n i n g be tween th is 
a n d the ossified haemapophysis, or ce ra tohya l , 40; and o f the haemal 
spine, 4J, w h i c h retains i t s ca r t i l ag inous state, l i k e i t s homotypes , 
i n the a b d o m e n : there t h e y ge t the special name o f (abdominal 
s t e rnum, ' here o f ' b a s i h y a l . ' T h e bas ihya l has, however , coalesced 
w i t h the t h y r o h y a l s to f o r m a b road car t i lag inous p la te , the anter ior 
border r i s i n g l i k e a va lve to close the fauces, and the poster ior 
angles e x t e n d i n g b e y o n d and sus ta in ing the t h y r o i d a n d other 
par ts o f the l a r y n x . T h e l o n g b o n y e c e r a t o h y a l ' a n d the com
m o n l y car t i lag inous c e p i h y a l ' are suspended b y the l igamentous 
' s t y l o h y a l ' t o the back p a r t o f the t y m p a n i c a t i t s j u n c t i o n w i t h 
the parocc ip i ta l process; the w h o l e a r ch h a v i n g , l i k e the m a n 
d i b u l a r one, re t rograded f r o m the connect ion i t presents i n Fishes . 

T h i s r e t rog rada t ion is s t i l l more considerable i n the succeeding 
haemal a rch , fig 92 , H l ; fig. 57 , 51. I n c o m p a r i n g the occ ip i t a l 
segment o f the Crocodile 's ske le ton w i t h t h a t o f the F i s h , fig. 8 1 , 
the c h i e f m o d i f i c a t i o n t h a t dis t inguishes t h a t segment i n the C r o 
codile is the apparent absence o f i t s haemal arch. W e recognise, 
however , the special homologues o f the cons t i tuents o f t h a t a rch 
o f t he Fish ' s skele ton, fig. 3 4 , i n the bones 51 and 52 o f t h e C r o 
codile's skele ton, fig. 57 ; b u t the uppe r or suprascapular piece, 50, 
fig. 92 , re ta ins , i n connect ion w i t h the loss o f i t s p r o x i m a l or c ran ia l 
a r t i cu la t ions , i t s ca r t i l ag inous s ta te : the scapula, 51, is ossif ied, as 
is l i k e w i s e the coracoid, 52, the l o w e r end o f w h i c h is separated 
f r o m i t s f e l l o w b y the i n t e r p o s i t i o n o f a m e d i a n , s y m m e t r i c a l , 
p a r t i a l l y ossified piece ca l led ' ep i s t e rnum. ' T h e p o w e r o f r ecog
n i s i n g the special homologies o f 50, 5 i , and 52 i n t h e Crocod i l e , 
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w i t h t h e s i m i l a r l y n u m b e r e d const i tuents o f the same arch i n 
F i s h e s — t h o u g h masked, n o t o n l y b y modi f ica t ions o f f o r m and 
p r o p o r t i o n , b u t even o f v e r y substance, as i n the case o f 50 — 
depends u p o n t h e c i rcumstance o f these bones c o n s t i t u t i n g t h e 
same essential e lement o f the a r che typa l ske le ton , v i z . t he f o u r t h 
haemal a rch , n u m b e r e d pi, 52, i n fig. 17. F o r a l t h o u g h i n the p r e 
sent instance the re is superadded to the adapt ive modi f ica t ions 
above c i t e d t h e ra re r one o f a l t e red connect ions, C u v i e r does n o t 
hesi tate t o g i v e the same names, ' suprascapula i re ' to 50, and 
' scapula i re ' t o 51, i n b o t h F i s h and C r o c o d i l e ; b u t he d i d n o t per
ceive or a d m i t t h a t the n a r r o w e r re la t ions o f special h o m o l o g y 
w e r e a r e su l t of , and necessari ly i n c l u d e d i n , t h e w i d e r l a w o f 
genera l homology . A c c o r d i n g t o the l a t t e r l a w , w e discern i n fig. 
93,50 and 51, a c o m p o u n d ' p l eu rapophys i s , ' i n 52 a 'haemapophysis, ' 
a n d i n hs, t he 'haemal spine, ' c o m p l e t i n g the haemal a rch . 1 

T h e scapulo-coracoid a rch , b o t h elements , 51, 52, o f w h i c h 
r e t a i n the f o r m o f s t rong and t h i c k v e r t e b r a l and s te rna l r i b s i n 
the Crocod i l e , is app l i ed i n the ske le ton o f t h a t a n i m a l over the 
an te r io r thorac ic haemal arches. V i e w e d as a more robus t haemal 
a rch , i t is o b v i o u s l y o u t o f place i n reference t o the rest o f i t s 
v e r t e b r a l segment. I f w e seek to de te rmine t h a t segment b y t h e 
mode i n w h i c h w e restore t o t h e i r cen t rums the less displaced 
n e u r a l arches o f the antecedent vertebrae o f the c r a n i u m or i n the 
sac rum o f the b i r d , 2 w e proceed t o examine the vertebrae before 
a n d b e h i n d the displaced arch , w i t h the v i e w to discover the one 
w h i c h needs i t , i n order t o be made t y p i c a l l y complete . F i n d i n g 
no c e n t r u m a n d n e u r a l a rch w i t h o u t i t s p leurapophyses f r o m the 

1 The author of No. CLXXI, in criticising this conclusion, omits consideration of 
the cartilaginous element, fig. 93 , 50 : as it exists and required due attention, I 
was led to regard it as the homologue of the ossified element, figs. 81, 85, 50, in 
Fishes, and as being part, one might say, half, of the pleurapophysis. No anatomist has 
impugned such determination of the special homology of the ' lame cartilagineuse 
du bord spinal de l'omoplate ' of the Crocodile, with the ' partie spinal dePomoplate' 
of the Frog, and with the ' os surscapulaire' of the Fish. Now the latter is tbe 
homotype of the proximal half of the compound pleurapophysis of the pelvic arch, 
of which the part called ' i l ium ' answers to the part called ' scapula.' There remains, 
therefore, for Dr. Humphrey's consideration, the serial and general homologies of the 
' suprascapula ; ' in the omission of which lurks the fallacy of his criticism, CLXXI, 
pp. 27,28. The alleged difference of developement, at most one of direction of growth, 
is futile. 

A ' haemal arch ' having been defined as including the ' pleurapophysis ' as well as 
4 hasmapophysis,' by altering the meaning of the term and restricting the ' haemal parts 
of the vertebra to the ' haemapophyses and haemal spine,' Dr. Humphrey makes 
ground for pronouncing the part of the haemal arch, 50 and 51, in figs. 81 and 92, 
as being the haem- not the pleur-apophysis. 

2 See ' O n the Archetype and Homologies of the Vertebrate Skeleton,' pp. 117 
and 159. 
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scapula to the pe lv i s , w e g i v e u p our search i n t h a t d i r e c t i o n ; 
and i n the opposite d i r e c t i o n w e find no ve r t eb ra w i t h o u t i t s r ibs , 
u n t i l w e reach the o c c i p u t ; there w e have c e n t r u m and neu ra l 
a rch , w i t h connate parapophyses, b u t w i t h o u t the haemal a rch , 
w h i c h arch can o n l y be supp l i ed b y a res to ra t ion o f the bones 
50-52 to the place w h i c h t h e y n a t u r a l l y occupy i n the skeleton o f 
the fish. A n d since the bones 50-52 i n the Crocod i l e , fig. 57 , are 
special ly homologous w i t h those so n u m b e r e d i n the F i s h , fig. 34 , 
w e m u s t conclude t h a t t h e y are l i k e w i s e homologous i n a 
h ighe r sense ; t h a t i n the F i s h the scapula-coracoid arch is i n i ts 
n a t u r a l or t y p i c a l pos i t ion , whereas i n the Crocod i l e i t has been 
displaced f o r a special purpose. T h u s , agreeably w i t h a general 
p r i n c i p l e , w e perceive tha t , as the l o w e r ve r tebra te an ima l i l l u s 
t rates the closer adhesion to the a r c h e t y p e 1 b y the n a t u r a l a r t i c u 
l a t i o n o f the scapulo-coracoid a rch to the occ ipu t , so the h igher 
ver tebra te manifes ts the super ior in f luence o f the an tagoniz ing 
power o f adapt ive m o d i f i c a t i o n b y the r e m o v a l o f t h a t a rch f r o m 
i t s proper segment. 

T h e an thropotomis t , b y his mode o f c o u n t i n g and d e f i n i n g the 
dorsal vertebrae and r i b s , admi ts , unconscious ly perhaps, the 
i m p o r t a n t p r i n c i p l e i n genera l h o m o l o g y w h i c h is here e x e m p l i f i e d ; 
and w h i c h , pursued to i t s l eg i t ima t e consequences, and f u r t h e r 
appl ied , demonstrates t h a t the suprascapula and scapula are the 
m o d i f i e d r i b o f t h a t c e n t r u m and neu ra l a rch , w h i c h he calls the 
' occ ip i t a l b o n e ; ' and t h a t the change o f place w h i c h c h i e f l y masks 
t h a t r e l a t i o n ( f o r a v e r y e lementa ry acquaintance w i t h C o m p a r a 
t i v e A n a t o m y shows h o w l i t t l e mere f o r m and p r o p o r t i o n a f fec t 
the homolog ica l characters o f bones), d i f fe r s o n l y i n ex t en t , a n d 
n o t i n k i n d , f r o m the m o d i f i c a t i o n w h i c h makes a m i n o r a m o u n t 
o f compara t ive observat ion requ i s i t e , i n order t o de t e rmine t h e 
r e l a t i o n o f the sh i f t ed dorsal r i b to i t s p roper c e n t r u m i n t h e 
h u m a n skeleton. 

W i t h reference, the re fore , t o the occ ip i t a l v e r t e b r a o f the C r o 
codi le , i f the compara t ive ly we l l -deve loped and p e r m a n e n t l y 
d i s t i nc t r ibs o f a l l the ce rv ica l vertebrae p rove the scapular a rch 
to be long to none o f those segments, 2 and i f t h a t haemal a rch be 
r e q u i r e d to complete the occ ip i t a l segment, w h i c h i t a c t u a l l y does 
complete i n fishes, t h e n the same conc lus ion m u s t a p p l y t o the 
same arch i n o ther animals , u p to m a n h imse l f . 

1 The term ' simple primary form' appears to Dr. Humphrey, CLXXI, p. 34, to 
be more correct than the word ' archetype.' 

2 Close the eyes to the fact of the suprascapular element in the Crocodile, and you 
then may, with Dr. Humphrey, see its representative in one of the cervical pleur
apophyses. Comp. ib. p. 28, and note, p. 144, of the present work. 
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T h e l ocomot ive e x t r e m i t y , fig. 92 , 53-57, is the d i v e r g i n g ap
pendage o f the a rch , unde r one o f i t s numerous modes and grades 
o f deve lopement . 

Coad jus t ed as the above-def ined v e r t e b r a l elements are i n the 
s k u l l o f the Crocod i l e , t h e y compose such a who le as is represented 
i n fig. 95. E a c h t empora l fossa is c i r cumscr ibed e x t e r n a l l y b y 
t w o h o r i z o n t a l b o n y a rches ; the uppe r one f o r m e d b y the post
f r o n t a l , 12, and mas to id , 8; the l o w e r one b y the malar , 26, and 
squamosal , 27: the t y m p a n i c , 28, and masto id , 8, b o u n d the 
fossa b e h i n d : the coar t icu la ted processes f r o m the p o s t f r o n t a l and 
ma la r f o r m a p a r t i a l d i v i s i o n be tween the fossa and the o r b i t i n 

Skull of Crocodile 

f r o n t . T h e o r b i t is c i r c u m s c r i b e d b y these bones, w i t h the f r o n t a l , 
11, p r e f r o n t a l , 14, and l a c r y m a l , b. A supe ro rb i t a l or pa lpebra l 
derm-ossicle s t rengthens t h e uppe r eye l i d . T h e e x t e r n a l n o s t r i l , 
s ingle a n d advanced i n Crocodilia, is su r rounded sometimes, as i n 
Gav ia l s , b y the p r e m a x i l l a r i e s , 22 ; sometimes, as i n fig. 95, a d m i t 
t i n g also the po in t s o f the nasals, 15. T h e i n t e r n a l n o s t r i l opens f a r 
back, beneath t h e occ ipu t , fig. 98 c, n, and is e x c l u s i v e l y su r rounded 
b y the p t e r y g o i d s , 24: i t s p lane is h o r i z o n t a l i n Gav ia l s and some 
A l l i g a t o r s ; b u t is more or less o b l i q u e , l o o k i n g b a c k w a r d , i n 
Crocodi les . B e h i n d a n d above i t are the med ian and l a t e r a l 
E u s t a c h i a n b o n y ou t l e t s , f r o m w h i c h the membranous c o n t i n u a 
t ions o f t h e tubes converge a n d u n i t e i n the s ingle v a l v u l a r aper
t u r e o n the so f t pa la te . 1 T h e vast e x t e n t o f the b o n y r o o f o f the 

1 CLXXII . , pi. x i i . fig. 5. This paper may be referred to for other cranial foramina, 
and for the details of the complex bony structure of the median and lateral 
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m o u t h is i n t e r r u p t e d b y the la rge 1 p t e r y g o m a x i l l a r y ' vacui t ies , 
i b . y, bounded e x t e r n a l l y b y the max i l l a r i e s and ec top te rygo ids : 
at the fo re p a r t is the sma l l e p repa la t ine ' open ing , i b . p. I n the 
Gavia ls each p t e r y g o i d expands a t i t s ou te r and f o r e bo rde r i n t o a 
la rge ova l b u l l a . T h e palatines and max i l l a r i e s are excavated b y 
sinuses c o m m u n i c a t i n g w i t h the nasal passages. T h e f o r m o f the 
m a x i l l o - p r e m a x i l l a r y pala t ine su ture helps b y i t s v a r i a t i o n to the 
d i s t i n c t i o n o f species. 1 T h e an te r io r expanded par ts o f the d i v i d e d 
vomer appear u p o n the b o n y palate i n some A l l i g a t o r s . 2 

T h e ot ic capsule remains i n grea t p a r t c a r t i l a g i n o u s : towards 
the c ran ia l c a v i t y i t is defended b y the t h i n o tocran ia l plates o f 
the a l isphenoid , superocc ip i ta l and pa rocc ip i t a l , w i t h occasionally a 
smal l scale, represen t ing a r u d i m e n t a l pet rosal . T h e eye-capsule 
is n o t defended b y b o n y plates, as i n Chelonia. T h e tu rb ina l s 
r e m a i n car t i laginous . 

T h e c ran ia l c a v i t y is mise rab ly smal l i n these huge cold-blooded 
C a r n i v o r a ; i t s m a i n pa r t , shown i n sect ion, fig. 94 , 2, 6, 10, m a y 
be filled b y a man's t h u m b i n a s k u l l o f th ree f ee t i n l e n g t h . T h e 
proper bra in-chamber is , however , con t i nued a long the groove 
beneath the i n t e r o r b i t a l p l a t f o r m to the second s l i g h t expansion 
be tween the p re f ron ta l s , 14, whe re the rh inencepha l ic ( o l f a c t o r y ) 
lobes send f o r w a r d the t r u e o l f a c t o r y nerves. 

I f the f o r e g o i n g s tatement o f the grounds f o r d e t e r m i n i n g the 
homologies , general and special, o f the skul l -bones o f the Crocodilia 
m a y have seemed tedious or unnecessary, I excuse m y s e l f b y the 
impor tance a t tached to the subject b y C u v i e r , w h o , i n the last 
l ec tu re w h i c h he de l ivered , stated : f I f w e were agreed as to t h e 
Crocodile 's head, w e should be so as to t h a t o f o ther a n i m a l s ; be 
cause the Crocodi le is in te rmedia te be tween mammals , b i rd s , a n d 
fishes.' A d m i t t i n g , w i t h some l a t i t u d e , the reason, a sense o f t h e 
impor tance o f a de t e rmina t ion o f the bones answerable to those 
p rev ious ly def ined i n Che lon ia and Fishes , has i n f l u e n c e d me i n 
the f o r e g o i n g descr ip t ion o f the s k u l l o f the Crocodilia. 

§ 33. Skull of Ophidia.—The s k u l l i n L a c e r t i a n s a n d O p h i 
dians departs f r o m the v e r t e b r a l p a t t e r n b y a grea ter degree o f 
confluence and a m i n o r ex t en t o f neurapophys ia l oss i f ica t ion, 
t h a n i n C r o c o d i l i a : and t h a t o f Serpents manifes ts more s t r o n g l y 
the p r i n c i p l e o f adapt ive developement . 

Eustachian canals in Crocodilia. See also the preparations, XLIV., Nos. 706 727 728 
750, pp. 154—164. 

1 Ib. XLIV., p. 163, where that characteristic of Crocodilus rhombifer is specified 
2 Ib. No. 764, p. 166. 
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I n the P y t h o n , figs. 96 and 97, the basioccipi ta l , l , is subhex-
agonal , broadest a n t e r i o r l y , smooth and concave above, s u t u r a l l y 
r o u g h o n each side, w i t h a r e c u r v e d p o i n t e d hypapophys i s : t he 
h i n d e r face t f o r m s the l o w e r h a l f o f the occ ip i t a l condyle , on each 

side o f w h i c h is a smal l sharp process. T h e bas iocc ip i ta l un i tes 
above w i t h the exocc ip i t a l , 2, and a l i sphenoid , 6; and i n f r o n t 
w i t h the basisphenoid, 5. T h e exoccipi ta ls ( 2 , 2 ) are each p r o 
duced b a c k w a r d i n t o a peduncu la r process s u p p o r t i n g a m o i e t y 
o f t he uppe r h a l f o f the occ ip i t a l condyle : a t the outer side o f 
t h e base o f the peduncle is an obtuse process, f o r m i n g the 
u p p e r p a r t o f the r idge con t inued u p o n the basioccipi ta l . T h e 
ou t e r and fo re p a r t o f t h e exocc ip i t a l expands, and is pe r fo ra t ed 
b y a s l i t f o r the e i g h t h pa i r o f nerves, ar t icula tes be low w i t h 
the bas iocc ip i ta l , is excavated i n f r o n t t o lodge the pet rosal 
ca r t i l age w h e r e i t a r t icu la tes w i t h the a l i sphenoid , and un i tes 
above w i t h t h e superocc ip i t a l , 3. T h i s is o f a sub rhombo ida l 
f o r m , sends a spine f r o m i t s u p p e r a n d h i n d e r surface, expands 
l a t e r a l l y i n t o o b l o n g processes, is no tched a n t e r i o r l y and sends 
d o w n t w o t h i n plates f r o m i t s u n d e r surface, b o u n d i n g on the 
mesia l side t h e surface f o r the c e r e b e l l u m , and b y the ou te r 
side f o r m i n g t h e i n n e r a n d u p p e r par ts o f the acoustic cavi t ies . 
T h e supe rocc ip i t a l a r t i cu la tes b e l o w w i t h the exoccipi ta ls a n d 
al isphenoids , a n d i n f r o n t w i t h the p a r i e t a l , b y w h i c h i t is over 
lapped i n i t s w h o l e ex t en t . T h e o c c i p i t a l ve r t eb ra is as i f i t w e r e 
sheathed i n the expanded pos te r io r o u t l e t o f the pa r i e t a l one, the 
c e n t r u m r e s t i n g on t h e o b l i q u e surface o f t h a t i n f r o n t , and the 
a n t e r i o r base o f the n e u r a l spine e n t e r i n g a c a v i t y i n and b e i n g 
ove r l apped b y t h a t o f t h e p r e c e d i n g n e u r a l s p i n e : the ana logy o f 
t h i s k i n d o f i e m b o i t e m e n t ' o f the o c c i p i t a l i n the p a r i e t a l ve r t eb ra 
w i t h t h e firm i n t e r l o c k i n g o f the o r d i n a r y vertebra? o f the t r u n k is 

L 2 
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v e r y i n t e r e s t i n g : the end ga ined seems t o be , i n g r o v e l l i n g 
rep t i les l i ab le to have the head b ru i sed , an e x t r a p r o t e c t i o n o f 
the epencepha lon—the most i m p o r t a n t segment to l i f e o f a l l the 
p r i m a r y d ivis ions o f the cerebrospinal axis . T h e thickness o f 
i t s i m m e d i a t e l y p r o t e c t i n g w a l l s ( f o r m e d b y the basi- , ex- , and 
super-occipi ta ls) is equa l t o t h a t o f the same v e r t e b r a l elements 
i n the h u m a n s k u l l ; b u t t h e y are moreover composed o f v e r y 
firm and dense tissue t h r o u g h o u t , h a v i n g no d i p l o e : the epen
cephalon also derives a f u r t h e r and e q u a l l y t h i c k b o n y cover ing 
f r o m the basisphenoid and the par ie ta ls , t he l a t t e r b e i n g p a r t l y 
over lapped b y the mastoids, fig. 97 , 8, w h i c h f o r m here a t h i r d layer 
o f the c ran ia l w a l l . 

T h e basisphenoid, fig. 96 , 5, and presphenoid , 9, f o r m a single 

bone, and the c h i e f k e e l o f the c ran ia l supers t ruc tu re . T h e 
poster ior a r t i cu l a r surface looks o b l i q u e l y u p w a r d a n d b a c k w a r d , 
and supports t h a t o f the v e r t e b r a l c e n t r u m b e h i n d , as the pos ter ior 
b a l l o f the o r d i n a r y vertebra? supports the o b l i q u e c u p o f the 
succeeding one : here , however , a l l m o t i o n is abrogated b e t w e e n 
the t w o vertebra?, and the co-adapted surfaces are r o u g h and 
su tu ra l . T h e basisphenoid presents a smooth cerebra l channel 
above f o r the mesencephalon, i n f r o n t o f w h i c h a deep depression 
(se l la) s inks a b r u p t l y i n t o the expanded p a r t o f t h e bone, and 
there b i fu rca t e s , each f o r k f o r m i n g a shor t cul-de-sac i n the sub
stance o f the bone. T h e transverse processes f r o m t h e unde r 
and l a t e r a l surfaces are w e l l m a r k e d , s t rong , b u t shor t , m u c h 
t h i c k e r i n the P y t h o n t h a n i n the B oa . T h e a l isphenoids , 6, f o r m 
the an te r io r h a l f o f the fenes t ra oval is , w h i c h is comple t ed b y 
the exocc ip i t a l s ; a n d i n t h e i r t w o l a rge pe r fo ra t i ons f o r the 
poster ior d iv is ions o f the fifth pa i r o f nerves , as w e l l as i n t h e i r 
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r e l a t i ve size and pos i t ion , the alisphenoids agree w i t h those o f the 
F r o g . E a c h a l i sphenoid is a t h i c k suboval piece, w i t h a t u b e r 
cu la r process on i t s unde r and l a t e ra l p a r t : i t rests u p o n the 
basisphenoid and bas ioccip i ta l , supports the poster ior p a r t o f the 
pa r i e t a l a n d a p o r t i o n o f the masto id , 8, and uni tes a n t e r i o r l y w i t h 
t he descending l a t e r a l p la te o f the pa r i e t a l bone. 

T h e pa r i e t a l , 7, is a la rge and l o n g , s y m m e t r i c a l roof-shaped 
bone, w i t h a med i an l o n g i t u d i n a l crest a long i t s upper surface, 
w h e r e the t w o o r i g i n a l l y d i s t i nc t moiet ies have coalesced. I t is 
na r rowes t pos t e r io r ly , where i t overlaps the superocc ip i ta l , and is 
i t s e l f over lapped b y the m a s t o i d : i t is convex at i t s m i d d l e pa r t on 
each side the sag i t t a l spine, and is con t i nued d o w n w a r d and i n 
w a r d to rest i m m e d i a t e l y u p o n the basisphenoid, 5. T h i s p a r t o f 
the pa r i e t a l seems to be f o r m e d b y an extension o f ossif icat ion 
a long a membranous space, l i k e t h a t w h i c h p e r m a n e n t l y remains 
so i n the F r o g , be tween the a l i sphenoid and o rb i to spheno id : the 
mesencephalon and the c h i e f p a r t o f the cerebral lobes are p ro tec ted 
b y th i s u n u s u a l l y developed spine o f the mesencephalic ver tebra . 
T h e op t ic f o r a m i n a are con juga t i ona l ones, be tween the an te r io r 
border o f the l a t e r a l p la te o f the pa r i e t a l and the poster ior border 
o f the cor responding pla te o f the f r o n t a l . 

T h e f r o n t a l s , n , rest b y descending l a t e ra l plates, r epresen t ing 
connate orbi tosphenoids , u p o n the presphenoidal p ro longa t i on o f 
t h e bas i spheno id : the uppe r surface o f each f r o n t a l is flat, sub-
quadra te , broader t h a n l o n g i n the B o a , and the reverse i n the 
P y t h o n , w h e r e the r o o f o f the o r b i t is c o n t i n u e d o u t w a r d b y a 
detached supe ro rb i t a l b o n e : there is a d i s t i nc t , o v a l , a r t i c u l a r sur
face near the an te r io r med ian angle o f each f r o n t a l t o w h i c h the p r e 
f r o n t a l , 14, is a t tached : t he angle i t s e l f is s l i g h t l y p roduced to f o r m 
t h e a r t i c u l a r process f o r t h e nasal bones. T h e smooth orb i tosphe-
n o i d a l p la te o f the f r o n t a l j o i n s the ou te r m a r g i n o f t he uppe r surface 
o f t he f r o n t a l a t an acute a n g l e ; the i n n e r side o f each f r o n t a l is 
deep ly excavated f o r t h e p r o l o n g a t i o n o f the cerebra l lobes, a n d 
t h e c a v i t y is c o n v e r t e d i n t o a canal b y a m e d i a n v e r t i c a l p la te o f 
bone a t t he i n n e r a n d an t e r io r end o f t he f r o n t a l . T h e f r o n t a l s j o i n 
t he parietals and pos t f ron ta l s b e h i n d , and , b y the connate o r b i t o 
sphenoid plates, t h e p resphenoid b e l o w , t h e p r e f r o n t a l s and nasals 
before , and the superorb i ta l s a t t h e i r l a t e r a l marg ins . T h e o r b i t o -
sphenoidal plates have t h e i r bases ex tended i n w a r d , and mee t b e l o w 
t h e prosencephalon and above t h e presphenoid , as t h e neurapo
physes o f t he atlas mee t each o ther above t h e c e n t r u m . T h e an te r io r 
t h i r d p a r t o f such i n w a r d l y p r o d u c e d base is m e t b y a d o w n w a r d 
p r o d u c t i o n o f the mes ia l m a r g i n o f the f r o n t a l , f o r m i n g a septum 
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be tween the o l f a c t o r y pro longa t ions o f the b r a i n , b u t is n o t con 
fluent w i t h the f r o n t a l s ep tum: the ou te r p o r t i o n o f the orb i tosphe-
no ida l pla te is smooth e x t e r n a l l y , and deeply no tched pos te r io r ly 
f o r the op t ic f o r amen . 

T h e p o s t - f r o n t a l , fig. 97 , 4, is a modera te ly l o n g t r i h e d r a l bone, 
a r t i cu l a t ed b y i t s expanded c ran ia l end to the f r o n t a l and par ie ta l , 
and ben t d o w n to rest u p o n the ou te r and fo re angle o f the ecto-
p t e r y g o i d , 25. I t does n o t reach t h a t bone i n the B o a , no r i n 
poisonous Serpents. I n b o t h the B o a and P y t h o n i t receives the 
an te r io r sharp angle o f the pa r i e t a l i n a n o t c h . 

T h e n a t u r a l segment w h i c h te rmina tes the c r a n i u m a n t e r i o r l y , 
and is f o r m e d b y the vomer ine , p r e f r o n t a l and nasal bones, is v e r y 
d i s t i nc t i n the Ophid ians . 

T h e vomer is d i v i d e d , as i n some gano id Fishes and Bat rach ians , 
b u t is eden tu lous : each h a l f is a l o n g , n a r r o w p la te , smooth and 
convex be low, concave above, w i t h the i n n e r m a r g i n s l i g h t l y 
r a i sed : po in ted a n t e r i o r l y , and w i t h t w o processes and an i n t e r 
v e n i n g n o t c h above the base o f the p o i n t e d end. T h e p re f ron ta l s , 
14, are connate w i t h the l ac rymals . T h e t w o bones w h i c h i n t e r 
vene be tween the vomer ine and nasal bones are the t u r b i n a l s , fig. 
96 , d, t h e y are ben t l o n g i t u d i n a l l y ou twards i n the f o r m o f a 
semicy l inder about the t e r m i n a t i o n o f the o l f a c t o r y nerves. 

T h e spine o f the nasal ve r t eb ra is d i v i d e d s y m m e t r i c a l l y as i n 
the F r o g , f o r m i n g the ' nasal bones, fig. 97 , 15; t h e y are e longated, 
ben t plates, w i t h the shorter uppe r p a r t a r c h i n g o u t w a r d and 
d o w n w a r d , c o m p l e t i n g the o l f a c t o r y canal above ; and w i t h a l onge r 
med ian pla te f o r m i n g a v e r t i c a l w a l l , app l ied closely to i t s f e l l o w , 
except i n f r o n t , whe re the nasal process o f the p r e m a x i l l a r y is 
r ece ived i n the interspace o f the nasals. 

T h e acoustic capsule remains i n g rea t p a r t ca r t i l ag inous : t he re 
is no detached centre o f ossif icat ion i n i t : t o w h a t e v e r e x t e n t t h i s 
capsule is ossified, i t is b y a cont inuous extens ion f r o m the al isphe
no id . T h e l o n g stapes, fig. 97 ,16 , extends f r o m t h e e f enes t ra v e s t i -
b u l i ' to the subcutaneous ea r -d rum at tached to the t y m p a n i c bone, 
28. T h e sclerotic capsule o f the eye is ch i e f ly fibrous, w i t h a t h i n 
i n n e r l ayer o f c a r t i l age ; the o l f ac to ry capsule is i n a g rea t measure 
ossified, as above described. 

Maxillary arch.—The pa la t ine , fig. 96 , 20, or first piece o f t h i s 
a rch is a s t rong , ob long bone, h a v i n g the i n n e r side o f i t s obtuse 
an te r io r end app l i ed to the sides o f the p re f ron t a l s a n d t u r b i n a l s , 
and , near i t s poster ior end, sending a shor t , t h i c k process u p w a r d 
and i n w a r d f o r l igamentous a t t achment t o t h e l a c r y m a l , a n d a 
second s imi l a r process o u t w a r d as the p o i n t o f suspension o f t h e 
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m a x i l l a r y b o n e : be tween these processes the pa la t ine is pe r fo ra ted , 
a n d b e h i n d t h e m i t t e rmina tes i n a po in t . T h e c h i e f p a r t o f the 
m a x i l l a r y bone, 21, is con t inued f o r w a r d f r o m i ts p o i n t o f suspen
s ion, inc reas ing i n dep th , and t e r m i n a t i n g o b t u s e l y : a shorter 
process is also, as usua l , con t inued b a c k w a r d . T h e p o i n t o f 
suspension o f the m a x i l l a r y f o r m s a short , n a r r o w , pa la t ine process: 
the den ta l b r anch o f the s u p r a m a x i l l a r y nerve penetrates the 
uppe r and f o r e p a r t o f th i s process, and i t s c h i e f d i v i s i o n escapes 
b y a f o r a m e n on the ou te r and fo re p a r t o f the m a x i l l a r y . A space 
occupied b y elastic l i g a m e n t in tervenes be tween the m a x i l l a r y and 
the p r e m a x i l l a r y , 22, w h i c h is s ingle and s y m m e t r i c a l , and firmly 
w e d g e d i n t o the nasal in te r space : the an te r io r expanded p a r t o f 
th i s smal l t r i a n g u l a r bone supports t w o tee th . T h u s the b o n y 
m a x i l l a r y a rch is i n t e r r u p t e d b y t w o l igamentous in t e rva l s at the 
sides o f the p r e m a x i l l a r y key-bone , i n f u n c t i o n a l r e l a t i o n to the 
pecu l ia r independen t movements o f the m a x i l l a r y and pa la t ine 
bones r e q u i r e d b y Serpents d u r i n g the act o f e n g u l f i n g t h e i r 
u s u a l l y l a rge p r e y . 

T w o bones e x t e n d b a c k w a r d as appendages to the m a x i l l a r y 
a r c h ; one is the ' p t e r y g o i d , ' 24, f r o m the pala t ine , the o ther the 
e c t o p t e r y g o i d , 25, f r o m the m a x i l l a r y . T h e p t e r y g o i d is c o n t i n u e d 
f r o m the poster ior e x t r e m i t y o f the pa la t ine to abu t against the 
end o f the t y m p a n i c pedicle : the unde r p a r t o f i t s an te r io r h a l f 
is beset w i t h t ee th , fig. 96 , 24. T h e ec top te rygo id , 25, overlaps 
the pos ter ior end o f the m a x i l l a r y , a n d is a r t i c u l a t e d b y i t s pos ter ior 
o b l i q u e l y c u t end to the ou te r surface o f the m i d d l e expanded p a r t 
o f t he p t e r y g o i d . 

Mandibular arch.—The t y m p a n i c bone, 28, is a s t rong , t r i h e d r a l 
pedic le , a r t i c u l a t e d b y an ob l ique uppe r surface to the end o f the 
mas to id , 8, and expanded t ransverse ly be low t o f o r m the an te ro
p o s t e r i o r ^ convex , t r ansverse ly concave, condyle f o r the l o w e r j a w . 
T h i s consists c h i e f l y o f an a r t i c u l a r 31, and a d e n t a r y 32, w i t h a 
sma l l co rono id and sp len ia l piece. T h e a r t i c u l a r piece, 31, i n c l u d i n g 
t h e angu l a r and su rangu la r elements o f the Crocod i l e , ends ob
t u s e l y , i m m e d i a t e l y b e h i n d the condy le : i t is a l i t t l e con t rac ted i n 
f r o n t o f i t , a n d g r a d u a l l y expands to i t s m i d d l e pa r t , sends u p t w o 
shor t processes, t h e n sudden ly contracts a n d te rmina tes i n a p o i n t 
w e d g e d i n t o the pos te r ior a n d ou te r n o t c h o f the d e n t a r y piece. T h e 
a r t i c u l a r is deep ly g rooved above, and p roduced i n t o a r i d g e be low. 
T h e co rono id is a shor t compressed p l a t e : t he sp len ia l is a l onge r 
p la t e a p p l i e d t o t h e i n n e r side o f the a r t i c u l a r and den ta ry . T h e 
ou t e r side o f t h e d e n t a r y has a s ingle p e r f o r a t i o n near i t s an te r io r 
e n d : t h i s is u n i t e d t o t h a t o f the opposi te r amus b y elastic l i g a m e n t . 
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T h e s k u l l o f the B o a Cons t r i c to r d i f f e r s f r o m t h a t o f the 
P y t h o n , n o t o n l y i n the greater b read th o f the f r o n t a l s , b u t i n 
t h a t o f the nasals ; i n the absence o f the supe ro rb i t a l , i n the 
more slender and c y l i n d r i c a l f o r m o f the ec top t e rygo id , and i n 
the l a rger and h ighe r i n t e r n a l border o f the coronoid . B u t the 
mechanism o f the j a w s is the same. B y the elastic m a t t e r j o i n 
i n g toge ther the ex t remi t i e s o f the m a x i l l a r y and mand ibu l a r 
bones, those o n the r i g h t side can be d r a w n apar t f r o m those on 
the l e f t , and the m o u t h can be opened n o t o n l y v e r t i c a l l y , as i n 
o ther ver tebra te animals , b u t also t ransverse ly , as i n insects. 
V i e w i n g the bones o f the m o u t h t h a t suppor t t ee th i n the great 
c o n s t r i c t i n g serpents, t h e y offer the appearance o f s ix j a w s — f o u r 
above and t w o b e l o w ; the i n n e r pa i r o f j a w s above are f o r m e d b y 
the pala t ine and p t e r y g o i d bones, f i g . 96 , 20-24, the outer pair b y 
the max i l l a r i e s , i b . 21, the unde r pa i r b y t h e mandibles , or ' r a m i , ' 
as t h e y are t e rmed , o f the l o w e r j a w , f i g . 97 , 31-32. 

E a c h o f these s ix j a w s , moreover , besides t h e movements ver
t i c a l l y and l a t e r a l l y , can be p r o t r u d e d and re t r ac ted , independen t ly 
o f the o t h e r : b y these movements the B o a is enabled to r e t a in 
and s l o w l y e n g u l f i t s p r e y , w h i c h m a y be m u c h l a rge r t h a n i ts 
o w n body . A t the f i r s t seizure the head o f the p r e y is he ld 
f i r m l y b y the l o n g a n d sharp r e c u r v e d t e e t h o f a l l the j a w s , 
w h i l s t the b o d y is c rushed b y the o v e r l a p p i n g coils o f the se rpent ; 
t he death-s t ruggles h a v i n g ceased, the C o n s t r i c t o r s l o w l y uncoi ls , 
and the head o f the p r e y is bedew.ed w i t h an abundan t s l i m y 
m u c u s : one j a w is t h e n u n f i x e d , and i t s t ee th w i t h d r a w n b y 
b e i n g pushed f o r w a r d , w h e n t h e y are again i n f i x e d , f u r t h e r back 
u p o n the p r e y ; the n e x t j a w is t h e n u n f i x e d , p r o t r u d e d , a n d 
reat tached ; and so w i t h the rest i n success ion—this m o v e m e n t o f 
p r o t r a c t i o n b e i n g almost the o n l y one o f w h i c h t h e y are susceptible 
w h i l s t s t re tched apar t t o the u t m o s t b y the b u l k o f the a n i m a l 
encompassed b y t h e m : t hus , b y t h e i r successive movements , the 
p r e y is s l o w l y and sp i r a l ly i n t roduced i n t o the w i d e g u l l e t . 

I n compar ing the s k u l l o f a poisonous w i t h t h a t o f a cons t r i c t 
i n g Serpent , the d i f f e r e n t i a l characters consist, i n the Ra t t l e snake 
(Crotalus) e . g . , ch i e f ly i n the m o d i f i c a t i o n o f f o r m a n d a t t ach
ments o f the m a x i l l a r y , w h i c h is m o v a b l y a r t i c u l a t e d to the 
pa la t ine , ec top te rygo id , and l a c r y m a l bones ; b u t c h i e f l y suppor ted 
b y the l a t t e r , w h i c h presents the f o r m o f a shor t , s t r o n g , t h ree -
sided pedic le , e x t e n d i n g f r o m the an te r io r e x t e r n a l angle o f the 
f r o n t a l t o the an te r io r and uppe r p a r t o f the m a x i l l a r y . T h e 
a r t i c u l a r surface o f the m a x i l l a r y is s l i g h t l y concave, o f an o v a l 
shape : the surface a r t i c u l a t i n g w i t h the e c t o p t e r y g o i d on the poste-
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r i o r and uppe r p a r t o f the m a x i l l a r y is smal ler and convex. T h e 
m a x i l l a r y bone is pushed f o r w a r d and ro t a t ed u p o n the l a c r y m a l 
j o i n t b y the advance o f the ec top te rygo id , w h i c h is associated w i t h 
the movemen t s o f the t y m p a n i c pedicle o f the l o w e r j a w b y means 
o f t h e t r u e p t e r y g o i d bone. T h e p r e m a x i l l a r y is edentulous. A 
l o n g , p e r f o r a t e d po ison- fang is anchylosed to the m a x i l l a r y . T h e 
pa la t ine bone has f o u r or five, and the p t e r y g o i d f r o m e igh t t o t e n , 
sma l l , i m p e r f o r a t e , po in t ed , and r e c u r v e d tee th . T h e f r o n t a l bones 
are broader t h a n t h e y are l o n g : there are no superorbi ta ls . A s t rong 
r i d g e is developed f r o m the under surface o f the basisphenoid, and 
a l o n g and s t rong r ecu rved spine f r o m t h a t o f the bas iocc ip i t a l ; 
these g i v e i n se r t i on to the p o w e r f u l 1 l o n g i c o l l i ' muscles, b y w h i c h 
t h e d o w n w a r d s t roke o f the head is p e r f o r m e d i n the i n f l i c t i o n o f 
t h e w o u n d b y the poison-fangs. 

T h e s k u l l o f the t y p i c a l O p h i d i a n rept i les most resembles t h a t 
o f L i z a r d s , b u t lacks the ou te r d i v e r g i n g appendage, f o r m e d b y the 
ma la r and squamosal, o f the m a x i l l a r y arch. I t d i f fe r s f r o m t h a t 
o f Ba t rach ians i n the d i s t i n c t bas i - and superocc ip i ta l s ; i n the 
superocc ip i t a l f o r m i n g p a r t o f the ear -chamber ; i n the basioc
c i p i t a l c o m b i n i n g w i t h the exocc ip i t a l t o f o r m a s ingle a r t i c u l a r 
condy le f o r the a t l a s ; i n the ossif icat ion o f the membranous space 
b e t w e e n the e longated parietals and the spheno id ; i n the constant 
coalescence o f the parietals w i t h one ano the r ; i n the conna t ion o f 
t h e orbi tosphenoids w i t h the f r o n t a l s , and i n the m e e t i n g o f the 
orbi tosphenoids b e l o w the .prosencephalon u p o n the uppe r sur
face o f the p r e spheno id ; i n the presence o f d i s t i nc t pos t f ron ta l s , 
and the a t t achmen t the re to o f the ec topterygoids , w h e r e b y t h e y 
f o r m an an te r io r p o i n t o f suspension o f the l o w e r j a w , t h r o u g h the 
m e d i u m o f t h e p t e r y g o i d a n d t y m p a n i c bones ; i n the conna t ion 
o f t he p r e f r o n t a l s and l ac rymal s . 

I n the Amphisbcena fuliginosa coalescence s t i l l f u r t h e r s impl i f ies 
t h e c r an i a l s t r u c t u r e : the par ts o f t h e epencephalic a rch con
s t i t u t e a s ingle occ ip i t a l bone ; t h e superocc ip i ta l crest extends 
f o r w a r d i n t o a sag i t t a l o n e ; a sma l l f o r a m e n m a r k s the b o u n d a r y : 
t h e p r e m a x i l l a r y is s ingle , and , w i t h the rest o f the uppe r j a w , is 
fixed; t he t y m p a n i c is shor t , compared w i t h t h a t o f t r u e Serpents , 
a n d extends a lmos t h o r i z o n t a l l y f o r w a r d , i n a l i n e w i t h the l o w e r 
j a w w h i c h i t s u p p o r t s ; t he corono id is more developed. T h e 
nos t r i l s , d i v i d e d b y the p r e m a x i l l a r y , are t e r m i n a l ; or even , as 
i n Lepidosternon, m a y open b e h i n d the f o r e end o f the s k u l l : i n 
t h i s Amphi sbasn ian the m a x i l l a r i e s over lap the nasals to j o i n the 
p r e m a x i l l a r y . 1 

1 CLXXIII., pi. 15, figs. 8, 11. 
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§ 34. Skull of Lacertilia.—Lizards, l i k e Serpents , have the cra
n i a l bones, especial ly those o f the haemal arches and appendages, 
more elongated, slender, and l i be ra t ed t h a n i n Crocodi les and Che-
lon ians ; the t e m p o r a l vacui t ies and o rb i t s are l a rge , and the ex te rna l 
nos t r i l s are apart . L i z a r d s r e t a i n the malo-squamosal bar connect
i n g the m a x i l l a r y w i t h the t y m p a n i c ; and some o f t h e m develope, 
as i n the Crocodi le , the uppe r zygomat i c a rch f o r m e d b y the post
f r o n t a l and mastoid . T h e neu rapophys i a l wa l l s o f the par ie ta l and 
f r o n t a l segments r e t a in m u c h o f t h e i r fibro-cartilaginous t i s sue ; and 
the c ran ia l r o o f is there sustained b y a b o n y p i l l a r o n each side 
( ' c o l u m e l l a ' o f C u v i e r ) , w h i c h has i t s base i m p l a n t e d i n a fossa 
o f the p t e r y g o i d , and underprops the pa r i e t a l near i t s ou ter border . 
T h e homologies o f the c ran ia l bones o f the P y t h o n , figs. 96 and 
97 , w i t h those o f the Crocod i le , figs. 93 , 94 , a n d 95 , b e i n g recog
nised, those o f any L i z a r d w i l l be r e a d i l y unders tood . 

I n a N e w Zealand Gecko (Rhynchocephalus *) the occ ip i t a l con
d y l e is u n u s u a l l y e longated t ransverse ly , and presents the f o r m o f 
a crescentic, convex bar , ben t u p w a r d . T h e basisphenoid sends 
d o w n t w o shor t processes to abu t against the p t e rygo ids . T h e 
pa r i e t a l bone is pe r fo ra ted b y a smal l med i an fon tane l l e close t o 
the sagi t ta l s u t u r e : i t s upper surface presents t w o s t rong c u r v e d 
and app rox ima ted t e m p o r a l crests, d i v i d e d b y a m e d i a n , angular , 
l o n g i t u d i n a l f u r r o w : the crests are c o n t i n u e d o u t w a r d u p o n the 
poster ior b i f u r c a t e d p a r t o f the par ie ta l t o be con t inuous w i t h t h a t 
f o r m i n g the upper border o f the m a s t o i d : the f r o n t a l is d i v i d e d 
b y a med i an su ture , as is the pa r i e t a l i n the c o m m o n Gecko . 
T h e poster ior f r o n t a l supports a s t rong , obtuse r i dge f o r m i n g the 
back p a r t o f the f r a m e o f the o r b i t , and un i tes b e l o w w i t h t h e 
mala r and beh ind w i t h the masto id . T h e p r e m a x i l l a r y bones are 
d i v i d e d b y a med ian su ture , and t h e i r dent igerous bo rde r pro jec ts 
be low the l eve l o f t h a t o f the m a x i l l a r y bones. T h e vomer is 
l i k e w i s e d i v i d e d b y a med ian suture . T h e pa la ta l aper tures o f 
the nost r i l s are bounded b e h i n d b y the vomer and pa la ta l p la te o f 
the m a x i l l a r y : th i s p la te is o f u n u s u a l b read th , as compared w i t h 
the L i z a r d s gene ra l ly , and presents the u n u s u a l p e c u l i a r i t y o f a 
dent igerous r idge pa ra l l e l w i t h the pos ter ior h a l f o f the a lveolar 
border . I t is s i tua ted close to the i n n e r side o f t h i s border , l eav
i n g o n l y space su f f i c i en t f o r the recep t ion o f the t e e t h o f t h e 
under j a w . T h e t ee th are con f luen t w i t h the s u m m i t s o f the 
proper and accessory a lveolar r idges . T h e pa la t ine bones are 
u n i t e d together a long the an te r io r halves. T h e r a m i o f the l o w e r 
j a w are no t anchylosed at the symphys is . T h e a lveolar bo rde r is 

1 CLvm. 
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serrated b y a s ingle r o w o f anchylosed t ee th . T h e coronoid piece 
is t r i a n g u l a r , rises i n t o a p o i n t , and presents a smooth a r t i cu l a r 
surface on i t s i n n e r side, adapted to the an te r io r l a te ra l p r o j e c t i o n 
o f t he p t e r y g o i d . 

I n t h e s k u l l o f t h e b l a c k S c i n k ( Cyclodus niger), the f r o n t a l and 
pa r i e t a l bones are t h i c k and expanded ; the pa r i e t a l is b i f u r c a t e d 
b e h i n d , « n d a r t i c u l a t e d w i t h the mastoids and paroccipi ta ls . T h e 
pos t f ron ta l s are separated f r o m the malars b y the squamosals, 
w h i c h e x t e n d be tween the malars and the mastoids to f o r m the 
s t r o n g l a t e r a l b o n y a rch r e s t i n g a n t e r i o r l y u p o n the malar and the 
m a x i l l a r y , and pos t e r i o r ly o n the pa r i e t a l and t y m p a n i c . C o n 
c o m i t a n t l y w i t h the s t rong osseous r o o f o f the c r a n i u m , there is 
an arrest o f osseous developement i n the fibro-membranous 
neurapophys ia l wa l l s o f the c r a n i u m : t w o l a t e ra l processes 
e x t e n d d o w n w a r d i n t o these wa l l s f r o m the pa r i e t a l and f o r 
w a r d f r o m the exocc ip i t a l s ; b u t the p ro tec t ive off ice o f the 
al isphenoids is solely p e r f o r m e d b y the co lumnar 'columella? , ' 
w h i c h e x t e n d f r o m the interspaces o f the processes above 
m e n t i o n e d , t o res t u p o n the uppe r groove o f the p te rygo ids . 
T h e orbi tosphenoids are represented b y s t i l l more slender b o n y 
s tyles , w h i c h c i r cumscr ibe the out le ts f o r the op t ic nerves, and 
f o r m the an t e r io r b o u n d a r y o f the prosencephalic d i v i s i o n o f the 
c r a n i u m . T h e l a c r y m a l bones are large and d i v i d e d on each side, 
as i n most L i z a r d s . T h e p remax i l l a r i e s are conf luen t , and t h e i r 
nasal process separates the e x t e r n a l nos t r i l s f r o m each other . 
E a c h p t e r y g o i d presents a r o u g h surface towards the palate , b u t 
does n o t suppor t t ee th . T h e r e is a smal l ossicle be tween the 
p t e r y g o i d processes o f the sphenoid and the t r u e p t e r y g o i d bones. 
T h e c o l u m e l l i f o r m stapes is e x t r e m e l y l o n g and slender. 

I n the I g u a n a t h e pa r i e t a l suppor ts a s ingle med ian c res t : t he 
pos te r ior m a r g i n o f t h e f r o n t a l is no t ched b y the f r o n t o - p a r i e t a l 
f o n t a n e l l e : b o t h l a c r y m a l and p o s t f r o n t a l are subd iv ided i n t o t w o 
pieces ; the l a c r y m a l f o r a m e n is a * c o n j u g a t i o n a l ' one be tween the 
t w o pieces. T h e u p p e r p o r t i o n o f the l a c r y m a l represents the 
f a c i a l p a r t o f the p r e f r o n t a l ; i t does n o t send d o w n a neu rapo
p h y s i a l p l a t e t o j o i n t h e v o m e r or pala t ines , no r f o r m s any p a r t o f 
the l a t e r a l w a l l s o f the rh inencepha l i c c a v i t y , or o f the f o r a m e n 
f o r t h e t r ansmiss ion o f the o l f a c t o r y nerves. T h e pa la t ine nos t r i l s , 
fig. 98 , D , n, are v e r y l o n g , a n d n o t c h the la rge palat ines , 20; the 
p t e r y g o i d s , 24, each s u p p o r t a r o w o f smal l t ee th . 

I n t h e s k u l l o f the M o n i t o r L i z a r d ( V a r a n u s niloticus) the 
bas iocc ip i t a l sends d o w n a pa i r o f shor t , obtuse hypapophyses : 
those o f t h e bas isphenoid are l a rge r and a b u t against the p t e r y -
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g o i d s : these bones are app l i ed to the back p a r t o f the t y m p a n i c , 
and the slender f c o l u m e l l a ' rests u p o n the m i d d l e o f t h e i r upper 
surface. T h e pa r i e t a l is pe r fo ra t ed near i t s an te r io r border . 
T h e p o s t f r o n t a l has a descending pos to rb i t a l process. T h e pre 
f r o n t a l developes a p a r t i a l pos t - la te ra l w a l l f o r the rh inencephal ic 
c ha m be r ; e x t e r n a l l y i t supports an a n t o r b i t a l de rma l b o n e : the 
smal l pe r fo ra t ed l a c r y m a l is a d i s t i n c t bone. T h e nasal%nd pre 
m a x i l l a r y are b o t h s ingle bones, as i n most Lace r t i ans . T h e 
mala r , wedged a n t e r i o r l y be tween the m a x i l l a r y , pa la t ine , l a c r y m a l 
and ec top te rygo id , curves b a c k w a r d as a slender s ty le t e r m i n a t i n g 
i n a p o i n t , l e a v i n g the o r b i t u n c i r c l e d b y bone b e h i n d : the 
squamosal, wedged b e h i n d be tween the mas to id and t ympan ic , 
curves f o r w a r d to a p o i n t beneath the p o s t f r o n t a l . 

I n the A m e r i c a n M o n i t o r ( Tejus nigropunctatus) the nasals are 
d i v i d e d : the malar ar t icula tes b e h i n d w i t h the p o s t o r b i t a l — a dis
m e m b e r m e n t o f the p o s t f r o n t a l , w h i c h cont inues the zygomat ic 
a rch w i t h the squamosa l : there is no c f o r a m e n par ie ta le . ' 

I n the Chameleon the t ee th are shor t , and so conf luen t w i t h the 
j a w s t h a t these appear to have s i m p l y a serrated m a r g i n . T h e 
ex t e rna l nos t r i l s per fora te the m a x i l l a r y b o n e ; a l o n g , compressed, 
serrated crest arches u p w a r d and b a c k w a r d f r o m the superoccip i ta l 
and par ie ta l bones, and j o i n s the processes o f bone con t inued f r o m 
the mastoids. I n the Chameleo bifurcus t he an te r io r f o r k - l i k e 
p roduc t ions are f o r m e d b y the m a x i l l a r y and p r e f r o n t a l bones. 
T h e p r e m a x i l l a r y a t the b o t t o m o f the c l e f t is v e r y smal l . 

I n Draco volans there is m e r e l y the r u d i m e n t o f a spine or 
r idge, f r o m the supe rocc ip i t a l ; an arched transverse r i dge separates 
the occ ip i t a l f r o m the pa r i e t a l r e g i o n o f the s k u l l . T h e post
f r o n t a l , mas to id , and pa rocc ip i t a l p ro j ec t successively f r o m t h e i r 
respective c ran ia l segments, and w e l l man i fe s t t h e i r character as 
the transverse processes o f these. 

T h e vacui t ies i n the b o n y palate are m a n y , a n d show m u c h 
v a r i e t y i n the cold-blooded, especial ly the r e p t i l i a n , series, i n 
r e g a r d to t h e i r n u m b e r , k i n d , and r e l a t i ve size. T h e most con
s tant are those w h i c h are more or less c i r c u m s c r i b e d b y the m a x 
i l l a r y and p t e r y g o i d , and cons t i tu te a pa i r . T h e y are present i n 
Polypterus and most Ganoids , bounded o u t w a r d l y b y the m a x i l 
l a r y , m e d i a l l y b y the pa la t ine , a n d b e h i n d b y the p t e r y g o i d . 
I n the M e n o p o m e the vomer , fig. 73 , I, f o r m s the m e d i a n and 
the p t e r y g o i d , / , the poster ior bounda ry . I n t h e F r o g , fig. 98 , 

A , the p t e r y g o - m a x i l l a r y vacui t ies , y, are d i v i d e d f r o m each 
other b y the bas i sphenoid ; w h i l s t the pa la t ine f o r m s t h e f r o n t 
bounda ry and separates t h e m f r o m the nasal aper tures , n. I n 
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L i z a r d s , i b . D, t he pala t ine 20, and p t e r y g o i d 24, f o r m the med ian 
b o u n d a r y , the m a x i l l a r y , 21, and ec top t e rygo id the ou te r one o f y. 
I n the Crocodi les , i b . c, the pala t ine 20 f o r m s the median , the 
e c t o p t e r y g o i d 25 the ou te r , the m a x i l l a r y 21 the f o r e , and the p t e r y 
g o i d 24 w i t h the ec top t e rygo id the h i n d , bounda ry . I n ' t h e C h e 
l o n i a there is no ec top t e rygo id to d i v i d e the p t e r y g o - m a x i l l a r y 
v a c u i t y f r o m the l o w e r open ing o f the t e m p o r a l fossa. T h e n e x t 
openings i n p o i n t o f constancy are the pa la ta l , or poster ior , 
o r i n t e r n a l nos t r i l s — ' palatonares ; ' b u t t h e y are v a r i o u s l y f o r m e d 
a n d s i tua ted . I n the M e n o p o m e , fig. 73 , there is no pala t ine bone 
t o d i v i d e t h e m f r o m the p t e r y g o - m a x i l l a r y v a c u i t y ; i n fig. 98 A , 
the F r o g , the t ransverse pa la t ine f o r m s the pos ter ior b o u n d a r y 
o f the palatonares, n, the vomer the i nne r , and the m a x i l l a r y the 
ou te r , b o u n d a r y ; t h e y are s i m i l a r l y encompassed i n the L i z a r d s , 

Frog. Tortoise. Crocodile. Iguana. 
Palatal apertures, Reptilia. 

i b . D , n. I n the Crocodi les , t he palatonares, i b . c, n, f o r m a s ingle 
ape r tu re s u r r o u n d e d b y the p t e rygo ids , a n d s i tua ted f a r back. 
T h e r e is also a s ingle p r e m a x i l l a r y f o r a m e n , i b . c, p, a t t h e f o r e 
p a r t o f the b o n y palate . T h i s is sometimes d i v i d e d i n t o t w o b y the 
p r e m a x i l l a r y , l i k e the e x t e r n a l nos t r i l s , as i n the I g u a n a , i b . D , p. 
I n mos t L i z a r d s the re is a more or less elongate e i n t e r p t e r y g o i d ' 
v a c u i t y , i b . T>, S, b o u n d e d b e h i n d b y t h e hypapophyses o f the 
bas isphenoid , l a t e r a l l y b y t h e p t e r y g o i d s , a n d u s u a l l y e x t e n d i n g 
some w a y b e t w e e n the pala t ines . I n the Mosasaurus t he i n t e r 
p t e r y g o i d fissure does n o t e x t e n d f a r back b e t w e e n the p t e r y g o i d s , 
b u t is b o u n d e d i n a g rea te r p r o p o r t i o n b y the palat ines . Some
t i m e s t he re is a d i s t i n c t s m a l l f i n t e r p a l a t i n e ' v a c u i t y , i b . m, i n 
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advance o f the i n t e r p t e r y g o i d ; and more r a r e l y there occurs an 
' i n t e r v o m e r i n e ' v a c u i t y s t i l l more i n advance. 

T h u s there are def inable and nameable, i n the b o n y palate o f 
rep t i les , the ' p t e r y g o - m a x i l l a r y , ' ' pa la tonar ia l , ' ' p r e m a x i l l a r y , ' 
' i n t e r p t e r y g o i d , ' ' i n t e r p a l a t a l , ' and ' i n t e r v o m e r i n e ' vacui t ies or 
f o r a m i n a — m o r e or less va luable as characters o f recent and 
e x t i n c t species. 

§ 35. Skull of Ichthyopterygia.—Amongst the i l l u s t r a t i ons o f 
ex t reme var ie t ies i n the r e p t i l i a n s k u l l w h i c h Palaeontology has 
b r o u g h t to l i g h t , m a y be c i t e d the Ichthyosaurus, t he Dicynodon, 
and the Pterodactylus. 

T h a t o f the first combines i n a pecu l ia r manne r some piscine 
w i t h r e p t i l i a n characters. I t d i f fe rs f r o m a l l e x i s t i n g Reptilia i n 
the g rea t size o f the p r e m a x i l l a r y , fig. 105, 22, a n d smal l size o f 
the m a x i l l a r y , 21; i n the l a t e r a l aspects and a n t o r b i t a l pos i t ion o f 
the n o s t r i l s ; i n the immense size o f the o rb i t s , and i n the large and 
numerous sclerotic plates, w h i c h l a t t e r s t ruc tures g i v e to the s k u l l 
o f the Ichthyosaurus i t s most s t r i k i n g features . 

T h e t w o supplementa l bones o f the s k u l l , w h i c h have no homo
logues i n e x i s t i n g Crocodi l ians , are the pos to rb i t a l and super-
squamosal ; b o t h , however , are developed i n Archegosaurus and 
the L a b y r i n t h o d o n t s . T h e pos to rb i t a l is the homologue o f the 
i n f e r i o r d i v i s i o n o f the p o s t f r o n t a l i n those L a c e r t i a n s — e. g . , 
Iguana, Tejus, Ophisaurus, Anguis, i n w h i c h t h a t bone is said to 
be d i v i d e d ; b u t i n Ichthyosaurus i t more resembles a d ismember
m e n t o f the mala r , 26. I t s t h i n obtuse scale-like l o w e r end over
laps and j o i n s b y a squamous su ture the h i n d end o f the ma la r : 
the pos to rb i t a l expands as i t ascends to the m i d d l e o f the back o f 
the o r b i t , t h e n g r a d u a l l y contracts t o a p o i n t as i t curves u p w a r d 
and f o r w a r d , a r t i c u l a t i n g w i t h the supersquamosal and post
f r o n t a l , 12. T h e supersquamosal m a y be i n l i k e manne r r ega rded 
as a d i smemberment o f the squamosal, 27; w e r e i t con f luen t t he re 
w i t h , the resemblance w h i c h the bone w o u l d present to the z y g o 
mat i c and squamosal parts o f the m a m m a l i a n t e m p o r a l bone w o u l d 
be v e r y c lose; save t h a t the squamous p a r t w o u l d be r e m o v e d 
f r o m the i n n e r to the outer w a l l o f the t e m p o r a l fossa. T h e n o s t r i l 
is bounded b y the l a c r y m a l , 73, nasal, 15, m a x i l l a r y , 21, a n d p re 
m a x i l l a r y , 22, bones. I t is d i s tan t f r o m the o r b i t about h a l f i t s o w n 
l o n g diameter . L i k e the o r b i t , the p lane o f i t s o u t l e t is v e r t i c a l . 

T h e p t e r y g o - m a x i l l a r y vacui t ies are v e r y l o n g a n d n a r r o w , 
broadest b e h i n d , whe re t h e y are bounded , as i n L i z a r d s , b y the 
an te r io r concavit ies o f the basisphenoid, a n d g r a d u a l l y n a r r o w i n g 
to a p o i n t close to the pala t ine nost r i l s . These are smal ler t h a n 
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i n most L i z a r d s , and are c i r cumscr ibed b y the palat ines, ecto
p t e r y g o i d , m a x i l l a r y , and p r e m a x i l l a r y . T h e p t e rygomala r fis
sures are t h e l o w e r out le t s o f the t e m p o r a l fossae; t h e i r sudden 
pos ter ior b r e a d t h , due to the emarg ina t ion o f the p t e r y g o i d , relates 
t o the passage o f the muscles f o r a t t achment to the l o w e r j a w . 
T h e pa r i e t a l f o r a m e n is bounded b y b o t h parietals and f r o n t a l s , 
11 ; i t s presence is a m a r k o f l a b y r i n t h o d o n t and lace r t i an a f f i n i 
t ies ; i t s f o r m a t i o n is l i k e t h a t i n Iguana and Rhynchocephalus. 
T h e occ ip i topar ie ta l vacui t ies are l a rge r t h a n i n Crocodilia, smaller 
t h a n i n Lacertilia; t h e y are bounded i n t e r n a l l y b y the basi-, ex- , 
a n d super-occipi ta ls , e x t e r n a l l y b y the pa r i e t a l and masto id . T h e 
a u d i t o r y apertures are bounded b y the t y m p a n i c and squa
mosal : the t y m p a n i c , 28, takes a grea ter share i n the f o r m a t i o n 
o f the ' m e a t u s a u d i t o r i u s ' i n L i z a r d s ; i n Crocodi les the bone 28 
is r e s t r i c t ed to t h a t w h i c h i t takes i n Ichthyosaurus.1 

I n compar ing the j a w s o f the Ichthyosaurus tenuirostris w i t h 
those o f the ganget ic G h a r r i a l , an equa l degree o f s t r e n g t h and 
o f a lveolar border f o r t ee th r e s u l t f r o m t w o v e r y d i f f e r e n t p ropor 
t ions i n w h i c h the m a x i l l a r y and p r e m a x i l l a r y bones are combined 
toge ther t o f o r m the uppe r j a w . T h e p r o l o n g a t i o n o f the snout 
is the same : the d i f fe rence o f s t ruc tu re relates to the co l lec t ive 
t endency o f the a f f in i t i e s o f the Ichthyosaurus t o an antecedent 
hcematocryal t y p e o f s t r uc tu r e s t i l l p a r t l y shown b y L i z a r d s . 
T h e b a c k w a r d or a n t o r b i t a l pos i t ion o f the nos t r i l s , l i k e t h a t i n 
whales , is r e la ted to" the mar ine existence o f the I ch thyosau r s . 
B u t i n the L a b y r i n t h o d o n t s , i n w h i c h the nos t r i l s are nearer t h e 
fo re p a r t o f the head, t h e i r an te r io r boundaries are f o r m e d b y 
the p remax i l l a r i e s , as i n m o d e r n L i z a r d s : i t appears, the re fo re , 
t o be i n c o n f o r m i t y w i t h these a f f in i t i e s t h a t the p remax i l l a r i e s 
o f the I c h t h y o s a u r shou ld enter i n t o the same r e l a t i o n w i t h the 
nos t r i l s , a l t h o u g h th i s invo lves an e x t e n t o f an te r io r develope
m e n t p ropor t iona te to the l e n g t h o f the j a w s , the f o r w a r d p r o 
d u c t i o n o f w h i c h sharp- toothed i n s t r u m e n t s fitted the I c h t h y o s a u r , 
l i k e the m o d e r n D o l p h i n f o r the prehens ion o f agi le fishes. 

§ 36 . Skull of Dicynodontia. — T h e s k u l l o f t h e Dicynodon, 
fig. 99 , is a r t i c u l a t e d w i t h the atlas b y a s ingle condy le , f o r m e d b y 
the bas i - and ex-occipi ta ls i n equa l p r o p o r t i o n s : the l a t t e r have 
coalesced, as i n the Crocodi les , w i t h the paroccipi ta ls . T h e pa r i e 
tals f o r m one bone, pe r fo ra t ed b y a s m a l l < f o r a m e n p a r i e t a l e ' close 
to the corona l su ture . T h e f r o n t a l s , n , c o n t r i b u t e a share to the 
s u p e r o r b i t a l b o r d e r ; t h e i r m e d i a n su tu re is d i s t i n c t , as is t h a t 

1 CXLVII. p. 388. 
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be tween the nasals, 15. T h e p r e f r o n t a l , u , extends to the n o s t r i l , n. 
T h e l a c r y m a l , 13, f o r m s the rest o f the fo re p a r t o f the o r b i t , ex
t e n d i n g f o r w a r d u p o n the face. T h e sides o f the p r e m a x i l l a r y , 22, 
b e n d a b r u p t l y d o w n i n f r o n t o f the nos t r i l s , t o j o i n the m a x i l l a r y , 
20, 2 1 ; th i s f o r m s the l o w e r b o u n d a r y o f the n o s t r i l , n, and j o i n s 
above and b e h i n d w i t h the p r e f r o n t a l , l a c r y m a l , and nasal bones : 
the m a x i l l a r y projects b e l o w the o r b i t , l i k e a f o r w a r d con t inua t ion 
o f the zygoma, becomes more p r o m i n e n t as i t advances, and soon 
f o r m s the outer angle o f the three-s ided socket o f the canine t u s k , c. 
T h e r e is a s ingle b u t s t rong zygoma t i c a r ch f o r m e d b y the malar , 
26, and squamosal, 27, a b u t t i n g against the uppe r end o f the t y m 

panic pedicle, 28. T h e r a m i o f the l o w e r j a w a u g m e n t i n d e p t h 
f r o m the angle to the symphys is , w h e r e t h e y are conf luen t . T h e 
angle projects a v e r y l i t t l e w a y b e y o n d the a r t i c u l a t i o n . T h e 
a r t i cu l a r surface is modera te ly concave, and looks o b l i q u e l y u p 
w a r d and b a c k w a r d . T h e elements o f the pos ter ior h a l f o f t h e 
ramus answer to the a r t i cu la r , angu la r , 26, and surangu la r , 25. A 
t h i n v e r t i c a l sp lenia l p la te , o n the i n n e r side o f the ramus , begins 
about an i n c h i n advance o f the angle , a n d extends f o r w a r d t o the 
symphysis , at the back p a r t o f w h i c h i t appears to become con
fluent w i t h i t s f e l l o w . T h e p a r t a n s w e r i n g to the angu la r d iverges 
f r o m the surangular , and f o r m s the h i n d b o u n d a r y o f an o b l o n g 
v a c u i t y a t the m i d d l e o f the side o f the ramus , the f o r e p a r t o f 
w h i c h v a c u i t y is f o r m e d b y a b i f u r c a t i o n o f the d e n t a r y e lement , 
23. T h i s is t h i c k e n e d and s t reng thened b y a r i d g e , subs id ing a t 
the v e r t i c a l channel u p o n the side o f the symphys i s , r e c e i v i n g the 
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t u s k , s, w h e n the m o u t h is closed. T h e symphysis o f the m a n 
d ib l e is p e c u l i a r l y massive — broad , h i g h , and t h i c k . A n t e r i o r l y 
i t is convex i n eve ry d i r e c t i o n ; i t is ben t or produced u p w a r d , 
t e r m i n a t i n g i n a b road t r enchan t m a r g i n , l i k e the fo re p a r t o f t h e 
l o w e r m a n d i b l e o f a macaw. T h e m o d i f i c a t i o n o f the back p a r t 
o f t he c r a n i u m , especial ly the great expansion due exc lus ive ly t o 
the developement o f r idges f o r a u g m e n t i n g the surface o f a t t ach
m e n t o f muscles ( f o r the b r a i n o f the cold-blooded r e p t i l e w o u l d 
need b u t a smal l spot o f the centre o f the occ ip i t a l plates f o r i t s 
p r o t e c t i o n ) , indicates the power t h a t was b r o u g h t t o bear u p o n 
the head as the f r a m e w o r k i n w h i c h were s t r o n g l y fixed the t w o 
l a rge tusks . T h e s t r e n g t h or resistance o f the cavit ies r e c e i v i n g 
the deeply i m p l a n t e d bases o f the tusks was increased b y the 
r idges developed f r o m the outer p a r t o f t h e i r b o n y w a l l . 

O n l y the Crocodi les n o w show a l i k e e x t e n t o f ossif icat ion o f the 
occ ipu t , and o n l y the Chelonians the t r enchan t toothless m a n d i b l e ; 
b u t i n b o t h the ou te r n o s t r i l is s ingle and m e d i a n : the L i z a r d s 
repeat the d i v i d e d aper tures f o r r e s p i r i n g a i r : i n M a m m a l s alone 
do w e find a developement o f canine tusks l i k e t h a t i n the 
D i c y n o d o n t s . 

§ 37 . Skull of Pterosauria.— T h e s k u l l o f the P t e r o d a c t y l e , 
fig. I l l , was as r e m a r k a b l e f o r i t s l i g h t and delicate s t r uc tu r e as 
t h a t o f the D i c y n o d o n t f o r i t s compact massiveness. I t had a 
s ingle occ ip i t a l condyle : a pos t - f ron to -mas to id a rch a n d a m a l o -
squamosal a rch on each s ide ; the l a t t e r a b u t t i n g against the end 
o f the t y m p a n i c pedic le . T h e o r b i t was la rge , and the eyeba l l 
defended b y sclerot ic plates. T h e e x t e r n a l nos t r i l s were d i v i d e d , 
and placed abou t m i d w a y be tween the o rb i t s and the muzz le . 
T h e r e was a l a rge v a c u i t y be tween the o rb i t s , o, and nos t r i l s , n. 
T h e j a w s v a r i e d m u c h i n l e n g t h i n d i f f e r e n t species. 

§ 38 . Scapular arch and appendage. — P a r t s w h i c h p r o j e c t 
f r o m the b o d y t o act o n the s u r r o u n d i n g m e d i u m commence as 
a b u d or f o l d o f s k i n , w i t h i n w h i c h is f o r m e d the f r a m e w o r k , i n 
t e x t u r e and s t r u c t u r e accord ing to the w o r k to be done. T h e 
reac t ion o f the m e d i u m , w h e t h e r a i r , wa t e r , or ea r th , calls f o r t h e 
due resistance u s u a l l y a f fo rded b y j u n c t i o n o f the p r o j e c t i n g p a r t 
w i t h a segment o f t h e endoskele ton. T h u s , i n F ishes , the f r a m e 
o f the opercular flap a r t icu la tes w i t h the t y m p a n o - m a n d i b u l a r 
a r c h : t h a t o f the branchios tega l ( g i l l - c o v e r i n g ) flap w i t h the 
haemal a rch o f the pa r i e t a l v e r t e b r a : t h a t o f the pec to ra l flap or 
l i m b w i t h the same a rch o f the occ ip i t a l ve r t eb ra . T h e f r a m e 
o f the caudal flap or fin is a t tached t o the t e r m i n a l vertebrae o f 
t h e b o d y : those o f the dorsa l and anal fins are less firmly i n t e r -
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l ocked w i t h the n e u r a l and haemal spines o f more advanced 
vertebrae. 

A l l these var ious suppor ts o f flaps, fins, or l i m b s b e l o n g to the 
same n a t u r a l genet ic g r o u p o f skele ta l p a r t s : t h e i r pe r iphe ra l rays 
are n o t ' d e r m a l bones ; ' t h e y are developed b e t w e e n fo ld s , n o t i n 
the substance, o f the i n t e g u m e n t ; a l t h o u g h i n some instances 
t h e y press a w a y the s k i n and become coated b y a gano id conver
s ion o r ca lc i f i ca t ion o f i t s ou te r l ayer . 

T h e most s imple c o n d i t i o n o f the p a r i a l (pec to ra l and p e l v i c ) 
l i m b s is mani fes ted b y the L e p i d o s i r e n , fig. 100. A filamentary 
appendage is sustained b y a s ingle m a n y - j o i n t e d ca r t i l ag inous r ay , 
fig. 101 A, a. I n one species there are a t tached a t r i g h t angles 
t o the pec tora l r a y fine filaments sus t a in ing the n a r r o w f o l d 
o f membrane con t inued f r o m i t s pos ter ior side. A s imi la r series 
o f finer rays supports the membrane c o n t i n u e d f r o m the dorsal 
detached dermoneura ls o f Polypterus. 

Protopterus (Lepidosiren) annectens. xxxin. 

^ T h e a rch sus ta in ing the pec tora l l i m b s o f Lepidosiren is also 
s imple , d e p a r t i n g least f r o m i t s a r c h e t y p a l c o n d i t i o n . A l o n g 
s t r a igh t c y l i n d r i c a l bone, fig. 1 0 1 , A , 51, pi, is a t tached b y a shor t 
l igamentous mass to the epencephalic a r ch , i b . n, o f w h i c h i t is 
the r i b , or ' p leurapophysis , ' a ssuming i n u l t e r i o r developements 
the special name o f £ scapula. ' W i t h each scapula is a r t i c u l a t e d a 
l a rge r and more flattened bone, i b . 52: the t w o converge and 
mee t at t h e i r l o w e r ends, c o m p l e t i n g , as haemapophyses, a w i d e l y 
expanded haemal arch. T h e e n t i r e segment , A , confo rms t o the 
thoracic m o d i f i c a t i o n o f the a rche type ve r t eb ra , fig. 19 ; and , s i m i 
l a r l y , is expanded i n order t o encompass and p ro t ec t the h e a r t : b u t 
i t is s i m p l i f i e d b y the absence o f the haemal spine i n Protopterus, 
as the n e u r a l spine is sometimes w a n t i n g i n a n e u r a l a rch . T h e 
haemapophysis, h, i n ascending the ver tebra te scale, assumes special 
f o r m s , s i gn i f i ed b y the t e r m c coracoid, ' w i t h the n u m b e r 52. I n 
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Protopteri, as in more piscine Hcematocrya, the coracoid ex
c lu s ive ly supports the appendage or l i m b . 

F r o m the c o n d i t i o n e x e m p l i f i e d i n fig. 1 0 1 , A , the developement 

101 

Elementary limbs, A, c, Lepidosiren; u, D, Amphiuma, CXL. 

o f t he pec to ra l member diverges i n t w o d i r e c t i o n s : one b y m u l t i 
p l i c a t i o n o f m a n y - j o i n t e d rays , the o ther b y s i m p l i f i c a t i o n as t o 
n u m b e r o f rays and j o i n t s , w i t h special m o d i f i c a t i o n and d i f f e r e n 
t i a t i o n o f the l a t t e r . 

§ 39. Pectoral limb of Fishes.—The first series o f modi f i ca t ions 
is n o w conf ined to F i s h e s : b u t , before desc r ib ing the appendage, 
a b r i e f not ice o f the a rch is r equ i s i t e . 

I n most Osseous Fishes the p leurapophys is o f the o c c i p i t a l , l i k e 
t h a t o f the t w o antecedent c ran ia l vertebrae, is i n more t h a n one 
p i e c e ; b u t the d iv i s ions do n o t exceed t w o . T h e u p p e r piece 
(suprascapula) is c o m m o n l y b i f u r c a t e , as i n the C o d , figs. 3 4 , 75 , 
8 1 , 50, the l o w e r p r o n g a n s w e r i n g t o t h e ' h e a d , ' the uppe r one t o 
the ' t u b e r c l e ' o f the tho rac ic r i b i n the C r o c o d i l e : t h e l a t t e r 
a r t icu la tes w i t h the t ransverse process (paroccipital). T h e l o w e r 
piece (scapula), i b . 51, is a slender s t r a i g h t bone, p o i n t e d b e l o w , 
and m o r t i s e d i n t o a g roove o f the coracoid , i b . 52. T h e t w o par t s 
o f t he scapula are c o n f l u e n t i n the S i l u r o i d Fishes . I n t h e 
Muraenoids the suprascapula is l i gamen tous , and loosely appends 
t h e scapular a rch to t h e s k u l l . I n the Plagiostomi t h e a r ch is 
detached f r o m i t s ve r t eb ra , a n d has receded i n p o s i t i o n , t o a l l o w , 
as i t seems, f o r the g rea t expanse o f the appended fin. 

T h e haemapophysis, or ' c o r a c o i d , ' figs. 3 4 , 38 , 39 , 75 , 85 , 52, is 
l o n g e r a n d u s u a l l y broader t h a n t h e scapula. I n the C o d - t r i b e , 
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i t s p o i n t e d uppe r e x t r e m i t y projec ts b e h i n d t h a t bone and almost 
touches the suprascapula; a b road angu la r p la te o f the coracoid 
projects b a c k w a r d and gives a t t achment to the rad ia ted appendage, 
be low w h i c h i t bends i n w a r d and f o r w a r d , g r a d u a l l y decreasing 
to a p o i n t , w h i c h is connected b y l i g a m e n t t o i t s f e l l o w , and to 
the u r o h y a l bone, fig. 43 . T h e i n n e r side o f the coracoid is ex
cavated, and i t s an te r io r m a r g i n f o l d e d i n w a r d and b a c k w a r d , 
l o d g i n g the o r i g i n o f the grea t l a t e ra l muscle o f the t r u n k . 

I n most fishes the l o w e r end o f the a rch is comple ted , as i n the 
C o d , b y the l igamentous symphysis o f the coracoids ; b u t i n the 
S i l u r i and P l a t y c e p h a l i the coracoids expand be low, and are firmly 
j o i n e d together b y a denta ted su ture . I n a l l Fishes t h e y suppor t 
and defend the hear t , and f o r m the f r a m e , or s i l l , against w h i c h 
the opercular and branchiostegal doors shut i n c los ing the great 
b ranch ia l c a v i t y ; t h e y also g i v e a t t achment to the aponeurot ic 
d i aphragm, d i v i d i n g the pe r i ca rd ia l f r o m the abdomina l cav i ty . 

T o the i nne r side o f the uppe r end o f the coracoid there is 
at tached, i n the C o d and C a r p , a b o n y appendage i n the f o r m o f 
a s ingle s t y l i f o r m r i b ; b u t i n o ther Fishes th i s is more f r e q u e n t l y 
composed o f t w o pieces, as i n the P e r c h . T h i s single or double 
bone, figs. 34 , 38 , 85 , 58, is s l i g h t l y expanded at i t s upper end i n 
the C o d - t r i b e , where i t is a t tached b y l i g a m e n t t o the inne r side 
o f the angula r process o f the coracoid : i t s slender p o i n t e d p o r t i o n 
extends d o w n w a r d and b a c k w a r d , and te rmina tes f r e e l y i n the 
l a t e ra l mass o f muscles. I n the Batrachus i ts uppe r e x t r e m i t y 
rises above the coracoid, and is d i r e c t l y at tached to the spinous 
process o f the atlas. I n some Fishes , as the Snipe- f i sh ( Centriscus 
Scolopax), the C o c k - f i s h (Argyreiosus Vomer), t he L a n c e t - f i s h 
(Siganus), i t is j o i n e d b y the l o w e r end to the cor responding 
bone o f the opposite side, thus c o m p l e t i n g an independen t i n 
v e r t e d arch , b e h i n d the scapular one. T h e r e is some reason, 
the re fo re , f o r v i e w i n g the bone 58 as r ep resen t ing the haemal 
a rch o f the atlas, or i t s haernapophysial p o r t i o n . 

T h e visually f r ee l o w e r ex t r emi t i e s o f these haemapophyses, t o 
gether w i t h t h e i r t a k i n g no share i n the d i r e c t suppor t o f the pec
t o r a l fins, and t h e i r incons tan t existence, oppose the v i e w o f t h e i r 
special h o m o l o g y w i t h the coracoids o f h i g h e r Ve r t eb ra t e s . 
T o t h a t w i t h the ' c l a v i c l e s ' o f h i g h e r classes i t has been 
objec ted t h a t these bones are a lways s i tua ted i n those classes i n 
advance o f the coracoids; b u t t h i s i n v e r t e d pos i t i on m a y be a 
consequence o f the b a c k w a r d displacement o f the scapula a n d 
coracoid i n the a i r - b r e a t h i n g Ver t eb ra t e s . 

T h e appendage o f the scapular a rch , i n mos t Osseous F i shes , 
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is composed o f three segments : t he first, o f t w o , r a r e l y o f th ree , 
bones i m m e d i a t e l y a r t i c u l a t e d w i t h the c o r a c o i d ; the n e x t , o f a 
series o f f r o m t w o t o s ix smal ler bones ; w h i c h , l a s t l y , suppor t a 
series o f spines or j o i n t e d rays . These rays ser ia l ly repeat the 
branchios tega l rays i n the hyo idean appendage, and the opercular 
r ays i n t h e t y m p a n i c appendage. T h e vegeta t ive r e p e t i t i o n o f 
d i g i t s and j o i n t s , and the vegeta t ive sameness o f f o r m i n those 
m u l t i p l i e d pe r i phe ra l par ts o f the fins o f Fishes , accord w i t h the 
characters o f a l l o ther organs o n t h e i r first i n t r o d u c t i o n i n t o the 
a n i m a l series. T h e s ingle r o w o f f e w e r ossicles, figs. 34 and 
8 1 , 56, s u p p o r t i n g the rays , 57, obv ious ly represents the double 
ca rpa l series i n M a m m a l s ; and the bones o f the b r a c h i u m and 
a n t i b r a c h i u m seem i n l i k e manne r to be reduced to a s ingle series, 
54, 55. I n the v e n t r a l fin, fig. 34 , v, no segment is developed 
be tween the a rch , 63, and the d i g i t a l rays , 70: i t is i n th i s respect 
l i k e the b ranchios tega l fin, 40, 44. 

T h e pec to ra l fin is d i r ec t ed b a c k w a r d , and b e i n g app l i ed , 
p rone , t o the l a t e r a l surface o f the t r u n k , the r a y or d i g i t answer
i n g to the t h u m b is t o w a r d the v e n t r a l surface. T h e lowes t o f 
t h e bones s u p p o r t i n g the carpus should , the re fo re , be regarded as 
the radius ( f i g s . 34 and 8 1 , 54), h o l d i n g the pos i t i on w h i c h t h a t 
bone unques t i onab ly does i n the s i m i l a r l y disposed pec to ra l fin o f 
t h e Plesiosaur , fig. 4 5 , 54, and Cetacea. T h e uppe r bone, w h i c h 
c o m m o n l y affords suppor t t o a smal ler p r o p o r t i o n o f the carpa l 
r o w , m a y be compared to the u l n a ( i b . 55). A s a t h i r d sma l l 
bone is a r t i c u l a t e d to the coracoid, i n some Osseous Fishes , 
a t least i n t h e i r i m m a t u r e state, the name o f h u m e r u s m a y be 
conf ined to t h a t b o n e : b u t i n these i t is gene ra l l y above and on 
the i n n e r side o f the u l n a , a n d seems t o be ra the r a d i smember 
m e n t o f i t . I n the Salmonidce, i t is more d i s t i n c t l y deve loped ; 
i t is a r t i cu l a t ed i n the B u l l - t r o u t (S. eriox)1 t o the m i d d l e o f the 
back p a r t o f the coracoid b y a t ransverse ly e longated e x t r e m i t y ; 
a n d is expanded at i t s d i s t a l end , w h e r e i t a r t icu la tes b y car t i lage 
w i t h the rad ius a n d u l n a . I n the C o d % H a d d o c k , and most o ther 
F ishes there is no separate representa t ive o f t h e h u m e r u s : i n 
these t h e u l n a is a shor t a n d b r o a d p la te o f bone, deep ly e m a r g i -
nate a n t e r i o r l y , a t tached b y su tu re t o the coracoid, and b y the 
opposi te expanded end t o the rad ius , and to one or t w o o f t h e 
ca rpa l ossicles, and d i r e c t l y t o the uppe r or u l n a r r a y o f the fin. 

I n the B u l l - h e a d and Sea-scorpion (Cottus), t h e rad ius a n d 
u l n a are w i d e l y separated, a n d t w o o f the l a rge square ca rpa l 

1 XLIV. p. 18, No. 46. 
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plates i n t h e i r interspace a r t i cu la t e d i r e c t l y w i t h the coracoid. A 
s imi l a r a r rangement obtains i n the G u r n a r d s and the W o l f - f i s h ; 
b u t the carpals i n the interspace o f the radius and u l n a are sepa
r a t e d f r o m the coracoids b y a space occupied b y clear car t i lage ; 
a n d i n the W o l f - f i s h the in t e rmed ia t e carpals are a lmost d i v i d e d 
b y t w o opposite notches. T h e u l n a is pe r fo ra t ed i n a l l these 
fishes. T h e rad ius is o f enormous size i n the O p a h (Lampris), the 
C o c k - f i s h , fig. 38 , and the F l y i n g - f i s h ; i t is anchylosed w i t h the 
coracoid i n the Silurus, t o g i v e firmer suppor t t o the s t rong 
serrated pec tora l spine. B o t h rad ius a n d u l n a are connate w i t h 
t he coracoid i n the A n g l e r (Lophius, fig. 102 , 54, 55). 

T h e ossicles ca l led carpals are u s u a l l y f o u r or five i n number , 

as i n the C o d t r i b e , fig. 8 1 , 56; t h e y progress ive ly increase i n 
l e n g t h f r o m the u l n a r t o the r ad i a l side o f the carpus, especial ly 
i n the P a r r o t - f i s h (Scarus) and the M u l l e t s (Mugil). T h e y are 
th ree i n n u m b e r and e longated i n the P o l y p t e r u s , fig. 103 , 56, 
b u t are reduced t o t w o i n n u m b e r , and more e longated i n the 
L o p h i u s , fig. 102, 56) ; thus t h e y r e t a i n i n t h i s species a n d i n t h e 
Sharks , fig. 104, t h e i r p r i m i t i v e f o r m o f ' r a y s ; ' b u t change t o b road 
flat bones i n the W o l f - f i s h , j u s t as the rays o f the opercu la r fin 
exchange t h a t f o r m i n the* Plagios tomes f o r b road a n d flat plates 
i n o r d i n a r y Osseous Fishes . 

T h e rays represen t ing the metacarpal and phalangial bones are, 
i n t he C o d , t w e n t y i n n u m b e r , and a l l so f t , j o i n t e d , a n d sometimes 
b i f u r c a t e at the d i s t a l end. T h e i r p r o x i m a l ends are s l i g h t l y 
expanded and over lap each o ther , b u t are so a r t i c u l a t e d as t o 
p e r m i t an ob l ique d i v a r i c a t i o n o f the rays t o the e x t e n t p e r m i t t e d 
b y the u n i t i n g fin-membrane, the combined ef fec t b e i n g a m o v e 
m e n t o f the fin, l i k e t h a t ca l led the c f e a t h e r i n g o f an oar. ' E a c h 
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so f t and j o i n t e d r a y spl i ts easily i n t o t w o halves as f a r as i t s base, 
and appears t o be essential ly a con jo ined pai r . 

I n the series o f Osseous Fishes the rays o f the pec to ra l and 
v e n t r a l f i n s o f fe r the same modi f ica t ions as those o f the med ian 
fins, o n w h i c h have been f o u n d e d the d i v i s i o n i n t o 6 M a l a c o p t e r y -
' g i a n s ' and £ A c a n t h o p t e r y g i a n s : ' i n the f o r m e r , t he last or u l n a r 
fin-ray, is u s u a l l y t h i c k e r t h a n the r e s t ; i n the l a t t e r i t is a lways 
a h a r d , u n j o i n t e d spine : i n some Fishes i t f o r m s a s t r ong p o i n t e d 
or serrated weapon (Silurus). I n the G u r n a r d s , fig. 82 , the th ree 
lowes t rays are detached and f r ee , l i k e t r u e fingers ; and are sof t , 
m u l t i - a r t i c u l a t e d , and l a rge r t h a n the r e s t ; t h e y are supp l i ed b y 
special nerves, w h i c h come f r o m the pecul ia r gang l ion ic enlarge
ments o f the spinal chord , and are organs o f e x p l o r a t i o n a n d o f 
subaqueous r e p t a t i o n . 1 I n a l l the G u r n a r d s the na t a to ry p a r t o f 
the pec to ra l member is o f large size; b u t i n one species (Dactylo
pterus) i t presents an unusua l expanse, and is able b y i t s s t roke to 
raise and sustain f o r a b r i e f p e r i o d the b o d y o f the fish i n the a i r . 
T h e pec to ra l fins present a s t i l l greater deve lopement i n the t r u e 
F l y i n g - f i s h (Exocoztus). 

I n some M a l a c o p t e r i and Gano ide i a segment analogous to a 
metacarpus m a y be d i s t ingu i shed b y m o d i f i c a t i o n o f s t r uc tu r e 
f r o m the phalangeal p o r t i o n o f the fin r a y s : i n the P o l y p t e r u s 
there are seventeen s imple c y l i n d r i c a l metacarpa l bones, fig. 103, 
57, the m i d d l e ones b e i n g the l o n g e s t : t hey sustain t h i r t y - f i v e 
d i g i t a l r ays , and are suppor ted b y 
carpa l bones, i b . 103, 56, o f w h i c h 
t w o are a lmost as r emarkab le f o r 
t h e i r l e n g t h as i n the L o p h i u s ; the 
t h i r d , shorter a n d broader , is wedged 
i n t o the interspace o f the t w o longe r 
ones, b u t does n o t d i r e c t l y j o i n the 
metacarpus . T h e carpus is suppor t ed b y a smal l rad ius , 55, and 
u l n a , 54, w h i c h a r t i cu l a t e d i r e c t l y w i t h t h e coracoid. A f u r t h e r 
approach to the h i g h e r condi t ions o f the pec to ra l m e m b e r is made 
b y the same F i s h i n the carpa l p o r t i o n p r o j e c t i n g f r e e l y f r o m the 
side o f the b o d y , as i n t h e L o p h i o i d Fishes . I n t h e Sa lmon , 
w h e r e e leven such metacarpals s u p p o r t t h i r t e e n or f o u r t e e n fin-
r ays , the carpus is shor t a n d consists o f f o u r bones. 

I n the P lag ios tomes t h e scapular a r ch is detached f r o m t h e oc
c i p u t , t he condi t ions o f i t s d i sp lacement b e i n g the m o r e v a r i e d and 
v i g o r o u s use, or the enormous expanse, o f the pec to ra l fin ; per -

1 CLIX. p. 46. 
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haps, also, the more poster ior pos i t ion o f the hea r t i n these Fishes . 
I n the Sharks and Chimaerae the a rch is loosely suspended b y 
l igaments f r o m the v e r t e b r a l c o l u m n : i n the R a y s the p o i n t o f r e 
sistance o f t h e i r enormous pec to ra l fins has a firmer, b u t somewhat 
anomalous a t tachment , b y the m e d i u m o f the coalesced uppe r ends 
o f the suprascapular pieces to the summi t s o f the spines o f the 
conf luen t an te r io r p o r t i o n o f the thorac ic abdomina l vertebrae. I n 
the Sharks the scapular a rch consists ch i e f ly o f the coracoid por
t ions , fig. 104, 52, w h i c h are conf luen t toge ther beneath the p e r i 
c a r d i u m w h i c h t h e y suppor t and d e f e n d ; the scapular ends o f the 
arch , connected to the coracoids b y l i g a m e n t , p r o j e c t f r e e l y u p w a r d , 
b a c k w a r d , and o u t w a r d . T o a pos ter ior p rominence o f the cora
co id car t i lage corresponding w i t h the anchylosed radius and u lna , 
i b . 54, 55, i n the L o p h i u s , there are a t tached, i n the D o g - f i s h and 
most o ther Sharks , three sub-compressed, sub-elongated carpal 

104 

Cartilages of the pectoral fin and arch of the Dog-fish (.Spinax acanthias) 

cartilages, the uppermost, ib. 56, the smallest, and styliform; it 
supports the uppe r or ou ter phalangeal r ay . T h e n e x t bone, i b . 56', 
is t he largest and t r i a n g u l a r , a t tached b y i t s apex to the a rch , and 
s u p p o r t i n g b y i t s base the m a j o r i t y o f the phalanges. T h e t h i r d 
carpal , i b . 56", is a smaller b u t t r i a n g u l a r car t i l age , a n d suppor ts 
s ix o f the l o w e r or r ad ia l phalanges. T h r e e j o i n t s (me taca rpa l 
and d i g i t a l ) complete each car t i l ag inous r a y or representa t ive 
o f the finger, i b . 57; and i n t o the outer surface o f the las t are 
inser ted the fine h o r n y rays or filaments, i b . 57", t h e homologues 
o f the claws and nai ls o f h ighe r V e r t e b r a t a , b u t w h i c h o n t h e i r first 
appearance, i n the present h i g h l y organised class o f F i shes , m a n i -
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fes t , l i k e o ther n e w l y i n t r o d u c e d organs, the p r i n c i p l e o f vege ta t ive 
r e p e t i t i o n , the re b e i n g three or f o u r h o r n y filaments to each c a r t i 
l ag inous u n g u a l pha lanx . 

O n the f o r e p a r t o f the coracoid arch , near to the prominence 
s u p p o r t i n g the fin, there are developed a v e r t i c a l series o f smal l 
b o n y c y l i n d r i c a l n u c l e i i n the substance o f the car t i lage i n most 
Sharks . I n the Rays the coraco-scapular a rch f o r m s an en t i r e 
c i rc le or g i r d l e a t tached to the dorsal spines: i t consists o f one 
con t inuous car t i lage i n the Rhinobates, b u t i n o ther R a y s is d i v i d e d 
i n t o coracoid, scapular, and suprascapular por t ions , t he l a t t e r 
u n i t e d toge ther b y l i gamen t . T h e scapula and coracoid expand 
a t t h e i r ou te r ends, whe re t h e y j o i n each other b y th ree po in t s , t o 
each o f w h i c h a car t i lage is a r t i cu l a t ed homologous to the th ree 
above descr ibed i n the Shark , and w h i c h i m m e d i a t e l y sustain the 
fin-rays. T h e poster ior car t i lage answer ing to the uppe r one i n 
the Sha rk curves b a c k w a r d and reaches the v e n t r a l fin: t he an
t e r i o r car t i lage curves f o r w a r d , and i t s e x t r e m i t y is j o i n e d b y the 
a n t o r b i t a l process as i t proceeds to be at tached to the end o f the 
r o s t r a l c a r t i l a g e ; the m i d d l e p r o x i m a l car t i lage is compara t i ve ly 
shor t and crescentic, and sustains about a s i x t h p a r t o f the fin-rays, 
w h i c h are the longest , t he rest b e i n g suppor ted b y the an te r io r 
a n d poster ior carpals, and g r a d u a l l y d i m i n i s h i n g i n l e n g t h as t hey 
approach the ends o f those cart i lages. 

D e v e l o p e m e n t b y i r r e l a t i v e r e p e t i t i o n o f par ts reaches a m a x i m u m 
i n the present p lagios tomous g r o u p . I n the common R a y , fig. 64 , 
there are upwards o f a h u n d r e d m a n y - j o i n t e d fingers i n each pec tora l 
l i m b : b u t a l l are b o u n d u p i n a c o m m o n f u n c t i o n o f the s imples t 
k i n d . 

§ 40 . Pectoral limb of Reptiles. — T h e o ther r o u t e o f develope
m e n t f r o m the p r o t o t y p a l c o n d i t i o n e x e m p l i f i e d i n fig. 1 0 1 , A a n d 
C, leads to a d i f f e r e n t i a t i o n o f the several d iv is ions and par ts o f the 
l i m b , and t h e i r adap ta t ion to p a r t i c u l a r f u n c t i o n s or par ts o f com
b i n e d and v a r i e d mechan ica l act ions. 

T h e first step, as man i f e s t ed i n the A m p h i u m e , i b . B , C , is the 
f o r m a t i o n o f a l o n g i n f l e x i b l e segment , as a l ever o f grea ter resis t
ance, 53 and 65; t h i s is f o l l o w e d b y a pa i r o f s imi l a r , b u t shor ter 
c y l i n d r i c a l bones, each sus t a in ing a r a y o f f e w j o i n t s . T h e 
p r o x i m a l bone assumes t h r o u g h u l t e r i o r developements the special 
name ' humerus , ' or a rm-bone , w i t h the s y m b o l 53, i n the f o r e 
l i m b ; and o f ' f e m u r , ' or t h i g h - b o n e , w i t h the s y m b o l 65, i n the h i n d 
l i m b . T h e t w o bones o f the n e x t segment become, i n the f o r e 
l i m b , ' r ad ius , ' 54, and ' u l na , ' 55 — c o l l e c t i v e l y , a n t i b r a c h i u m or 
' f o r e - a r m ; ' i n t h e h i n d l i m b , t i b i a , 66, fibula, 67 — c o l l e c t i v e l y , 
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the cnemion or l eg . T h e mass o f fibro-cartilage, i n w h i c h 
more or f e w e r ossicles are subsequent ly developed, in terposed 

be tween the a n t i b r a c h i u m and t e r m i n a l 
rays , is t he ' carpus, ' 56: the corre
spond ing mass i n the h i n d l i m b is the 
tarsus, 68. T h e t e r m i n a l rays are the 
d i g i t s , ca l led ' h a n d , ' and ' f i n g e r s , ' 69, 
i n the f o r e l i m b ; ' f o o t ' and ' toes ' i n 
the h i n d l i m b . T h e p r o x i m a l j o i n t s o f 
these rays , b e i n g b o u n d toge ther i n a 
sheath o f i n t e g u m e n t , are d i f fe ren t i a ted 
as ' metacarpals ' i n the hand , and ' meta
tarsals ' i n the foo t . T h e other j o i n t s 
are the ' phalanges, ' u l t i m a t e l y d i s t i n 
guished as ' p r o x i m a l , ' ' m i d d l e , ' ' d i s t a l ' 
or ' u n g u a l , ' as u s u a l l y s u p p o r t i n g a c l aw 
or n a i l . 

I n the e x t i n c t Ganocephala, and i n the 
f e w s u r v i v i n g i c h t h y o m o r p h o u s or per-
ennibranchia te Ba t r ach i a , the s imple 
t y p e o f l i m b , as i n fig. 1 0 1 , B , is r e 
t a i n e d ; o n l y t h a t the d i g i t a l rays i n 
crease i n n u m b e r f r o m the ' t w o ' i n 
Amphiuma, to ' t h r e e ' i n Proteus, and 
to ' f o u r ' i n Menopoma, fig. 4 3 , 57, and 
Axolotes. 

I n the e x t i n c t Ichthyopterygia t he d i g i t s 
m a y be seven, e igh t , or n i n e i n n u m b e r , 
and consist o f numerous shor t j o i n t s — 
a s ign i f i can t m a r k o f p isc ine a f f i n i t y : 
t h e y are b o u n d toge ther , b u t converge 
towards a p o i n t : t he j o i n t s are o f a flat
t ened angula r f o r m , and i n t e r l o c k w i t h 
those o f the cont iguous d i g i t , the w h o l e 
f o r m i n g a con t inuous , b r o a d , s l i g h t l y 
flexible basis o f suppor t t o the fin. T h e 
essential d i s t i n c t i o n f r o m t h e fin o f the 
fish is shown b y the w e l l developed 
' h u m e r u s , ' 53, and b y the c o m p l e x sca
p u l a r arch. T h e t w o a n t i b r a c h i a l bones 
r e t a i n the piscine shortness a n d b r e a d t h ; 
and the metacarpa l series is less d i s t i n c t l y 

cast of spiral intestine, OLXIH. de f ined t h a n i n some fishes. 

\ 

i 
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T h e scapula, 51, is shor t and s t r a igh t , displaced b a c k w a r d f r o m 
the occ ipu t , and c o n t r i b u t i n g to f o r m the shou lde r - jo in t , as i n the 
Batrachia and h i g h e r air-breathers : b u t i t shows a ce r ta in b read th 
and flatness. T h e coracoid, 52, is s t i l l broader, n o t car t i lag inous 
as i n mos t perennibranchs , b u t w e l l ossified, and u n i t e d b e l o w 
w i t h i t s f e l l o w , and w i t h a smal l e e p i s t e r n u m ' o f a t r i r ad i a t e 
f o r m , one r a y o f w h i c h is wedged i n t o the fo re p a r t o f the 
i n t e r c o r a c o i d fissure. T h e r e is also a pa i r o f bones, 50, l o n g and 
slender, a r t i c u l a t e d w i t h the f o r e border o f the scapula and the 
t ransverse rays o f the e p i s t e r n u m : t h e y are the clavicles. A 
s u p p l e m e n t a r y flattened bone, the e epicoracoid, ' is wedged be tween 
t h e scapula, c l av ic le , and coracoid. T h e above complex a n d 
p o w e r f u l scapular a rch w o u l d enable the fore-paddles to act u p o n 
the l a n d w i t h su f f i c i en t p o w e r to ef fec t a s h u f f l i n g f o r w a r d m o v e 
m e n t o f the b o d y , as i n the T u r t l e ( Chelone) and Seal t r i b e : b u t 
the m a i n off ice o f the f o r e - l i m b i n the I c h t h y o s a u r was t h a t o f a 
pec to ra l fin. 

I n the Plesiosaurus, fig. 4 5 , the l i m b s acqu i red a developement 
more c losely accordant w i t h t h a t i n Chelone. T h e scapula, 51, 
developes an ac romia l process rep resen t ing the c lav ic le . T h e 
coracoid , 52, is u n u s u a l l y ex tended i n the t r u n k ' s axis , and is u n i t e d 
w i t h i t s f e l l o w b y a l o n g symphys i s in te rposed be tween the an
t e r i o r abdomina l r i b and the ep i s t e rnum ; i t a r t icula tes at i t s f o r e 
p a r t w i t h the ep i s t e rnum and c l av i cu l a r process, and, f u r t h e r back , 
w i t h the l o w e r end o f the scapula to f o r m the h u m e r a l j o i n t . 

T h e h u m e r u s is p r o p o r t i o n a l l y longe r t h a n i n Ichthyosaurus; 
t he rad ius is be t t e r developed, and s l i g h t l y expanded at b o t h ends ; 
t h e u l n a re ta ins a flattened r e n i f o r m shape. T h e carpa l series is 
d i s t i n c t , i n a doub le r o w o f ossicles, the la rges t at the r a d i a l side 
o f t he w r i s t , t he opposi te side r e t a i n i n g more unoss i f ied m a t e r i a l . 
T h e d ig i t s are five i n n u m b e r , w i t h the p r o x i m a l and more e longated 

j o i n t s r ep resen t ing a metacarpus . T h e phalanges are shorter , a n d 
decrease i n size to t h e t i p s o f t h e d i g i t s , w h i c h converge. T h e 
first or r a d i a l d i g i t has g e n e r a l l y 3 phalanges, the second f r o m 5 
t o 7, the t h i r d 8 o r 9, t he f o u r t h 8, t he fifth 5 or 6 : a l l are flattened 
a n d i n c l u d e d i n a c o m m o n sheath o f i n t e g u m e n t l i k e those o f the 
T u r t l e ; b u t the paddle h a d no claws. 

T h e scapular a r c h re ta ins the same essential s i m p l i c i t y i n the 
C h e l o n i a n as i n t h e S a u r o p t e r y g i a n order , o n l y t h e ac romia l or 
c l a v i c u l a r process is r e l a t i v e l y longer , m o r e l i k e a co l la r b o n e ; i t 
ex tends f r o m near the a r t i c u l a r p a r t o f the scapula t o w a r d the 
m e d i a n l i n e , i n advance o f the coracoid , f i g . 5 1 , 0 , w i t h t h e 
m e d i a l end l i g a m e n t o u s l y a t tached t o the epis terna l . I n the 
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To r to i s e ( Testudo) i t is shorter , i n Chelys, fig. 106, b, i t is longer 
t h a n the scapula, a. T h i s bone i n a l l Chelonians is a s t rong , s t ra igh t 
co lumnar one, w i t h the upper end connected b y l i g a m e n t w i t h the 
i n n e r surface o f the first costal p la te , fig. 5 1 , N ; i t descends almost 
v e r t i c a l l y t o the shou lder - jo in t , o f w h i c h i t f o r m s , i n common w i t h 
the coracoid, the ' g l e n o i d ' c a v i t y , fig. 106, g. T h e coracoid, 
s u t u r a l l y u n i t e d a t t h a t end w i t h the scapula, passes i n w a r d and 
b a c k w a r d , fig. 5 1 , O, expand ing and becoming flattened at i t s 
med ian end, w h i c h does n o t mee t i t s f e l l o w n o r a r t i cu la te w i t h 
the s t e rnum. T h e coracoid is b road and shor t i n the T o r t o i s e ; 

l o n g and slender i n Chelone and 
Emys, fig. 5 1 , O, o f in termedia te 
p ropor t ions i n Trionyx and Chelys, 
fig. 106, c. T h e scapular arch 
and p r o x i m a l p a r t o f the l i m b being 
i n c l u d e d i n the thorac ic abdominal 
box , the h u m e r u s is pecu l i a r ly 
ben t and t w i s t e d i n the terres
t r i a l species i n order t o emerge 
f r o m the f r o n t fissure, and p l an t 
the f o o t o n the g r o u n d , fig. 5 1 , 
p . I n the Tor to i se the o rd ina ry 
pos i t ion o f the f o r e - l i m b is t ha t 
o f ex t reme p r o n a t i o n , w i t h the 
olecranon f o r w a r d and o u t w a r d , 
and the r ad i a l side o f the h a n d 
d o w n w a r d . T h e capsule o f the 
shou lde r - jo in t inc ludes a consider
able p a r t o f t h e neck o f t h e 

humerus . T h e hemisphero id head projec ts u n u s u a l l y f r o m t h e 
back p a r t o f the bone, w h i c h looks u p w a r d : the tuberos i t ies 
are la rge and ben t t o w a r d the pa lmar aspect : t h a t w h i c h is 
i n t e r n a l i n most animals is here ' p o s t e r o - s u p e r i o r ; ' t h a t ca l led 
' e x t e r n a l ' is ' po s t e ro - in t e rna l ' i n pos i t ion ; f r o m the f o r m e r is 
con t inued the ' de l t o id crest. ' T h e d i s t a l end is expanded and 
ra the r flattened f r o m before b a c k w a r d . I n the T u r t l e the h u m e r a l 
shaf t and i t s l o w e r end is compressed l a t e r a l l y : and the bone 
is almost s t ra igh t i n those mar ine species ; i n a l l Che lon i a i t is 
sol id t h r o u g h o u t . T h e u l n a is shorter , and i n t h e T u r t l e , fig. 
107, b, the olecranon is less developed t h a n i n the T o r t o i s e , fig. 108, 
b, 55. T h e contrast be tween the marchers a n d the s w i m m e r s is 
most s t r i k i n g i n the p ropor t ions o f the toes. I n t h e T u r t l e , 
fig. 107, the po l l ex , i, is shor t and has t w o phalanges a f t e r the 
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m e t a c a r p a l : the last pha l anx s u p p o r t i n g a c law. T h e three 
m i d d l e d i g i t s , ii, Hi, iv, have each three l o n g phalanges, the 
last b e i n g flattened and w i t h o u t a c l a w ; the fifth has t w o pha
langes. A l l these are connected toge ther b y a web . I n the 
To r to i s e , fig. 108, a l l the toes are v e r y shor t and s u b e q u a l ; a n d 
each has one metacarpa l and t w o phalanges, the last s u p p o r t i n g a 
c l a w ; t h e f e w species i n w h i c h the fifth has b u t one pha l anx 
a n d no c l aw f o r m the genus Homopus, D u m . and B i b . I n 
Emys europcea, fig. 5 1 , T, U , the first and fifth d ig i t s have each a 
metacarpa l and t w o pha langes ; the others have three phalanges ; 
the last bears a c l aw i n each d i g i t . I n the S o f t or M u d - t u r t l e s , 
the p o l l e x has t w o phalanges, t he 
second w i t h a c l a w ; the three m i d d l e 
d ig i t s have each three phalanges, 
b u t o n l y the i n d e x and medius have 
the c l a w ; the fifth d i g i t has t w o 
phalanges a n d no c l aw, whence 
the gener ic name Trionyx, proposed 
f o r these f r equen te r s o f the m u d d y 
es tuary . 

I n the C r o c o d i l i a the scapular a rch 
consists o f a s imple scapula, fig. 57 , 
51, and coracoid, i b . 52, and fig. 54 , 
8 : these compressed, n a r r o w , mode
r a t e l y l o n g plates o f bone, are 
t h i ckes t w h e r e t h e y are u n i t e d t o 
ge ther t o f o r m the g l e n o i d c a v i t y 
f o r the humerus . I n each, the bone 
contracts b e y o n d t h e a r t i c u l a r ex 
pansion, becomes s u b - c y l i n d r i c a l , 
b u t soon again flattens and expands 
t o i t s opposite e n d ; t h a t o f the sca
p u l a is f r e e , t h a t o f t h e coracoid 
j o i n s t h e l a t e r a l bo rde r o f the ster
n u m . T h e r e is no t race o f c lav ic le , 
no ac romia l p r o j e c t i o n f r o m the sca
pu la . 

T h e humerus , fig. 5 1 , 53, presents t w o curves : the a r t i c u l a r head 
is a t ransverse ly e longated , sub-ova l c o n v e x i t y ; i t is c o n t i n u e d 
u p o n the short , obtuse, angu l a r p rominence , a n s w e r i n g to the i n n e r 
o r u l n a r t u b e r o s i t y . T h e r a d i a l crest begins t o p r o j e c t f r o m the 
sha f t a t some distance f r o m the head o f the bone. T h e r e is a 
l o n g i t u d i n a l r i d g e o n the anconal surface close t o the r a d i a l border . 

Bones of fore-arm and paddle, Clielone. CLI. 
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I I I III iv v 
Land Tortoise, CLI 

T h e d is ta l end is t ransverse ly ex tended and d i v i d e d a n t e r i o r l y 
i n t o t w o condyles . T h e shaf t has a m e d u l l a r y 
c a v i t y smal ler t h a n i n l a n d l izards . T h e rad ius , 
fig. 57 , t, fig. 109, b, 54, has an o v a l head, an 
almost c y l i n d r i c a l and s t r a igh t shaf t , w i t h an 
ob long and subcompressed d i s ta l end. T h e u lna , 
fig. 57 , s, fig. 109, a, 55, a r t icu la tes w i t h the 
outer condyle o f the humerus b y an ova l facet , 
the t h i c k convex border o f w h i c h swells o u t be
h i n d l i k e the b e g i n n i n g o f an e o l e c r a n o n ; ' the 
shaf t o f the u l n a is compressed t ransverse ly and 
curves s l i g h t l y o u t w a r d ; the d i s ta l end is less 
t h a n the p r o x i m a l one, and ar t icula tes w i t h the 
second and t h i r d bones o f the carpus. T h e first 

metacarpal supports t w o phalanges, I , the second three , I I , the 
t h i r d and f o u r t h , each f o u r , the fifth, v , th ree phalanges w h i c h 

are v e r y s lender ; b u t the p ropor t ions are shown 
i n the c u t ; o n l y the toes, I , n , and i n , have the 
c law. A l l are basal ly u n i t e d b y a shor t w e b , 
b u t the fo r e - foo t is c h i e f l y used i n movements 
u p o n l and . 

I n the M o n i t o r ( Varanus niloticus) t he supra
scapula is a b road semiossified p l a t e : t he 
scapula is shor t and b road , and appears to 
have coalesced w i t h the coracoid. T h i s bone 
is m u c h expanded, and has t w o deep notches 
a n t e r i o r l y , and a p e r f o r a t i o n near the h u m e r a l 
a r t i c u l a t i o n . I n some L i z a r d s i t sends f o r 
w a r d an ac romia l process. T h e coracoid is 
shorter and broader t h a n i n t h e Crocod i l e , 
abuts against the u p p e r m a r g i n o f t h e r h o m -
bo ida l s t e r n u m , and sends o f f t w o processes 
f r o m i t s an te r io r border , t he one n e x t t h e sca
p u l a a b u t t i n g against the t ransverse b r a n c h o f 
the e p i s t e r n u m ; the o ther against t h e sub-
ossified ep icoraco id : t h i s e lement over laps t h a t 
o f the opposite side. I n t h e M o n i t o r , as i n 

\ ^ Iffi* most L i z a r d s , there are d i s t i n c t c l a v i c l e s : u s u 
a l l y l o n g and slender bones, w i t h more or less 

Bones of fore-arm and expanded ex t r emi t i e s , e x t e n d i n g f r o m the b o d y 
o f the ep i s t e rnum and accompany ing the t r ans 

verse b r a n c h t o abu t against the scapula ; and sometimes also 
r each ing the ou te r process o f the coracoid. I n Lacerta, C u v . 
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and Scincus, t he c lav ic le expands at i t s m e d i a l ha l f , w h i c h has a 
l a rge v a c u i t y or p e r f o r a t i o n occupied b y membrane . I n t h e 
Chameleon the scapular a rch is 
as s imple as i n the Crocod i l e , n o 
b u t the coracoid is shor ter and 
broader . 

T h e humerus i n L a c e r t i a n s is 
u s u a l l y l a rge r and s t ra ighter , fig. 
50 , Draco volans, t h a n i n the 
Crocodi les , w i t h a more compact 
w a l l and w i d e r m e d u l l a r y c a v i t y . 
T h e rad ius , i b . and fig. 110, b, 
54, is a lmost s t r a igh t , and slender, 
w i t h an ova l p r o x i m a l a r t i c u l a r 
concav i ty , and a d i s t a l surface 
p a r t l y convex , p a r t l y concave. 
T h e u l n a , fig. 110 , a, 55, shows 
the o lecranon be t t e r developed 
t h a n i n the C r o c o d i l e : i t s d i s 
t a l a r t i c u l a r surface is convex . 
T h e d i g i t s are five i n n u m b e r , 
t h e phalanges are 2 , 3 , 4 , 5 and 3, 
c o u n t i n g f r o m t h e metacarpa l o f 
the first t o t h a t o f the fifth d i g i t : 
each has a Claw Supported On Bonds of fore-arm and foot, Chameleon, CLI. 
a modera t e ly l o n g , compressed, 
c u r v e d , and p o i n t e d pha lanx . T h e Chameleon offers an excep t ion 
t o t h e n u m e r i c a l r u l e , t he phalanges b e i n g 2 , 3, 4 , 4 , 3 ; and the 
d i r e c t i o n o f t h e d i g i t s m o d i f i e d f o r the scansorial f u n c t i o n i n these 
a rborea l L a c e r t i a n s : I , n , a n d i n , enveloped b y the s k i n as f a r 
as the c laws, are d i r ec t ed f o r w a r d ; i v , and V , s i m i l a r l y sheathed, 
are d i r ec t ed b a c k w a r d : a n d the j o i n t s are shor ter and broader t h a n 
i n L a n d - l i z a r d s . 

T h e f o r e l i m b s i n Draco volans accord w i t h the u sua l l ace r t i an 
t y p e , a n d t ake no share i n the s u p p o r t o f the parachute . B u t 
i n the e x t i n c t o rder o f t r u l y v o l a n t R e p t i l e s (Pterosauria) t h e y 
w e r e m o d i f i e d f o r the exc lus ive suppor t a n d service o f the w i n g s . 
T h e scapula, fig. I l l , 51, l o n g , n a r r o w , flattened, a n d s l i g h t l y 
expanded , l a y m o r e p a r a l l e l w i t h t h e spine t h a n i n l a n d and sea 
R e p t i l e s . T h e coracoid , s t r o n g a n d s t r a i g h t , a n d c o m b i n i n g , as 
u sua l , w i t h the scapula t o f o r m the g l e n o i d c a v i t y , a r t i c u l a t e d a t 
t h e opposi te end w i t h a g roove a t t h e f o r e - p a r t o f a d i sco id 
s t e r n u m , w h i c h p a r t is p roduced and kee led . T h e h u m e r u s , i b . 
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53, is more expanded at i t s p r o x i m a l end t h a n i n the Crocodi le or 
L i z a r d ; the i nne r ( u l n a r ) t u b e r o s i t y is more p r o m i n e n t , the r ad i a l 
crest m u c h more deve loped : w i t h a base coextensive w i t h one 
fifth o f the shaf t o f the bone, i t extends i n a greater p r o p o r t i o n 
f r o m the shaf t , a f f o r d i n g a p o w e r f u l l ever t o the muscles inser ted 
i n t o i t . T h e a r t i c u l a r head is r e n i f o r m . T h e shaf t is c y l i n d r i c a l : 

Skeleton of Pterodactylus crassirostris. A. Restoration of Pterodactyle. CLXXX. 

the walls thin and compact, the cavity large, and was filled with 
a i r as i n b i rds o f flight.1 

T h e e pneumat ic f o r amen , ' or t h a t b y w h i c h the a i r passed f r o m 
a cont iguous a i r - c e l l i n t o the bone, is s i tua ted o n the fo re ( p a l m a r ) 
side, a l i t t l e be low the r a d i a l end o f the head o f the bone. T h e 
rad ius , i b . 54, and u l n a , i b . 55, are v e r y l o n g , s t r a igh t , and closely 
connected together . T h e d ig i t s show the l a c e r t i a n n u m b e r o f 

1 CXLIX. p. 16. ixxvr. p. 451. This discovery breaks down the following 
distinction: ' Au reste, on distingue toujours 1'humerus d'un lezard de celui d'un 
oiseau, parceque le premier n'est pas crcux ni pcrce de trous pour l'entree de fair 
dans son interieur.' CLI. V. pt. 2, p. 296. 
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phalanges f r o m the first t o the f o u r t h , and s l i g h t l y increase i n 
l e n g t h : each t e r m i n a t e d b y a deep compressed, c u r v e d a n d 
p o i n t e d u n g u a l pha lanx . T h e m o d i f i c a t i o n c o n v e r t i n g the l i m b 
i n t o a w i n g is con f ined to and concentra ted u p o n the fifth d i g i t , i b . 
5: i t s me taca rpa l presents a lmost the thickness o f an an t ib r ach i a l 
b o n e : the p r o x i m a l pha lanx , o f equa l th ickness , has more t h a n 
t w i c e the l e n g t h , and at the p r o x i m a l j o i n t shows a process l i k e 
an o lecranon. T h i s is u s u a l l y f o l l o w e d , as i n Pterodactylus 
crassirostris, b y th ree s i m i l a r l y e longated phalanges, o f w h i c h the 
las t g r a d u a l l y tapers to a po in t . T h e f o r e l i m b thus exceeds i n 
l e n g t h the w h o l e body , and is p resumed to have suppor ted a 
membranous w i n g , as i n the ske tch A , fig. 1 1 1 . 

Such are the c h i e f modi f i ca t ions b y w h i c h the f o r e - l i m b , i n the 
R e p t i l i a n series o f cold-blooded ai r -breathers is or has been 
adapted f o r aquat ic , amphib ious , t e r r e s t r i a l , a rborea l , and aer ia l 
l i f e . B e f o r e , however , q u i t t i n g th i s subject , i t m a y f ac i l i t a t e the 
comprehension o f the homologies o f the carpa l series o f ossicles, 
b y c o n c l u d i n g w i t h a separate and serial r e v i e w o f t h e m i n the 
R e p t i l i a n g r o u p . 

I n the T o a d (Bufo) t he carpus inc ludes e igh t bones : the t w o 
p r i n c i p a l are the ' l una re , ' fig. 4 4 , c, 7, and ' cune i fo rme , ' i b . c, 
respec t ive ly a r t i c u l a t i n g w i t h the r ad i a l and u l n a r d iv is ions o f the 
an t i b r ach i a l bone, i b . 54, 55; the scaphoid, c, s, presents i t s e i n t e r 
m e d i a l ' pos i t i on be tween the l una re and the f o u r ossicles o n the 
r a d i a l side o f the d i s t a l series : these consist o f the t r a p e z i u m t, 
t rapezoides tr, m a g n u m m, and the d ivis ions o f the u n c i f o r m u £or 
the f o u r t h and fifth d i g i t s ; t h a t f o r the fifth b e i n g the larges t 
o f the five bones. T h e t h u m b , I , is represented b y i t s metacarpa l 
o n l y ; the i n d e x , fig. 4 4 , A , I I , a n d medius , i n , have each a 
metacarpa l w i t h t w o pha langes ; the d ig i t s i v and v have each 
th ree phalanges. 

I n the Tor to i se (Testudo, fig. 108 ) , t he a n t i b r a c h i u m ar t icu la tes 
w i t h three carpals f o r m i n g the p r o x i m a l r o w ; the first or r a d i a l 
bone, i b . a, answers t o the e s capho id ' w i t h the ' i n t e r m e d i u m ' e ; 
t h e second i b . c, t o the l una re ; t he t h i r d , i b . d, t o the cune i 
f o r m e ; the l una re b e i n g in te rposed b e t w e e n the ends o f the rad ius 
a n d u lna . I n the Emys, fig. 5 1 , s, t he carpus has a s imi l a r s t ruc 
t u r e ; b u t i n some species there is a d i s t i n c t p i s i fo rme . I n the 
T u r t l e ( Chelone), the scaphoid is r educed i n size, a n d represents 
o n l y the i n t e r m e d i u m , fig. 107 , e; i t is separated b y the l u n a r e 
c, f r o m the radius a, and is pushed i n t o a pos i t i on analogous to 
t h a t w h i c h i t s h o m o t y p e the e n a v i c u l a r e ' holds i n the m a m m a l i a n 
tarsus. W i t h o u t the l i g h t f r o m the t e s t u d i n a t e m o d i f i c a t i o n , 

V O L . i . s 
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fig. 108, the bone c, fig. 107, m i g h t be t a k e n f o r a connate 
* scapholunar. ' I n b o t h tor to ise , te r rapene, and t u r t l e , the d is ta l 
r o w o f carpals consists, as i n the T o a d , o f five bones, one to each 
o f the five metacarpals . A b o u t t h e i r h o m o l o g y there is no d i f f i 
c u l t y ; the bone, fig. 107, l , w h i c h supports the p o l l e x , l , is the 
t r a p e z i u m ; the n e x t 2, the t rapezoides ; the t h i r d 3, t he m a g n u m ; 
and the f o u r t h and fifth are the t w o par ts s h o w i n g the type-state 
o f the connate bones, cal led ' u n c i f o r m ' i n mammals . A bone 
analogous to a ' p i s i f o r m , f , fig. 107, is a t tached to the u lna r 
d i v i s i o n , 5, o f the u n c i f o r m , and , u s u a l l y , also ar t icu la tes w i t h the 
c u n e i f o r m i n the T u r t l e . I n Chelys and Trionyx, the bone 
answer ing to a, e, fig. 108, is d i v i d e d ; the p a r t , e, answer ing to 
the ' i n t e r m e d i u m ; ' Trionyx has also a ' p i s i f o r m . ' T h e carpus 
i n most Lace r t i ans , e. g . i n Varanus niloticusl, has the scaphoid 
reduced, as i n Chelone, t o the i n t e r m e d i a l p o r t i o n ; b u t the t rape
z i u m uni tes d i r e c t l y w i t h the l una re , and th i s ar t icula tes e x c l u 
s ive ly w i t h the radius , s i m u l a t i n g t h e scaphoid i n p o s i t i o n ; i t 
has, however , o n i t s u l n a r side, t he ' c u n e i f o r m ' a r t i c u l a t i n g w i t h 
the u l n a , and a ' p i s i f o r m ' te rminates the p r o x i m a l r o w . T h e 
d i s t a l r o w consists o f five d i s t i nc t bones ; the u n c i f o r m be ing 
d i v i d e d , as i n Chelonians . I n the Chameleon , fig. 110, the 
p r o x i m a l carpa l series consists o f the bones c and d, answer ing to 
the t w o respec t ive ly a r t i c u l a t i n g w i t h the radius and u l n a i n 
Varanus, and w i t h those m a r k e d c and d i n figs. 107 and 108. 
T h e second carpa l r o w has received t w o in te rp re ta t ions . I n one 
t h e y are represented b y the five subelongate bones h a v i n g the 
d i s ta l j o i n t s o f metacarpals ; i n the o ther t h e y have coalesced i n t o 
the s ingle bone c, w h i c h o therwise w o u l d be m e r e l y an en la rged 
' i n t e r m e d i u m . ' T\ r e shal l a f t e rwards see h o w the p r i n c i p l e o f 
' serial h o m o l o g y ' helps i n the so lu t i on o f such problems. T h e 
five bones r a d i a t i n g f r o m the bone c are me taca rpa l s ; t h e first 
supports t w o , the second th ree , the t h i r d f o u r phalanges, as i n o ther 
Lace r t i ans ; and the e q u a l i t y o f l e n g t h i n the oppos ing pa i r o f 
d i g i t s , i v and v , is preserved b y the deduc t ion o f a pha l anx f r o m 
the l ace r t i an number . 

T h e correspondence o f the Chameleon's scapular a rch w i t h t h a t 
o f the Crocodi le has been adver t ed t o ; and , s i m i l a r l y , t he d i s ta l 
r o w o f carpals is reduced to a s ingle bone, fig. 109, / , i n the 
Crocod i l e , s u p p o r t i n g the med ius , i n , annu la r i s , i v , and m i n i m u s , 
v , d i g i t s ; and answer ing to the m a g n u m a n d u n c i f o r m e connate. 
T h e p r o x i m a l r o w includes three bones answer ing to the l una re , 
c, and cune i fo rme , d, i n Chelone, fig. 107, a n d Chameleo, fig. 110 ; 

1 CLI. pi. xv i i , fig. 45. 
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to w h i c h is added a p i s i fo rme , fig. 109, e, i n the usua l pos i t ion . 
T h e p e c u l i a r i t y o f the bones c and cl i n Crocodilia, is t h e i r unusua l 
l e n g t h , s h o w i n g a cons t r i c ted shaf t be tween the expanded ends, 
t hus s i m u l a t i n g metacarpals i n shape, f o r w h i c h , w h e n f o u n d as 
detached fossi ls , t h e y have been mis taken . 

T h e d i g i t s i n the class Reptilia are gene ra l ly characterised b y 
a progressive increase i n the n u m b e r o f t he i r j o i n t s , f r o m the first 
o r i nne rmos t t o the t h i r d or f o u r t h ; the Chelonia b e i n g the c h i e f 
except ions. I n Testudo, fig. 108, each d i g i t has one metacarpa l 
and t w o pha langes ; i n Test, tabulata the fifth d i g i t has b u t one 
p h a l a n x . 1 

§ 4 1 . Pelvic arch and limb of Fishes. — Some cold-b looded ve r t e 
brates , e'. g . Muraenoids and Ophid ians , have ne i the r f o r e nor h i n d 
l i m b s . I n a f e w , e. g . Anguillidce, Gymnoti, 
Xiphias, Siren, the scapular a rch and l i m b s 
are present , b u t n o t the pe lv i c a r ch and l imbs . 
I n most fishes the l a t t e r exis t , b u t less deve
l o p e d t h a n the pec to ra l ones, and less fixed i n 
pos i t ion . 

O n l y the haemapophysial p o r t i o n o f the 
p e l v i c a r ch is developed i n connec t ion w i t h 
t h e d i v e r g i n g appendages, t e r m e d i n Fishes the 
' v e n t r a l fins.' T h e i r rays i n osseous fishes, 
fig. 112, 68, are d i r e c t l y suppor t ed b y the bones, 
68, w h i c h , u n i t i n g toge ther , near the p o i n t o f 
a t t achmen t o f the fins w i t h o u t an i n t e r v e n i n g 
bone, resemble t h e i r homotypes , the coracoids ; 
b y v i r t u e o f w h i c h e ser ial homology , ' w e i n f e r 
t h e i r special one w i t h the ischia o f h i g h e r 
animals . E a c h bone is a s u b t r i a n g u l a r p la t e , s u p p o r t i n g the 
fin b y i t s expanded e n d ; and , e i ther suspended i n the flesh, 
as i n the S a l m o n and S t u r g e o n , fig. 29 , v , or a t tached b y the 
n a r r o w e r end t o the coracoid, 52, as i n the C o d , fig. 36 , 63. T h e 
representa t ives o f t a r sa l , t i b i a l , and f e m o r a l bones, are w a n t i n g i n 
a l l F i shes . I n A c a n t h o p t e r a n s one or more o f the an te r io r r ays 
o f t he v e n t r a l fin m a y be h a r d u n j o i n t e d spines, as i n the o ther 
fins; i n Ma lacop te rans a l l the v e n t r a l rays are so f t , m u l t i a r t i -
cu la te , and b i f u r c a t e . 

I n no fish is t h i s incomple te pe lv i c a rch d i r e c t l y a t tached to the 
v e r t e b r a l c o l u m n . I f w e m a y j u d g e f r o m the pos i t i on i n w h i c h 
t h e v e n t r a l fin appears i n the deve lopement o f the e m b r y o fish, as 

1 X L I V . p. 205, No. 1079 : see also pp. 206, 207, Nos. 1079, 1083, 1087, 1091, 
1093, for further details of the bony structure of the fore foot in Chelonia. 

Pelvic arch and limbs, 
Trout (Salmo) 
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a little bud attached to the skin of the belly, and from the fact 
t h a t a l l the fishes i n the geologica l f o r m a t i o n s an te r io r to the 
cha lk are abdomina l , t h a t is , have the v e n t r a l fins near the pos
t e r i o r end o f the abdomen, as i n the S tu rgeon , fig. 29 , v , w e may 
conclude t h a t the s u p p o r t i n g bones are, essent ial ly, the haemapo
physes o f the last r i b - b e a r i n g (o r p e l v i c ) abdominal ver tebra . 
B e i n g suspended more or less f r e e l y f r o m the under or v e n t r a l pa r t 
o f the body , these fins are subject to g rea t d i v e r s i t y o f pos i t ion i n 
r e l a t i o n to the t w o extremes o f the abdomen. O n these differences 
Linnaeus based his p r i m a r y class i f icat ion o f F i s h e s ; he u n i t e d 
together , f o r example , those fishes w h i c h have the pe lv ic or 
v e n t r a l f ins near the anus, fig. 29 , to f o r m the order ca l led 'Pisces 
Abdominales;' those w i t h the v e n t r a l fins beneath the pectorals, 
fig. 38 , i n t o an order cal led ' Pisces Thoracici;' and those w i t h 
the ventra ls i n advance o f the pectorals , fig. 34 , v , i n t o an order 
ca l led ' Pisces Jugulares^ l a s t ly , those fishes i n w h i c h the v e n t r a l 
fins were absent f o r m e d the order c a l l e d ' Pisces Apodes? i n d i c a t i n g 
his r ecogn i t i on o f the h o m o l o g y o f such fins w i t h the h inder or 
l o w e r l i m b s o f h igher animals. 

I n the Salmonidce (S. Eriox, fig. 112, c ) the ischia, 63, are 
u n i t e d b y a car t i laginous symphysis a t the med ia l l i n e , and 
unde r l i e the last s ix abdomina l vertebrae. E a c h supports a 
v e n t r a l fin o f n ine rays , 68. I n the A n g l e r (Lophius piscatorius) 
the i s c h i u m is a t tached b y one end to the coracoid, and expands 
a t the opposite end to j o i n i t s f e l l o w , and suppor t the s ix rays o f 
the v e n t r a l . I t also sends u p a v e r t i c a l process, s i m u l a t i n g an 
i l i u m . T h e ' t h o r a c i c ' character depends on the greater l e n g t h o f 
the ischia, as compared w i t h t h a t i n the ' j u g u l a r ' fishes. I n the 
L e p i d o s i r e n , fig. 4 1 , as i n the S tu rgeon , fig. 29 , and o ther 
' v e n t r a l fishes,' the ischia, 64, are suspended beneath t h e i r p rope r 
ver tebra . T h e y suppor t i n L e p i d o s i r e n a s i n g l e - j o i n t e d r a y , 66. 
I n Lepidopus, i n the B lenn ies , t he F o r k e d H a k e (Phycis), the 
F o r k e d B e a r d (Raniceps), and some other fishes, the v e n t r a l fins 
are l i kewi se mere filamentary feelers. I n the L u m p - s u c k e r s 
( Cyclopterus), the vent ra l s u n i t e toge ther , and combine w i t h pa r t 
o f the pectorals t o f o r m a s u c k i n g disc or o rgan o f adhesion, 
be low the head, j u s t as the opercular and branchios tega l fins are 
u n i t e d together to f o r m the g i l l - cove r . T h e v e n t r a l fin is be t t e r 
developed i n the Plagios tomes t h a n i n o ther fishes. T h e suppor t 
i n g arch consists indeed o f the same s imple elements , haemapo-
p h y s i a l , ca r t i l ag inous , conf luen t a t the m i d d l e l i n e , and loosely 
suspended i n the abdomina l wa l l s ; b u t t h e y do n o t i m m e d i a t e l y 
suppor t the fin-rays. T w o in t e rmed ia t e cart i lages are a r t i c u l a t e d 
to the expanded ou te r ends o f the i n v e r t e d a r c h ; the an te r io r is 
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the shortest i n the D o g - f i s h , and supports th ree or f o u r rays ; the 
pos ter ior one is m u c h longer , and supports the remainder o f the 
rays , fifteen or s ix teen i n number . T o the end o f th i s car t i lage 
l i k e w i s e is a t tached, i n the male Plagiostomes, the pecul ia r ac
cessory genera t ive o rgan or clasper. I n the To rpedo the a rch 
sends f o r w a r d t w o processes, and these are o f greater l e n g t h i n 
the e x t i n c t Cyclobates oligodactylus, X L . p . 225 , p i . 5. I n the 
Ch imero ids the shor t n a r r o w processes w h i c h ex t end above 
the place o f a r t i c u l a t i o n o f the v e n t r a l fins s imula te i l i ac bones : 
the expanded por t ions w h i c h meet b e l o w represent the ischia ; 
t h e y are each o f t h e m pe r fo ra t ed b y a large r o u n d aper tu re , filled 
b y membrane . T h e car t i lage , answer ing to the t i b i a , suppor ts 
the rays o f the v e n t r a l fin and the clasper. 

§ 42 . Pelvic arch and limb of Reptiles. — Pass ing f r o m the 
Protopterus, fig. 1 0 1 , c, t o the Proteus, i b . D , w e find the 
pa i r o f cart i lages a n s w e r i n g to the piscine ' i s c h i a ' a ided b y 
a second pa i r , 62, ca l led ' i l i a , ' i n s u p p o r t i n g the d i v e r g i n g 
appendage; and th i s pa i r is a t tached to the r i b l e t s o f the last 
abdomina l or ' s a c r a l ' ve r tebra . T h e appendage or ' l i m b ' n o w 
consists o f def inable segments, w h i c h are specialised t h r o u g h sub
sequent deve lopements : t he first, as the ' f e m u r ; ' the second — a 
pa i r o f shor ter and smaller j o i n t s — respec t ive ly as ' t i b i a ' and 
' fibula;' these b e i n g f o l l o w e d , w i t h the i n t e r v e n t i o n o f a c a r t i l a 
g inous ' t a r s a l ' mass, b y a pa i r o f m a n y - j o i n t e d rays or ' d i g i t s . ' 

A closer correspondence, however , w i t h the piscine t y p e was, 
i n some respects, r e t a ined b y the e x t i n c t Ichthyosauri, fig. 105. 

A l t h o u g h the i l i ac e lement , 62, was j o i n e d w i t h the i sch ia l , 63, 
i n s u p p o r t i n g the fin, such sus ta in ing a r ch r ema ined f r e e l y sus
pended, as i n the ' v e n t r a l fishes' o f Linnaeus. A second haema-
pophys i a l a rch , 64, was l i k e w i s e present , i n advance o f the i sch ia l 
one, a n s w e r i n g to t h e ' pub i s ; ' t h i s a f fo rded the e x t e n t o f o r i g i n 
r e q u i r e d b y the muscles o f the be t t e r developed fin. T h e n e x t step 
i n progress is e x e m p l i f i e d b y the s ingle l o n g and i n f e r i o r l y flattened 
and expanded bone, 65, a n s w e r i n g to the ' f e m u r , ' and t h r o u g h 
w h i c h , as o n a pedic le , the fin c o u l d be more f r e e l y ro t a t ed , and 
m o v e d to a n d f r o . T o the end o f the f e m u r were l i g a m e n t o u s l y 
a r t i c u l a t e d the t w o shor t flattened bones r ep re sen t ing the t i b i a 
and fibula; f o l l o w e d b y the series o f m u l t i a r t i c u l a t e d i g i t s , j o i n e d 
t oge the r t o f o r m the c o m m o n basis o f the fin, w h i c h , l i k e the 
p e c t o r a l one, t apered to a p o i n t . 1 

W i t h the increased l e n g t h , and progress ive d i f f e r e n t i a t i o n o f the 
several segments o f the fin, as i n Plesiosaurus, fig. 4 5 , the p u b i c 

1 No twist, real or imaginary, of humerus or femur obscures or is needed to 
explain the homotypes in the pectoral and pelvic members, CLX. 
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basis, 64, f o r muscu la r a t tachments , became co-expanded ; t he 
ischia also, 63, assumed the f o r m o f flattened t r i a n g u l a r p l a t e s ; 
and the i l i a , t h o u g h s t i l l ' l o n g bones, ' we re s t ronger , and a t tached 
b y l i g a m e n t to the r i b l e t s o f one or t w o vertebra?; and these, i n 
Nothosaurus, became expanded f o r more ef fec t ive fixation o f the 
pe lv ic a rch . A ' tarsus, ' 68, and ' metatarsus, ' are n o w d e f i n a b l e ; 
and the e d ig i t s , ' w i t h f e w e r j o i n t s , do n o t exceed five i n number . 
A l l the bones are sol id i n b o t h Ichthyo- and Sauro-pterygia. 

F r o m the Sau rop t e ryg i an t y p e o f p e l v i c a rch and l i m b , the 
t r a n s i t i o n is easiest t o t h a t i n the mar ine Chelonia o f the present 
day . B u t the course o f deve lopement f r o m the Proteus w i l l be 
here resumed and t raced to the sa l t a to ry grade w h i c h the h i n d -
l i m b acquires i n the B a t r a c h i a n order . 

Amphiuma tridactylum, w i t h p r o p o r t i o n a l l y shor ter h i n d - l i m b s 
t h a n i n P ro teus ( f i g . 1 0 1 , D ) , has t h e m t e r m i n a t e d b y three toes. 
Menobranchus shows f o u r toes : and Menopoma five, w h i c h is the 
n u m b e r usua l i n the h i n d - l i m b s o f N e w t s and Salamanders. I n 
Menopoma, fig. 4 3 , the sacral ve r t eb ra , s, has a l onge r and 
s t ronger t ransverse process, t, a n d r i b l e t , pi, t h a n the vertebra? 
before and b e h i n d ; and pi is u n i t e d t o the ca r t i l ag inous elements, 
63 and 64, c los ing the i n v e r t e d a rch b y the r i b - l i k e c o n t i n u a t i o n , 62. 
T o the l o w e r end o f th i s s imple ' i l i u m ' and con jo ined p a r t o f the 
' i s c h i o - p u b i c ' car t i lage is l i gamen tous ly a t tached the shor t and 
s imple f e m u r . T o th i s succeeds a shor ter t i b i a and fibula — the 
l a t t e r r e m i n d i n g us o f the plesiosaurian fibula, b y i t s o u t w a r d 
curve . T h e tarsus is ca r t i l ag inous i n Menopoma; t he metatarsals 
suppor t 1 , 2 , 3, 3, 2 phalanges, respec t ive ly , f r o m the i nne rmos t , I , 
t o the fifth, v . T h e toes are w e b b e d to near the las t j o i n t . E v e r y 
j o i n t i n the l i m b is syndesmotic , and the oss i f ica t ion o f t h e bones is 
l i m i t e d to an outer c rus t , cove r ing pers is tent so l id car t i lage . I n 
the decomposing b o d y th i s dissolves a w a y ; a n d i f t he ossif ied 
par ts become p e t r i f i e d , the foss i l bone appears to have h a d a l a rge 
m e d u l l a r y c a v i t y . 

I n the Land-sa lamander the b road i sch io -pub ic p la t e , fig. 113, 
becomes ossif ied a t h, b u t remains ca r t i l a 
g inous a t t he angles c, and the s y m p h y s i s ; 
whence i t extends f o r w a r d , and b i fu rca t e s , 
as at d, r ep re sen t ing the last pa i r o f abdo
m i n a l r i b s i n h ighe r rep t i l es . T h e r e is a 
vascular p e r f o r a t i o n i n each p u b i c p a r t o f 
the pla te . T h e i l i u m , a, re ta ins i t s s imple 
r i b - l i k e character . 

T h e Tadpo le , fig. 4 2 , affords a s i gn i f i can t example o f the t r ans -

113 

4 1 ) h 

Pelvis, Salamander. 
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m u t a t i o n o f a na t a to ry to a sa l ta tory t y p e o f h i n d - l i m b , i r r e 
spect ive o f e f for t s a n d exercises t h r o u g h successive generat ions 
p r o d u c i n g and a c c u m u l a t i n g smal l changes, and independen t ly o f 
a n y select ion b y na tu re o f such generat ions as were enabled, 
t h r o u g h the accidenta l v a r i e t y o f a s l i g h t l y l eng thened h i n d - l i m b , 
t o conquer i n the ba t t l e o f l i f e , and to t r a n s m i t the t endency 
t owards such d i s p r o p o r t i o n to t h e i r pos t e r i ty . 

I f t he l a w b y w h i c h so m u c h o f the change o f s t r uc tu r e adapted 
t o t e r r e s t r i a l l i f e takes place i n the act ive independent aquat ic 
a n i m a l be a m y s t e r y , and seeming excep t ion , i t does n o t the less 
impress the be l iever i n the de r iva t ive o r i g i n o f species w i t h the idea 
o f unseen and undiscovered powers , t h a t m a y operate i n p roduc 
i n g such r e s u l t , ' accord ing to a n a t u r a l L a w or Secondary Cause . ' 1 

T h e h i n d - l i m b o f the F r o g (Rana) c losely accords at first w i t h 
t h a t o f the M e n o p o m e ; a r i b - l i k e c o n t i n u a t i o n , fig. 4 2 , 62, o f t h e 
p leurapophys is , pi, o f the last abdomina l ve r t eb ra , gives a t t achment 
t o a shor t f e m u r , 65; ossif icat ion o f t he shor ter t i b i a , 56, and fibula, 57, 
speedi ly uni tes t h e m p r o x i m a l l y ; five subequal d ig i t s b u d o u t o f 
the p r i m i t i v e fin-like p r o j e c t i o n f r o m the i n t e g u m e n t ; and a s imple 
ca r t i l ag inous tarsus, 68, a t first in tervenes be tween the toes and 
t h e l eg . T h e due l e n g t h and p o w e r o f the h i n d - l i m b is p roduced 
b y e longa t ion o f a l l i t s elements, i n c l u d i n g the i l i ac par ts o f the 
sus ta in ing arch. I n the T o a d (Bufo) t he sacral process, or anchy
losed r i b l e t s , t r a n s m i t t i n g t h e r e b y the w e i g h t 
o f t he t r u n k u p o n the legs, are depressed and 
expanded a t t h e i r ex t r emi t i e s ; i n Pipa, 
fig. 4 4 , B , s, r e m a r k a b l y so, and r e s t i n g u p o n 
t h e an te r io r halves o f the i l i a . I n the T o a d 
the f e m u r is shor ter t h a n the i l i u m , a n d the 
t i b i a is shor ter t h a n the f e m u r . I n t h e F r o g , 
fig. 4 4 , c o n t r a r y p ropor t ions p r e v a i l . T h e i m 
pulse o f the h i n d - l i m b s is app l i ed , i n a l l t a i l 
less B a t r a c h i a , t o the h i n d m o s t p a r t o f the 
b o d y , b e y o n d the l e n g t h e n e d coccygeal s t y l e , 
fig. 114 , A , g, b y t h e r e m a r k a b l e b a c k w a r d 
p r o d u c t i o n o f t h e i l i a , i b . A , 62, w h i c h expand 
a n d u n i t e , f o r m i n g a symphys i s , above the 
a c e t a b u l a ; thence t h e y t r a n s m i t the i m p u l s e 
o f t he l i m b s t o t h e shor t a n d s t r o n g t r ans 
verse processes o f the sac rum, a. A pa i r 
o f c o m m o n l y anchylosed semic i r cu la r b o n y 
p la tes , ' i s c h i a , ' 63, u n i t e w i t h t h e i l i ac s y m 
phys i s t o f o r m the l o w e r h a l f o f t h e j o i n t s f o r the f e m o r a , 65. 

1 CXLI. p. 86. 
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T h e f e m u r i n the F r o g , fig. 4 4 , 65, is a l o n g slender bone, w i t h 
a s l i g h t double b e n d ; the head is expanded, convex , and te r 
m i n a l ; the back p a r t o f the uppe r f o u r t h o f the sha f t shows a 
l o n g i t u d i n a l r i d g e ; the d i s t a l end is expanded and t runca te . 
B o t h ends o f the f e m u r are u s u a l l y i n the state o f epiphyses. 
T h e t i b i a and fibula are conf luen t l o n g i t u d i n a l l y , b u t preserve 
t h e i r respective m e d u l l a r y canals, and ind ica te t h e i r t ranscend
en ta l d i s t i n c t i o n b y an an te r io r and poster ior l o n g i t u d i n a l f u r r o w 
a t the expanded ends o f the seeming s ingle b o n e ; u sua l ly , also, 
b y a p e r f o r a t i o n f r o m before b a c k w a r d . A single epiphysis con
s t i tutes each a r t i cu l a r end. T h e astragalus a, and calcaneum cl, 
are m u c h elongated. T h e f o r m e r is s l i g h t l y bent . T h e y com
m o n l y coalesce at t h e i r p r o x i m a l and d i s t a l e x t r e m i t i e s ; at the 
f o r m e r , b y means o f an ep iphys i s ; a t the l a t t e r , w i t h the connate 
representat ives o f the nav icu la re , s, and cuboides, b. T w o cune i 
f o r m bones r e m a i n d i s t i n c t and suppor t the th ree i n n e r toes, i, ii, 
Hi: a t h i r d expanded bone pro jec ts , l i k e a supp lementa l d i g i t , ci, 
f r o m the inne r ( t i b i a l ) side o f the t a r s u s ; i t m a y represent the 
* en tocune i fo rm. ' One (Rana) or t w o (Pipd) sesamoid bones are 
developed i n the extensor tendons b e h i n d the t i b io - t a r sa l j o i n t : 
t h e i r f u n c t i o n is t h a t o f the l ever p a r t o f the calcaneum. T h e 
first metatarsal supports t w o phalanges, I ; the second, t w o ; the 
t h i r d , t h r e e ; the f o u r t h , f o u r ; and the fifth, three . 

I n Bufo agua I f o u n d a semiossified tube rc le u p o n the p r o x i m a l 
end o f each i l i u m . I n Pipa, the con f luen t ca lcaneum and c u b o i d 
f o r m a l o n g three-sided bone w i t h the angles s h a r p : the l o n g 
astragalus presents a s imi l a r f o r m . 

T o the s tudent o f Compara t ive A n a t o m y e n t e r i n g u p o n t h e 
vast doma in o f t ha t science w i t h ideas o f the bones d e r i v e d f r o m 
those o f the h u m a n skele ton, and associat ing the special shapes 
and p ropor t ions t h e y there present w i t h the names t h a t have been 
l e a r n t f r o m A n t h r o p o t o m y , f e w par ts are more p e r p l e x i n g or de
cept ive t h a n the pe lv is i n the Che lon ian rep t i l es . V i e w i n g , f o r 
example , t h a t o f the Trionyx, as i t is represented i n fig. 116, he 
w o u l d conclude h to be the i l i ac bones, and i the p u b i c bones, 
separated at the symphysis ; or as a n s w e r i n g to the par ts so ca l led 
i n the s ingle e os i n n o m i n a t u m ' o f man . T h e r e c t i f i c a t i o n o f the 
e r ro r affords a va luable lesson o f the u n i m p o r t a n c e o f size and 
shape i n d e t e r m i n i n g special h o m o l o g y , and o f the necessi ty o f 
k n o w i n g the foetal as w e l l as the a d u l t condi t ions o f the h u m a n 
pe lv is . H e w o u l d l ea rn , first, t h a t the t h r e e f o l d na tu re o f the 
e i n n o m i n a t e ' bone, w h i c h is t r a n s i t o r y i n m a n , is pe rmanen t 
i n the r e p t i l e ; n e x t , t h a t the bone w h i c h is l a rges t and 
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broadest i n the h u m a n foetal pe lv i s is the least and slenderest 
i n t h a t o f the T u r t l e . T o comprehend the na tu re o f the C h e l o -
n i a n pe lv i s , the connect ions and r e l a t i ve posi t ions o f i t s bones 
m u s t be s tud ied i n the en t i r e skele ton. 

T h e t w o bones t h a t a r t i cu la te w i t h the transverse processes 
o f vertebrae and , e x t e n d i n g < haemad' ( d o w n w a r d or f o r w a r d ) , 
combine a t the opposite end w i t h the o ther bones f o r m i n g the 
ace t abu lum, are those alone w h i c h show the essential characters 
o f the i l i a i n a i r - b r e a t h i n g ver tebrates . I n the figure o f the 
pe lv i s o f the T u r t l e v i e w e d f r o m be low or f r o m the haemal aspect, 
fig. 115, t h a t surface o f the sacrum is figured to i l l u s t r a t e the 

Pelvis of Chelone (from below), CLX. 

above character o f connec t ion . T w o s t u n t e d pleurapophyses 
converge f r o m the t w o c e n t r u m s , and a f f o r d a close l i gamen tous 
a t t a c h m e n t to the p r o x i m a l or u p p e r ends o f the i l i a , a, a. These 
bones are also a t tached t o the con t iguous costal plates o f t h e cara
pace, w h i c h t h e y s u p p o r t as s tou t s t r o n g p i l l a r s . T h e y s l i g h t l y 
expand at t h e i r acetabular ends, w h e r e each un i t e s w i t h t w o o ther 
bones. T h e bone c descends and meets i t s f e l l o w at the m i d 
l i n e , as does l i k e w i s e the bone b: c c b e i n g pos te r io r i n pos i t i on 
answer t o the ischia o f the h u m a n foe tus ; b b t o the pubics . 
These are r e m a r k a b l y expanded, and , besides f o r m i n g an e x t e n 
sive symphys i s be tween b, b, each developes a b r o a d a n g u l a r 
process or t u b e r o s i t y w h i c h is l i g a m e n t o u s l y a t tached to the 
p l a s t r o n , f o r m i n g the f o u n d a t i o n f o r t h e s u p p o r t o f the p i l l a r , a, 
t h a t unde rp rops the carapace. 
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A s l i g h t m o d i f i c a t i o n is presented b y Trionyx, i n w h i c h a v i e w 
o f the pe lv is is g i v e n f r o m t h e dorsal aspect, t he sacrum b e i n g 
r emoved , i n fig. 116 : here i shows the end o f the i l i u m , 62, w h i c h 
was a t tached to t h a t p a r t o f the v e r t e b r a l c o l u m n : a is t h e ex
panded acetabular end o f these shor t , s t r a igh t , co lumnar bones. 

T h e ischia, c, c, develope tuberos i t i es f , f , a n d u n i t e a t the i sch ia l 
symphys i s , 64, d. T h e pubics b, b, a r t i cu l a t e b y a broader t u b e 
r o s i t y , h, w i t h the p las t ron , and have a greater t ransverse extent . 
T h e ' o u t l e t ' o f the pe lv i s is no t , as m i g h t be supposed, be tween e' 
a n d 64, b u t b e t w e e n i a n d / . T h e w i d e r space answers t o the ob -
t u r a t o r i a l one i n M a n ; and , w e r e oss i f ica t ion t o be ex tended f r o m 
the i sch ia l , 64, t o the p u b i c , e, symphys is , i t w o u l d be d i v i d e d i n t o 
the t w o vacui t ies ca l led e f o r a m i n a ova l ia seu o b t u r a t o r i a ' i n t h e 
h u m a n pe lv i s . Such d i v i s i o n does a c t u a l l y t ake place i n t h e 
Tor to ises (Testudo) and Terrapenes , as s h o w n at v , fig. 5 1 , i n 
Emys Europcea. 

I n the Tor to i se (Testudo) the i l i ac bones are v e r t i c a l and 
co lumnar , l i k e the scapula, b u t are shor ter and more compressed. 
T h e pubis expands to j o i n i t s f e l l o w at the m e d i a n symphys i s and 
the i s c h i u m p o s t e r i o r l y : i t sends o u t w a r d and d o w n w a r d a l o n g 
t h i c k obtuse process f r o m i t s an te r io r m a r g i n . T h e ischia, i n l i k e 
manner , expand where t hey u n i t e toge ther t o p r o l o n g the s y m 
physis b a c k w a r d . T h e ' f o r a m e n ovale seu t h y r o i d e u m ' is n e a r l y 
c i r c u l a r on each side. I n Hydraspis the i l i a a r t i cu l a t e d i r e c t l y b y 
p a r t o f t h e i r unde r surface to the x iph i s t e rna l s , a n d the pub is 
becomes conf luen t w i t h the same par ts o f the p l a s t r o n b y the 
tuberous process. 

T h e f e m u r is shorter t h a n the h u m e r u s i n the T u r t l e s : the head 
is r o u n d , s u r m o u n t e d b y a b road , t h i c k , sho r t t r o c h a n t e r : t h e 
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shaf t is a lmost s t r a igh t , s l i g h t l y expanded at the d i s ta l end, a t t h e 
back p a r t o f w h i c h t h e condyles are f e e b l y ind ica ted . I n T e r r a 
penes, fig. 5 1 , w , and Tor to ises , the f e m u r equals or exceeds the 
h u m e r u s i n l e n g t h : i t s shaf t is more b e n t : the t rochan te r is d i v i d e d 
i n t o t w o processes, mos t d i s t i n c t i n Trionyx. I n no Che lon ian is 
there a m e d u l l a r y c a v i t y : ossif icat ion extends t h r o u g h o u t the b o n e : 
the t w o bones o f the l e g , i b . x , Y , are nea r ly s t r a i g h t ; t he t i b i a is t he 
larges t , w i t h the p r o x i m a l end almost semi
c i r c u l a r , and the d i s ta l one less expanded 
a n d subconcave, w i t h a s l igh t ly -deve loped 
mal leo lus i n Testudo and Emys. T h e fibula, 
fig. 117, 67, is a l i t t l e ben t , e n l a r g i n g the 
interosseous space i n Trionyx: i t presents 
a c o n v e x i t y to the tarsus. T h e r e is no b o n y 
pa te l la i n any Che lon ian . I n Testudo 
tabulata I f o u n d a s y n o v i a l j o i n t be tween 
i t s fibrous representa t ive and the f e m u r , 
d i s t i n c t f r o m the p roper capsule o f the knee -
j o i n t . T h e p r o x i m a l r o w o f the tarsus con
sists o f t w o bones, astragalus, a, and c a l 
caneum, w h i c h i n most Tor to ises become 
conf luen t . T h e d i s t a l r o w consists o f five 
bones, f o u r o f w h i c h suppor t the f o u r nor 
m a l toes, a n d the fifth a r u d i m e n t o f the 
meta ta rsa l o f the fifth toe , v; the f o u r t h 
a n d fifth o f t h e second r o w o f tarsals 
answer to the os cuboides o f h ighe r a n i 
m a l s ; t he o the r th ree bones to the three 
ossa c u n e i f o r m i a . T h e astragalar p a r t o f 
the s ingle p r o x i m a l bone inc ludes also the nav icu la re . 

I n the Trionyx, fig. 117, the p r o x i m a l r o w consists o f a s ingle 
bone, a, a n s w e r i n g t o t h e astragalus and nav icu la re : t he d i s t a l 
r o w consists o f five bones, o f w h i c h the th ree c u n e i f o r m i a are v e r y 
s m a l l : t h e t w o d iv i s ions o f the cuboides, b', c, are v e r y l a r g e ; 
t h e first m a y i n c l u d e the a r t i c u l a r p a r t o f the c a l c a n e u m ; the 
o u t e r m o s t is d i l a t e d a n d angu la r . I n Chelone and Chelys t h e 
ca lcaneum is d i s t i n c t f r o m b o t h the c u b o i d and the as t raga lo -nav i -
c u l a r bones. T h e d i g i t s are m o d e r a t e l y l o n g , r a the r flattened a n d 
d i v a r i c a t e d , s u p p o r t i n g the h i n d w e b b e d f o o t ; t he meta tarsa l sup
por t s t w o phalanges i n the first t o e ; i n the o ther toes i t suppor ts 
t h r e e , t he las t h a v i n g a c l aw. 

I n Trionyx t he fifth d i g i t , fig. 117 , v, has t w o smal l phalanges 
a n d no c l aw . I n Emys and Cistudo t he d i g i t s decrease i n s t r e n g t h 

Bones of leg and foot, 
Trionyx. CM. 
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f r o m the first t o the fifth, and i n l e n g t h f r o m the second to the 
fifth. I n the L a n d tor toises , the fifth toe is reduced to a metatarsal 

r u d i m e n t : the others are shor t and t h i c k , fig. 
118, each w i t h t w o phalanges, the second sup
p o r t i n g a c l aw, and adapted, l i k e those o f the fore 
f o o t , f o r b u r r o w i n g . T h e t w o extremes o f m o d i 
fication o f the h i n d f o o t i n the chelonian series 
are presented b y the T u r t l e and T o r t o i s e : the 
grea t compara t ive w e i g h t and b u l k o f the body 
to be suppor ted on d r y l a n d i n v o l v e a f o r m of 
l i m b and f o o t r e sembl ing t h a t i n the E l e p h a n t ; 
whence the larges t k i n d o f L a n d - t o r t o i s e has been 
t e r m e d : Testudo elepliantopus? 

T h e general h o m o l o g y o f the pe lv i c bones o f 
the Crocodi le has been p r e v i o u s l y discussed, 
pp . 6 7 - 6 9 , and i l l u s t r a t e d , figs. 55 , 56 , 57. T h e 

serial homology o f the t w o haemapophysial elements derives satis
f a c t o r y e luc ida t ion f r o m t h e i r c rocodi l i an cond i t i on . O f those o f the 
scapular arch, cal led c l av i c l e ' a n d ' coracoid, ' i n the vertebrates pos
sessing b o t h , the an te r io r v e r y r a r e l y enters i n t o the f o r m a t i o n o f the 
j o i n t f o r the appendage; w h i l s t the pos ter ior i n v a r i a b l y does so. 

Bones of leg and 
foot, Testudo 

I n the fcetal m a m m a l , before the coalescence o f the s t un t ed cora
co id , th i s r e l a t i on m a y be seen. So i n the Crocod i l e , t he poster ior 
haemapophysis, fig. 119, 63, combines w i t h the i l i u m , 62, t o the 
exc lus ion o f the pub is , 64, i n the f o r m a t i o n o f the ace tabu lum, 
r epea t ing the a r t i c u l a r characters o f the c o r a c o i d ; w h i l s t the 
more slender pubis placed an te r io r t o the j o i n t , and a b u t t i n g b y i t s 
mesial end against the abdomina l s t e r n u m , figs. 5, 6, 10, repeats 
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those characters o f the c lav ic le o f l izards. A c c o r d i n g l y i n the 
progress ive r e d u c t i o n o f the pe lv i c a rch to a single haemapophysial 
e lement sus ta in ing the appendage, as i n Osseous Fishes , w e m a y 
d iscern the characters o f the ' i s c h i u m ' i n t h a t e lement , ra ther 
t h a n o f the pubis . 

T h e i l i u m o f the Crocod i l e is t w i c e as b road as l o n g , p roduced 
b e y o n d the t w o vertebrae to w h i c h i t is a r t i c u l a t e d : i t descends 
v e r t i c a l l y t o the ace tabu lum, o f w h i c h i t f o r m s the uppe r hal f . 
T h e an te r io r p r o d u c t i o n or t ube ros i t y , a, is the th ickes t , the pos
t e r i o r is the longest . T h e i s c h i u m developes a s t rong ben t process 
f r o m the f o r e p a r t o f the acetabular end, t o w h i c h the pub is is 
a r t i c u l a t e d : as i t descends and inc l ines i n w a r d , i t becomes flat
t ened and expanded, b, and j o i n s i t s f e l l o w b y a modera te ly 
ex tended i sch ia l symphys i s . T h e pubis is d i rec ted more f o r w a r d , 
and t h o u g h smal ler and more slender, resembles the i s c h i u m b y 
the expanse o f the m e d i a l end. A s ossif icat ion is n o t ex tended 
a long the m i d - l i n e f r o m the i schia l symphys i s t o the pub i s , no 
1 o b t u r a t o r f o r a m i n a ' are def ined , b u t a w i d e v a c u i t y in tervenes , as 
i n Chelone and Trionyx. 

T h e f e m u r , fig. 57 , v, is b e n t i n curves opposite t o those o f the 
h u m e r u s : the head is convex , subcompressed l a t e r a l l y , flattened 
e x t e r n a l l y : t he c h i e f process is f r o m the i nne r side, at the uppe r 
t h i r d o f the s h a f t : the re is a r idge ex t e rna l and above th is process: 
t h e d i s t a l end expands t ransverse ly , and developes b a c k w a r d t w o 
condy l e s ; the ou te rmos t receives p a r t o f the head o f the fibula. I t 
is l onge r t h a n the humerus , b u t i n a less degree i n m o d e r n t h a n i n 
mesozoic crocodiles. T h e t i b i a , figs. 57 and 120, 66, presents a 
l a rge t r i a n g u l a r head to the f e m u r , the d i v i s i o n o f the back p a r t o f 
w h i c h i n t o t w o condyles is f e e b l y i n d i c a t e d : i t offers a smal ler 
convex crescentic surface t o the tarsus. T h e fibula, i b . 67, is 
slender and s u b c y l i n d r i c a l ; m u c h compressed above, more ex 
panded and t r i a n g u l a r be low. E a c h o f the f o r e g o i n g l o n g bones 
has a m e d u l l a r y c a v i t y . T h e r e is no p a t e l l a ; b u t there is a fibro
ca r t i l ag inous ' f a b e l l a , ' w i t h g r a n u l a r bone, i n o l d crocodiles , 
b e h i n d the ou te r condy le . 

T h e p r i n c i p a l t a r sa l bone, fig. 120, c, represents the astragalus, 
nav i cu l a r e , and e n t o c u n e i f o r m , connate , o f the h u m a n series; 
a r t i c u l a t i n g w i t h the d i s t a l end o f the t i b i a and a sma l l p a r t o f the 
fibula above, w i t h the calcaneum and c u b o i d e x t e r n a l l y , and w i t h 
t h e first a n d second metatarsals and the e c t o c u n e i f o r m b e l o w . 
T h e ca lcaneum, d, in te rvenes b e t w e e n the fibula and c u b o i d , a n d 
has a shor t b u t t h i c k pos te r ior t u b e r o s i t y , y, fig. 57 T h e c u b o i d , 
fig. 120, e, suppor t s the fifth, v, f o u r t h , iv, and p a r t o f the t h i r d , 
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Hi, metatarsals. T h e ec tocune i fo rm, f , is wedged be tween the 
bases o f the second and t h i r d metatarsals. These, b y the ob l ique 
o v e r l a p p i n g a r rangement o f t h e i r expanded bases, resemble the 

a r t i cu la t ions o f the v e n t r a l fin-
rays i n mos t fishes. T h e fifth 
is flattened and expanded to sup
p o r t the b road scale f r o m the 
ou te r side o f the foo t , b u t is 
c u r t a i l e d i n l e n g t h and supports 
no toe. 

T h e f o u r n o r m a l metatarsals 
are m u c h l a rge r t h a n the corres
p o n d i n g metacarpals . T h a t o f 
the first toe , i, is the shortest 
and s t ronges t ; i t supports two 
phalanges : t he other three are 
o f nea r ly equa l l e n g t h , b u t lose 
th ickness f r o m the second, ii, to 
the f o u r t h , Hi: t h e second sup
por ts three pha langes ; the t h i r d , 
f o u r ; the f o u r t h , also f o u r , the 
c law and i t s pha lanx b e i n g ab
sent i n th i s t o e : ii, Hi, and iv, 
are webbed i n t r u e Crocodi les , 
b u t semipalmate i n A l l i g a t o r s . 

I n most L a c e r t i a n s t w o v e r t e 
brae are m o d i f i e d f o r a r t i c u l a t i o n 
w i t h the i l i ac bones, as i n the M o 
n i t o r ( Varanus, fig. 1 2 1 , a): b u t 
i n the Chameleon there are th ree 
sacrals. I n the grea t M o n i t o r 
the i l i u m , b, extends b a c k w a r d 
b e y o n d the j u n c t i o n , t e r m i n a t 
i n g ob tuse ly , a n d bends d o w n 
as i t passes f o r w a r d w i t h a shor t 
process above the ace tabu lum. 
B o t h i s c h i u m a n d pub i s com

b ine w i t h the i l i u m i n f o r m i n g th i s c a v i t y . T h e i s c h i u m , c, 
is u s u a l l y most expanded at i t s s y m p h y s i a l border , w h i c h is p r o 
duced b a c k w a r d . T h e pub i s , / , appears as a more d i r e c t con 
t i n u a t i o n o f the i l i u m , and is p e r f o r a t e d near i t s acetabular end, 
an te r io r t o w h i c h i t developes a process. T h e s y m p h y s i a l car
t i l age is con t i nued f r o m the i s c h i u m to the p u b i s , d i v i d i n g the 
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interspace i n t o t h e c o b t u r a t o r f o r amina , ' and becoming ossified i n 
o l d M o n i t o r s . T h e f e m u r resembles t h a t o f 

1 91 
the C r o c o d i l e , b u t w i t h the i n n e r t rochan te r 
be t t e r developed, w i t h a l a rger m e d u l l a r y c a v i t y , 
and w i t h a more m a r k e d depression on the ou te r 
condy le f o r the fibular a r t i c u l a t i o n . T h e d i v i s i o n 
o f t he back p a r t o f the head o f the t i b i a is u s u a l l y 
more m a r k e d . T h e head o f the fibula, fig. 122, 
67, b, rises h i g h e r t h a n i n the Crocodi le . 

I n Varanus niloticus,1 the e longated i l i ac Pelvis of the Monitor 
bone abuts against the transverse processes o f 
t h e t w o sacral vertebrae, the first on the r i g h t side and the second 
o n the l e f t side b e i n g app l i ed o n a p lane h i g h e r t h a n t h e 
opposite processes: t h a t o f the first caudal ve r t eb ra also abuts 
against the i l i u m o n the l e f t side. T h e i l i u m sends o f f a t u b e r 
os i ty i n f r o n t o f the sacro-iliac syndesmosis, and i t j o i n s the pub i s 
and i s c h i u m b y a b road su ture . T h e t rochan te r arises f r o m the 
i n n e r and back p a r t o f the p r o x i m a l end o f the shaf t o f t h e 
f e m u r . T h e r e are t w o ossif ied patellae i n the t endon o f the g rea t 
extensor o f the l eg . T h e tarsus d i f fe r s f r o m t h a t o f the Crocod i l e 
c h i e f l y i n there b e i n g a ' m e s o c u n e i f o r m ' s u p p o r t i n g the second 
meta tarsa l , fig. 122 , Hi b u t t h i s is w a n t i n g i n m a n y lacer t ians . 
T h e bone a' is as composi te as i n the crocodi le . T h e fifth meta 
ta rsa l is f l a t t ened , and a r t i c u l a t e d f a r t h e r back t h a n the res t , 
e x t e n d i n g a long the ou te r side o f the c u b o i d , c, t o the calca
n e u m , b'\ i t suppor ts an u n g u i c u l a t e toe o f f o u r phalanges, 
fig. 122 , v: t he n u m b e r o f phalanges i n the o ther toes progres
s ive ly increases f r o m t w o i n the first, i, t o five i n the f o u r t h , iv, 
w i t h p r o p o r t i o n a t e increase o f l e n g t h . 

T h e c h i e f m o d i f i c a t i o n o f the h i n d l i m b o f L a c e r t i a n s is f o u n d 
i n the Chameleon , fig. 123. T h e i l i u m is a s imple e longate , 
subcompressed bone descending v e r t i c a l l y f r o m the c o n v e r g i n g 
ends o f t h e sacral processes t o the ace tabu lum. T h e fibula, 
fig. 123, b, 67, is b e n t o u t w a r d . I n the tarsus m a y be seen a 
s t u n t e d homologue o f the as t raga lo-navicu la r bone, a', r e c e i v i n g 
t h e end o f t h e t i b i a ; and a l a rge r ca lcaneum, b', i n l i k e r e l a t i o n 
w i t h the fibula: these f o r m a c a v i t y f o r the sphero id e c u n e i f o r m , ' 
d, b y w h i c h t h e prehensi le f o o t rotates on the l e g ; and the re is a 
c u b o i d , c, e x c l u s i v e l y s u p p o r t i n g the fifth meta ta r sa l , v. T h i s 
d e t e r m i n a t i o n o f the homologies o f t h e t a r sa l bones w i t h those o f 
the a m b u l a t o r y l izards , shows t h e n a t u r e o f the five sho r t b u t 
m e t a t a r s i a l l y shaped bones s u p p o r t i n g the toes, and settles the 

1 xxrv. p. 149, No. 678. 
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h o m o l o g y o f t h e i r homotypes i n the f o r e - f o o t , fig. J10. T h e first 
meta tarsa l supports t w o phalanges, fig. 123, i ; the second, three ; 
t he t h i r d and f o u r t h , each f o u r pha langes ; and the fifth, three . T h e 

first and second toes are opposed 
to the o ther three i n the h i n d f o o t , 
con t r a r iwi se to the a r rangement i n 
the f o r e foo t . 

I n the P t e rodac ty l e , fig. I l l , 
t he h i n d l i m b adhered closely to 
the l ace r t i an t y p e ; the metatarsals 
were d i s t i n c t ; the phalanges i n 
creased i n n u m b e r f r o m the first 
t o the f o u r t h toe, b u t re ta ined 
more e q u a l i t y o f l e n g t h t han i n 
l i z a r d s : a l l t he five toes were 
u n g u i c u l a t e , the c l aw pha lanx com
pressed and deep. A l t h o u g h i n 
some species there were f o u r or 
five sacral vertebrae, the h i n d -
l i m b s were too feeble to sustain 
the b o d y , as i n B i r d s : t h e y more 
p r o b a b l y served t o suspend i t , as 
i n B a t s , w i t h a concomi tan t 
s t r e n g t h e n i n g o f the claws. 

T h e r e p t i l i a n h i n d - l i m b s , w i t h 
t h e i r a rch , acqu i red the mos t c o m 
p l e x s t r u c t u r e i n the g rea t e x t i n c t 
D i c y n o d o n t 1 and D i n o s a u r i a n 2 

orders. I n Dicynodon tigriceps 
ossif icat ion ex tended over the 
w h o l e o f the interspace be tween 
the i s c h i u m and pub i s , o b l i t e r a t 
i n g a l together the o b t u r a t o r i a l 
f o r a m i n a : and b o t h i l i ac and 
i sch ia l bones a r t i c u l a t e d , as i n 
edentate mammals w i t h a long; 
sacrum. I n the I g u a n o d o n s ix 

vertebrae were m o d i f i e d w i t h i n t e r l o c k i n g cen t rums a n d n e u r a l 
arches, the l a t t e r r e s t i n g on , and s u t u r a l l y j o i n e d t o , the 
cont iguous halves o f t w o cen t rums . T h e f e m u r e x h i b i t e d an 
uppe r and ex t e rna l £ g rea t t rochante r , ' besides the i n n e r t r o -

1 CLV. 3 CXLVI. (1841), pp. 114, 130. 
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chanter be t t e r developed t h a n i n m o d e r n l i z a r d s : examples o f 
th i s bone f o u r f ee t i n l e n g t h have been discovered. I n the 
a lmost e q u a l l y colossal Sclel idosaur the toes 
o f the h i n d f o o t were reduced to f o u r i n n u m 
ber b y suppression, as i n the Crocod i l e , o f 
the fifth. I n the I g u a n o d o n t h e y were r e 
duced to th ree b y the suppression also o f the 
first t o e ; the r e t a ined toes were shor t and 
b road , w i t h phalanges i n n u m b e r respec t ive ly 
th ree , f o u r , and five ; b u t the l a t t e r so m u c h 
shor te r as to reduce the outer t o the same 
l e n g t h as the i n n e r toe, and w i t h the m i d d l e 
one b o t h longer and l a r g e r ; s h o w i n g i n the 
g rea t he rb ivorous Saur i an an i n t e r e s t i ng ana
l o g y to the h i n d l i m b o f the Rh inoceros . 1 

§ 43 . Dermoskeleton of Fishes.—The scales 
o f fishes m a y be regarded , f r o m t h e i r seat and 
mode o f developement , as par ts o f the de rmo
s k e l e t o n : and i n the palaeo- and meso-zoic 
species t h e y w e r e ossif ied, i n the f o r m o f 
granules , tuberc les , plates, or i m b r i c a t e d 
scales. B o n y fishes, w i t h scales so sof t and 
soluble as t o leave no trace i n foss i l i za t ion , 
seem n o t t o have ex is ted before the creta
ceous p e r i o d : f o r even the exoskele ton o f the 
Leptolepidce o f the l o w e r and m i d d l e ooli tes 
has been preserved to us t h r o u g h the t h i n coa t ing o f p e t r i f i a b l e 
ganoine w i t h w h i c h t h e i r m i n u t e and delicate scales were covered. 
T u b e r c u l a r i n t e g u m e n t , l i k e the { s hag reen ' o f sharks and dog 
fishes, has come d o w n to us f r o m a p e r i o d as remote as the 
S i l u r i a n . I n skates and rays the s k i n is s tudded b y bone i n l a rge r 
masses; sometimes, as i n the ' T h o r n b a c k , ' d e v e l o p i n g a s m a l l 
ben t spine. 

T h e hard- rays i n the fin o f the P e r c h and o ther Acanthopteri, 
the l a rge r and f e w e r spear - l ike weapons o f the S t i ck lebacks 
(Gasterostei), Sheat-fishes (Siluridce), T r igge r - f i shes (Balistes), and 
some Snipe-fishes ( Centriscus), are a l l par ts o f the dermoske le ton . 

I n Balistes capriscus — a rare B r i t i s h fish — the an t e r io r dorsal 
is preceded b y a s t r o n g erect i le s p i n e : i t s base is expanded a n d 
p e r f o r a t e d , and a b o n y b o l t f r o m the s u p p o r t i n g p la te passes f r e e l y 
t h r o u g h i t : w h e n the spine is ra ised, a h o l l o w at the back p a r t o f 

Bones of the leg and foot, 
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the base receives a prominence f r o m the n e x t b o n y r a y , w h i c h 
fixes the spine i n the erect pos i t ion , as the hammer o f a g u n - l o c k 
acts a t f u l l c o c k ; and the spine cannot be f o r c e d d o w n t i l l the 
smal l spine or 6 h a m m e r ' has been depressed, as b y p u l l i n g the 
t r i g g e r . T h i s mechanism m a y also be compared t o the fixing 
and u n f i x i n g o f a bayonet . W h e n the spine is u n f i x e d and ben t 
d o w n i t is rece ived i n t o a groove o n the s u p p o r t i n g p la te , and 
offers no i m p e d i m e n t to the progress o f the fish t h r o u g h the water . 
T h e gener ic name (Balistes) and the c o m m o n I t a l i a n name o f the 
fish (Pesce balestra), r e f e r t o th i s s t r uc tu r e : t he spine is r o u g h 
ened b y gano id gra ins , whence o u r E n g l i s h name o f ' F i l e - f i s h . 
T h e h i n d border o f the analogous weapon o f the Centriscus 
humerosus and o f mos t Sheat-f ish is den t i cu la t ed , so tha t t hey 
i n f l i c t a ragged w o u n d . I n a l l such weaponed osseous fishes, the 
base o f the spine is m o d i f i e d f o r a r t i c u l a t i o n w i t h another bone. 
I n g r i s t l y fishes so a rmed the base of the spine is s imple , smooth, 
h o l l o w , i m p l a n t e d deeply i n the flesh and a t tached to l i g a m e n t 
and muscle. 

T h e grea t m a j o r i t y o f such weapons f o u n d i n a foss i l state, 
ca l led i ch thyodo ru l i t e s , ' show b y t h e i r basal s t r uc tu r e t ha t t hey 
come f r o m Plag ios tomous fishes, and e x e m p l i f y i n a remarkable 
manner the e f f ic iency , beau ty , and v a r i e t y , o f the ancient a r m o u r y 
o f t h a t order. I n some, the m a r g i n a l serrat ions were themselves 
dent icu la te (Edestes).1 C e r t a i n R a y s (Trygon) have spines w i t h 
b o t h marg ins serrate. 2 

T h e series o f side-scales pe r fo ra t ed b y the mucous d u c t i n the 
m o d e r n soft-scaled fishes are u sua l l y more or less ossified. I n the 
E e l t r i b e the l a te ra l mucous ossicles are t u b u l a r and concealed b y 
the epiderm. I n the Sole and P la ice the mucous scale bones o f 
the l a t e ra l l ine are q u i t e super f i c ia l . T h e r e are m a n y c i r c u l a r 
radia ted ossicles scattered over the d a r k or uppe r side o f the s k i n 
o f the T u r b o t . A r o w o f smal l chevron-shaped d e r m a l bones 
extends a long the median l i n e o f the b e l l y o f the H e r r i n g , and the 
e x t r e m i t y o f each l a t e ra l process, fig. 37 , dh, is connected w i t h 
t h a t o f the l o n g and slender v e r t e b r a l r i b , c o m p l e t i n g the i n f e r i o r 
arch, l i k e a s t e rnum and s te rna l r ibs . T h e D o r y has t w o r o w s o f 
t h i c k osseous plates a long the under p a r t o f the a b d o m e n ; b u t 
t h e i r super f ic ia l pos i t i on indicates t h e i r essential ly d e r m a l charac
ter . Pa r t s analogous to a s t e r n u m are t hus supp l i ed f r o m the 
exoskeleton as t h e y are f r o m the splanchnoskele ton i n the L a m 
p r e y , fig. 1 1 ; b u t the t r u e homologues o f the s t e r n u m are first 

1 cxxxx. p. 124, fig. 38. 2 Ib. 123. 
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seen i n the endoskele ton o f the Ba t rach ia . I n the T r u n k - f i s h e s 
(Ostracion), and Pipe-f ishes (Syngnathus),the d e rma l scale bones 
f o r m a con t inuous coat o f m a i l , l i k e a tessellated q u i n c u n c i a l pave
m e n t , over the en t i r e body , as s h o w n i n the transverse sect ion, 
fig. 16, d n, d p , dh, a n d the endoskeleton is b u t l i t t l e ossified. 
T h e l i k e is seen i n t h e H i p p o c a m p s . T h u s , i n Pegasus draco, 
fig. 124 , w i t h the excep t ion o f the smal l p remaxi l l a r i e s d, a n d 
m a n d i b l e e, a l l t he v i s ib l e h a r d par ts o f the head are due to t h e 
d e r m o s k e l e t o n : such, e. g . , as the r o s t r u m , a; the plates i n w h i c h 
the eyes are placed, h; the g i l l - cove r s , h; t he med ian p la te , g, 

s u p p o r t i n g the h y o b r a n c h i a l a rches ; the zone, i, s u s t a in ing the 
l a rge pec to ra l fins; a n d the h a r d case o f the i n c u b a t i n g pouch , 
o, q. 

I n t h e Ganoidei, pa r t s o f the exoske le ton coalesce w i t h endo-
ske le ta l bones o f t h e s k u l l , especial ly the sclerogenous ones, w h i l e 
o thers ove r l i e t h e t r u e c ran ia l bones. T h u s , i n the S t u r g e o n , 
t h e g a n o i d p la te , m a r k e d d 3, fig. 125, s imulates a superocci 
p i t a l ; 1 b u t i t s homologue i n Polypterus and Lepidosteus is s u b d i 
v i d e d : a n d as the ca r t i l ag inous homologue o f the epencephalic a rch 

1 CXLV. (1846) p. 134. 
O 2 
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under l ies the p la te d 3, i n Acipenser Sturio, so also do the ossified 
ex- and super-occipi tals u n d e r l i e i n Polypterus the three de rma l 
plates cor responding i n pos i t ion w i t h d 3 i n Ac. Sturio. T h e t r u e par
occ ip i t a l is equa l ly d i s t i nc t f r o m the p la te m a r k e d d 8, i n Ac. Sturio 
and i t s representa t ive subdivis ions i n Polypterus. T h e de rmal 
plates i n advance o f these coalesce w i t h the t r u e parietals , f r on t a l s , 
pos t f ron ta l s , and pa r t o f the mastoids. B u t the variet ies i n the 
de rma l plates w i t h i n the l i m i t s o f a genus, as exempl i f i ed b y the 

125 

Fore part of endo- and exo-skeleton of Sturgeon 
single i n t e r f r o n t a l i n Acipenser Sturio, b y the three i n t e r f r o n t a l s 
i n Ac. Scypha, b y the d i v i d e d superocc ip i ta l p la te i n Ac. breviros-
tris, & c , s u f f i c i e n t l y w a r n against the confus ion a r i s ing f r o m 
a p p l y i n g to de rma l plates the names o f the t r u e c ran ia l bones i n 
recent and e x t i n c t gano id and placoganoid fishes. T h e med ian 
c ran ia l ganoid plates i n the Sturgeons are p l a i n l y a c o n t i n u a t i o n 
f o r w a r d o f the de rma l plates, ( i b . d s, fig. 125 ) , o f the m i d - l i n e o f 

the b a c k ; and examples o f a l i k e r e 
p e t i t i o n occur amongst the Osseous 
Fishes i n the de rma l ep ic ran ia l spines, 
f o r example , o f the A n g l e r (Lophius), 
w h i c h suppor t the l o n g fishing-fila
ments u p o n the head, or i n those 
m o d i f i e d ones f o r m i n g the s u c k i n g disk 
on the head o f the Remora. 

I n ce r t a in fishes o f the D e v o n i a n or 
O l d R e d Sandstone pe r iod the head and p a r t o f the t r u n k were 
encased b y coar t icu la ted gano id b o n y plates. F i g . 127 shows the 
p ropor t ions i n w h i c h the exo- and endo-skeleton en te red i n t o the 
conservable f r a m e w o r k o f one o f these anc ien t fishes, t e r m e d 
Coccosteus (koltkos b e r r y , osteon bone) , i n reference to the t u b e r 
cu la r ename l l i ng o f the ex t e r io r o f the c o m b i n e d h e l m e t and 
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cuirass. I n the compos i t ion o f th i s a rmour , as de f ined 
sutures , n o t mucous grooves, m a y be 
discerned the f o l l o w i n g plates : 5, 
median ; 6, lateral; 7, premedian; 8, 
prelateral; 9, rostral; 12, dorsomedian; 
14, postdorsomedian ; 18, sublateral; 20, 

postventrolateral; 22, preventrolateral; 
24, suborbital. 

T h e b l a n k space be tween the neu
r a l , n, and haemal, h, spines o f t h e 
foss i l endoskele ton indicates the pos i 
t i o n o f the sof t ' no tochord , ' c, w h i c h 
has been dissolved away. 

I n the Pterichthys o f the same geo
log ica l f o r m a t i o n , the he lme t was 
m o v e a b l y a r t i cu l a t ed w i t h the t r u n k -
b u c k l e r . 

I n Cephalaspis the a r m o u r o f the 
head was shield-shaped, w i t h the pos
t e r i o r angles p roduced b a c k w a r d i n a 
p o i n t e d f o r m . 

T h e fishes w i t h enamel led de rma l 
bones i n the f o r m o f plates, w h e t h e r 
coa r t i cu la ted , fig. 127, or detached as i n 
the Sheat-fishes and S tu rgeons , f i g . 125, 
d p, d s, are ca l led e p l a c o g a n o i d : ' 
those i n w h i c h t h e y have the size, 
f o r m , and o v e r l a p p i n g a r rangement o f 
scales, fig. 126, are ca l led * l ep idogano id . ' 
T h e genera Polypterus and Lepidosteus 
excep t iona l ly e x e m p l i f y the l a t t e r con 
d i t i o n o f the de rmoske le ton a t t h e 
present day : i t was the r u l e w i t h the 
fishes o f t he mesozoic pe r iod , and 
w i t h those o f t h e palaeozoic w h i c h 
w e r e n o t 1 p l a c o i d ' or ' p l a c o g a n o i d . ' 

I n fig. 126, a indicates the ou te r 
surface o f par t s o f t w o series o f the 
r h o m b o i d a l g a n o i d scales o f the e x t i n c t 
Amblypterus: a n d b the i n n e r surface 
o f t w o scales, s h o w i n g the r i dge p r o 
duced a t one end i n t o a p r o j e c t i n g 
peg , w h i c h fits i n t o a n o t c h o f the n e x t 
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scale, i n the w a y t h a t t i l es are pegged toge ther i n the r o o f o f a 
house. 

I n the Porcupine-f i shes (Diodon) t he spines are suppor ted b y 
t r i r a d i a t e i n t e r l o c k i n g de rma l bones. 

§ 44 . Dermoskeleton of Reptiles.—In the Sc inco id f a m i l y o f the 
Lace r t i ans , t he scales are more or less oss i f i ed ; least so i n the 
smooth-scaled g e n e r a ( S c i n c u s , Tiliqua); b u t i n Cyclodus r e sembl ing 
scutes, and g i v i n g a k n o b b y character t o the surface. I n Cyclura, 
Lophura, and Xiphosurus velifer, d e r m a l bones i n the f o r m o f 
spines p ro j ec t or raise the s k i n above the dorsal or caudal vertebras. 
T h e ho r i zon ta l plates connate w i t h the n e u r a l spines, and w i t h 
the r i b s , are de rma l ossifications, as are the n e u r a l plates and 
m a r g i n a l plates w h i c h r e m a i n d i s t i n c t f r o m the endoskeleton, 
i n the composi t ion o f the carapace o f the Chelonia . T h e p las t ron 
is also f o r m e d b y de rma l plates, connate w i t h the s t e rnum and 
s terna l r ibs . 

I n e x i s t i n g C r o c o d i l i a the u p p e r surface o f the t r u n k is de
f ended b y b o n y scutes, u s u a l l y quadra te i n f o r m , smooth on the 
i n n e r surface, s c u l p t u r e d and l o n g i t u d i n a l l y r i d g e d on the o u t e r ; 
a r ranged i n transverse series, more or less apar t , o f twos o r 
f ou r s , u p o n the neck ; b u t s ix or e i gh t i n a t ransverse l i n e and 
close set, so as to have a l o n g i t u d i n a l as w e l l as transverse 
a r rangement a long the back. T h e numbers and pa t te rns o f these 
scutes are no ted i n zoological comparisons and characters o f 
genera and species. 1 T h e A l l i g a t o r s are defended b y a v e n t r a l 
as w e l l as dorsal cuirass, separated, as N a t t e r e r observed i n 
Champsa palpebrosa, Ch. trigonata, Ch. gibhiceps, o n l y b y a 
n a r r o w and so f t l o n g i t u d i n a l g roove a long the sides o f the neck 
and t r u n k . 2 B u t the most r emarkab le ana tomica l mod i f i ca t ions 
are presented b y the e x t i n c t and especial ly the mesozoic C r o 
codi l ia . 

T h e presence o f a v e n t r a l as w e l l as a dorsal series o f scutes 
and t he i r d i s t i n c t i v e characters were first no t ed i n t h e Teleosauri. 
T h e dorsal scutes are i n close-set sub- imbr ica te t ransverse rows , 
the poster ior m a r g i n o v e r l a p p i n g the an te r io r one o f the n e x t 
r o w . I coun ted t w e n t y such r o w s i n a specimen o f the W h i t b y 
Teleosaur, o f w h i c h s ix teen covered t h e vertebra? b e t w e e n the 
last ce rv ica l and first caudal . I n the v e n t r a l sh ie ld or p las t ron , 
o n l y the t w o scutes i n each r o w are on the same t ransverse pa ra l l e l 
w h i c h border the m i d - l i n e o f the a b d o m e n ; the others have an 
a l ternate i n t e r l o c k i n g a r rangement . These v e n t r a l scutes are 

• CLI, tom. x. pp. 79, 80, pi. n. 2 CLYH. torn. n. (1840) p. 320. 
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n o t c a r i n a t e ; a n d such is the case l i k e w i s e w i t h the dorsal scutes 
o f ce r t a in species 1 o f Teleosaur. I n a W e a l d e n Crocodi le ( Gonio-
pholis), the angles o f the o b l o n g quad r i l a t e r a l dorsal scutes are 
w e l l m a r k e d , and f r o m one o f t h e m was con t inued a peg - l i ke 
process, w h i c h fitted a depression on the under surface o f the con
t i g u o u s angle o f the n e x t scute, thus s e rv ing to b i n d toge ther the 
scutes i n the w a y i n w h i c h the enamelled scales were u n i t e d i n 
m a n y e x t i n c t ganoid fishes, fig. 125. T h e outer surface was 
impressed b y numerous deep, r o u n d , or o b l o n g p i t s ; b u t a l a rge r 
p r o p o r t i o n o f the fo re p a r t o f th i s surface was ove r l apped b y the 
antecedent scute t han i n Teleosaurus, and th i s p a r t is smooth and 
t h i n n e r t h a n the rest o f the scute. Assoc ia ted w i t h the quadra te 
t oo thed scutes, ascr ibed to the back o f Goniopholis, and i r r e g u 
l a r l y scat tered i n the m a t r i x , I have observed others o f a hexa
gona l f o r m , w i t h a s i m i l a r l y p i t t e d ou te r surface, b u t w i t h o u t the 
peg , and w i t h t h i c k s u t u r a l marg ins . T h e y indica te a s imi l a r 
a l ternate a r rangement and i n t e r l o c k i n g o f the v e n t r a l scutes, as 
i n Teleosaurus. 

T h e de rma l a r m o u r o f Hylceosaurus and Scelidosaurus appears to 
have consisted o f series o f detached scutes o f an e l l i p t i c a l or c i r c u l a r 
f o r m , w i t h o u t s u t u r a l or smooth ly o v e r l a p p i n g m a r g i n s : o f g rea t 
th ickness , w i t h the ou te r surface, i n most , p y r a m i d a l , or r i s i n g to 
a l o n g i t u d i n a l r i d g e d s u m m i t . I n Hylceosaurus ce r t a in scutes 
s i tua ted above the dorsal spines were o f a v e r y l o n g and n a r r o w 
t r i a n g u l a r f o r m w i t h the base o b l i q u e ; and seem to have 
f o r m e d a defensive f r i n g e o f s t rong spines a long the back , as i n 
Xiphosurus. I n Scelidosaurus the surface was defended b y several 
l o n g i t u d i n a l series o f massive unconnec ted bones : those i n the 
m i d d l e o f the dorsal surface b e i n g i n pairs u p o n the nape, a n d 
s ingle a long t h e t a i l , w h e r e three are coextensive w i t h f r o m five 
t o seven subjacent vertebras : a cor responding med ia l series o f 
r a the r smal ler a n d less v e r t i c a l l y developed scutes defended the 
unde r surface o f the t a i l ; a n d there were one or more l a t e r a l 
series o f a more depressed a n d f u l l e r ovate f o r m , i n t h a t r e g i o n . 2 

1 CXI/VT. p. 79. The volume of the Serial containing Natterer's memoir, though 
bearing the date 1840, had not reached this country when I communicated the second 
part of my ' Report on Fossil Reptiles' to the British Association. 

2 CXCIII. 
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C H A P T E R I I I . 

MUSCULAR SYSTEM OP HSEMATOCRYA. 

128 

§ 45 . Structure of Muscle.—Muscular t issue is fibrous, and resol
vable i n t o fine threads inclosed i n a del icate sheath, ca l led elemen
t a r y fibres.' These, i n Ver t eb ra t e s , are o f t w o k i n d s ; i n one the 
fibre is crossed b y close pa ra l l e l l ines ; i n the o ther i t is smooth. 
T h e t ransversely s t r iped character is too fine to be seen w i t h o u t the 
a id o f the microscope; b u t m a y be ind ica t ed to the naked eye b y 
the iridescence o f the surface i n ce r t a in l i g h t s . 1 A l l the muscles 
subject t o the in f luence o f the w i l l , or cerebra l ac t ion , have s t r iped 
fibres. M o s t o f the i n v o l u n t a r y muscles have u n s t r i p e d fibres; 
those o f the hear t and g u l l e t are among the excep t ions ; and, on 
the o ther hand , the muscles p e r f o r m i n g the r h y t h m i c a l movements 
o f the g i l l - cove r s i n fishes, l i k e those o f t h e thorac ic wal l s i n 

I h i ghe r a i r -breathers , have the 
s t r iped fibre. B u t besides the close 
cross pa ra l l e l l ines, l o n g i t u d i n a l 
ones, da rker , w i d e r apar t , and o f 
v a r y i n g ex ten t , o f t e n present t h e m 
selves on the e lementa ry fibre o f 

e v o l u n t a r y musc le , as i n fig. 128 , 
A a? 

T h e fibre, t h o u g h t e r m e d c ele
m e n t a r y ' m a y , b y m a n i p u l a t i o n 
a n d chemica l agency, be resolved 
i n t o par ts o f d i f f e r e n t f o r m s . 3 I t 

Portions of striped elementary fibres, showing x 

a cleavage in opposite directions, magnified Seems mos t prone t o Spl i t i n t o l o n -
300 diam. CLXXXV. . - . - A . \ 

g i t u d m a l t rac t s , w h i c h have been 
t e r m e d ' f i b r i l s , ' fig. 128, A , b and c, and these have a show 
o f segments e q u a l l i n g i n l e n g t h the b r e a d t h o f t h e transverse 
striae. Sometimes such segments appear b y a l te rna te d a r k and 
l i g h t par ts o f a cont inuous r ec t i l i nea r fibril, as i n the u p p e r po r 
t i o n at c, fig. 128. Sometimes the segments are m a r k e d o f f b y 

1 xx. vol. i . p. 10. 2 CLXXXV. p. 508. 8 Ib. 
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cons t r i c t ions , g i v i n g a scol loped border and beaded character t o 
the fibril, as i n the l o w e r p o r t i o n , at c. Sometimes the s t r iped 
fibre cleaves i n t o t ransverse por t ions or discs, fig. 128, B, a, b, 
cor responding i n b r ead th to the cross-stripes, and to the seeming 
segments o f the fibrils. 

T h e f o l l o w i n g is the average d iameter o f the s t r i ped fibre, o f 
d i f f e r e n t classes, i n f r ac t ions o f an i n c h : — 

Fishes f r o m y i r *° -gV 
Rep t i l e s , , yoVo -YO~O 
J J 1 1 U B » 15 00 " 3 5 0 
M a m m a l s „ T ^ „ - j - ^ - . 1 

T h u s , among ver tebrates , fishes, and i n fishes the Skates {Raid), 
have the t h i ckes t e lementa ry s t r i ped muscu la r fibre; and i t s 
elastic t u n i c , t he ' sarcolemma, ' can be best demonst ra ted i n t h e m . 
W h e n the fibre is b r o k e n across, as i n fig. 129, the sarcolemma a 
may. r e m a i n , connec t ing the severed por t ions , b, b. 

T h e character is t ic v i t a l p r o p e r t y o f muscu la r fibre is t o a l te r , 

129 

Portions of a broken elementary striped muscular fibre b, held together 
by the untorn twisted sarcolemma a. Baia batis. CLXXXV. 

under s t imu lus , i t s r e l a t i ve dimensions o f l e n g t h and b read th . 
W h e n i t becomes shor ter and t h i c k e r i t is said ' t o c o n t r a c t ; ' and 
b y these cont rac t ions the movements o f the b o d y , and o f i t s par ts , 
are p roduced . 

I n the c o n t r a c t i o n o f a smooth e lementa ry muscu la r fibre i t has 
been seen t o g r o w t h i c k e r a t a p a r t , and shor ter , w i t h o u t f a l l i n g 
o u t o f t h e s t r a i g h t l i n e . 2 I n the con t r ac t ion o f a s t r i ped e lemen
t a r y fibre i t has been seen to g r o w t h i c k e r a t successive par t s , b y 
a p p r o x i m a t i o n o f the cross s tr ipes, as i n fig. 130, a t a, a, a, a l ong 
one s ide; or engag ing the w h o l e th ickness o f the fibre, as a t b,b,b; 
a n d these successive p a r t i a l t h i c k e n i n g s , w i t h concomi t an t shor ten
i n g o f the fibre, have been t e r m e d ' w a v e s o f c o n t r a c t i o n . ' 3 

O n t h e cessation o f the act , t he fibre m a y f a l l i n t o z ig-zag fo lds 

1 CLXXXV. p. 510. 2 xciv. Editor's note, p. 261. (1837). 3 CLXXXV. p. 525. 
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130 

on r e suming i t s l e n g t h ; b u t i t is c o m m o n l y d r a w n o u t s t r a igh t , as 
before the con t rac t ion , b y ' a n t a g o n i s t i c ' muscles, i n the l i v i n g 

an ima l . T h e uncon t r ac t ed state o f mus 
cu la r fibre is sometimes t e r m e d f re laxa
t i o n , ' b u t is more p r o p e r l y a state o f 
quiescence or equ ipo l l ency . 

Musc les consist o f series or bundles o f 
the e l ementa ry fibres, w i t h t h e i r vessels 
and nerves, connected toge the r b y areolar 
t i s s u e : e i ther i n l eng thened or flattened 
masses, fixed a t the t w o ex t remi t i es , cal led 
c so l id musc les ; ' or disposed a round cavities 
or canals, and ca l led ' h o l l o w muscles. ' 

T h e non-con t rac t i l e fibrous parts b y 
w h i c h the ' so l id m u s c l e s ' are at tached to 
the endo- sclero- a n d exo-skeletons, are 
cal led £ t endons ' w h e n l o n g and slender, and 

• ' aponeuroses ' w h e n b road and flat. 
§ 46 . Myology of Fishes.— T h e m o d i f i c a t i o n o f the ac t ive organs 

o f m o t i o n , and t h e i r dev ia t ion f r o m the f u n d a m e n t a l ver tebra te 
t y p e , proceed concomi t an t l y w i t h the metamorphosis o f the passive 
organs, as Ver t eb ra t e s rise i n the scale and g a i n h i g h e r and more 
va r i ed e n d o w m e n t s : t he re fo re , as the segments o f the skele ton 

Stages of contraction seen in an 
elementary fibre of the Skate. The 
uppermost state is that previous to 
the commencement of contraction. 
CLXXXV. 

preserve the greatest a m o u n t o f u n i f o r m i t y i n the lowes t class, so 
does the p r i n c i p l e o f vege ta t ive r e p e t i t i o n mos t p r e v a i l i n the 
cor responding segments o f the muscu la r system. 

T h e c h i e f masses o f th i s system i n o r d i n a r y Osseous Fishes are 
disposed on each side o f the t r u n k , i n a series o f v e r t i c a l flakes o r 
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segments, cor responding i n n u m b e r w i t h the vertebra?. E a c h 
l a t e r a l flake {myocomma, fig. 1 3 1 , a, b, c) 1 is a t tached b y i t s i n n e r 
bo rde r t o t h e osseous and fibrous par ts o f the cor responding 
v e r t i c a l l y ex tended segment o f the endoskeleton, b y i t s ou ter 
bo rde r to the s k i n , and b y i t s f o r e and h i n d surfaces to an aponeu
r o t i c sep tum c o m m o n to i t and the cont iguous myocommas. T h e 
ge la t inous tissue o f these septa is dissolved b y b o i l i n g , and the 
muscu la r segments or flakes are t h e n easi ly separated, as w e find 
i n c a r v i n g a fish a t table . T h e vegeta t ive s i m i l a r i t y o f the m y o 
commas o f the t r u n k has l e d to t h e i r b e i n g descr ibed as par ts o f 
one 1 g rea t side-muscle, ' e x t e n d i n g f r o m the occ ipu t and scapular 
a rch to the bases o f the caudal fin-rays. T h e modi f ica t ions o f the 
c ran ia l vertebra? impress cor responding changes on t h e i r muscu la r 
segments, and special names have been conven i en t l y app l ied to 
t h e i r cons t i tuen t , and i n f a c t o f t e n separated and independen t ly 
ac t i ng , f a sc i cu l i . 

T h e fibres o f each m y o c o m m a o f the t r u n k r u n s t r a i g h t and 
nea r ly h o r i z o n t a l l y f r o m one sep tum to the n e x t ; b u t t h e y are 
p e c u l i a r l y g rouped , so as u s u a l l y to f o r m semi-conical masses, o f 
w h i c h the upper , a, and l o w e r , b, have t h e i r apices t u r n e d back
w a r d ; w h i l s t a m i d d l e cone, c, f o r m e d b y the cont iguous par ts o f 
t h e p reced ing , has i t s apex d i r ec t ed f o r w a r d ; th i s fits i n t o the 
interspace be tween the antecedent upper and l o w e r cones, the 
apices o f w h i c h r ec ip roca l l y enter the depressions i n the succeeds 
i n g segment, w h e r e b y a l l the segments are firmly l ocked toge ther , 
t h e i r genera l d i r e c t i o n b e i n g f r o m w i t h o u t o b l i q u e l y i n w a r d and 
b a c k w a r d , a n d t h e i r pe r iphe ra l borders desc r ib ing the z ig-zag 
course represented i n fig. 1 3 1 , i n w h i c h one m y o c o m m a is r ep re 
sented p a r t l y detached, and others q u i t e r e m o v e d f r o m the side o f 
t h e abdomen. T h u s , g u i d e d b y the f u n d a m e n t a l segmenta l t y p e 
o f the ver tebra te s t r u c t u r e , w e come to recognise the ' g r a n d 
musc le la tera le , ' o f C u v i e r , as a g r o u p o f essential ly d i s t i n c t 
v e r t i c a l masses or segments. A super f i c i a l v i e w o f these seg
ments , or an a r t i f i c i a l analysis , has l e d to t h e i r b e i n g regarded as 
f o r m i n g a series o f h o r i z o n t a l muscles, e x t e n d i n g l e n g t h w i s e f r o m 
the head t o t h e t a i l : t he u p p e r po r t ions , a, o f the myocommas 
b e i n g g r o u p e d toge ther , a n d descr ibed as a dorsal l o n g i t u d i n a l 

1 Professor Goodsir proposes (CLXXVIII.) to alter this term to ' myotome,' and to 
substitute for ' vertebra' or 'osteocomma (CXLI, 1849, p. 88) the term 'sclerotome,' 
&c.: but this form of compound has been pre-engaged, for their 'special cutting 
instruments, by the sclerotomists, neurotomists, lithotomists, and other classes of 
operating surgeons and their instrument-makers. I f the itch of change be uncontrol
lable, I would suggest 'osteomere,' * scleromere,' ' neuromere,' &c. (Gr. pepos, part 
instead of K6(ijxa, segment. 
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muscle , w i t h tendinous intersect ions d i rec ted d o w n w a r d and back
w a r d — the l o w e r por t ions , b, as a v e n t r a l l o n g i t u d i n a l muscle , 
w i t h tendinous intersect ions d i r ec t ed d o w n w a r d and f o r w a r d , 
w h i l s t the marg ins o f the m i d d l e por t ions o f the myocommas, c, 
be ing cu rved , and u s u a l l y bisected b y the l a t e ra l mucous l i n e , have 
been t a k e n as ind ica t ions o f t w o in te rmedia te l o n g i t u d i n a l muscles. 

I n the Sharks , ins tead o f a cu rve the marg ins o f the midd le 
por t ions o f the myocommas f o r m an angle w i t h the apex t u r n e d 
f o r w a r d , fig. 1 3 2 ; and i n the R a y s the dorsal por t ions have 

ac tua l ly become insu la t ed f r o m the m i d d l e ones, and me tamor 
phosed i n t o a cont inuous l o n g i t u d i n a l muscle , fig. 139, a, t he 

133 change b e i n g essential ly the same w i t h t h a t w h i c h the 
b o n y segments themselves undergo , w h e n b y anchy
losis the sacral or c ran ia l vertebrae are b lended i n t o a 
cont inuous l o n g i t u d i n a l piece. I n m a n y b o n y fishes 
the m i d d l e fibres o f the caudal myocommas are d is 
posed i n t w o cones; a t ransverse sect ion o f the t a i l 

l 0 f as i n fig. 133, shows the t w o concentr ic series o f c u t 
Mackarei. segments o f the sheathed cones, on each side o f the 

spine. T h e por t ions o f the myocommas above t h e l a t e r a l l i ne 
become g rouped , i n fish-like B a t r a c h i a and i n O p h i d i a , i n t o three 
l o n g i t u d i n a l muscles, comparable respec t ive ly t o the ' spinalis 
d o r s i , ' e longiss imus dors i , ' and e sacrolumbalis , ' the por t ions be low 
the l i n e responding to ce r t a in intercostals and the ' rec tus abdo
m i n i s , ' o f h ighe r vertebrates . 

T h e myocommas o f one side are separated f r o m those o f the 
opposite side o f the b o d y b y the vertebra?, b y the i n t e r n e u r a l 
and interhaemal aponeuroses, and b y the abdomina l c a v i t y and i ts 
p roper w a l l s , fig. 1 3 1 , h, p. T h e v e n t r a l po r t ions recede f r o m each 
other t o g ive passage to the v e n t r a l fins, v , as i n fig. 135, a : and 
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the v e n t r a l and l a t e r a l t rac ts separate to g i v e passage t o the pec
t o r a l fins, as a t a, h, fig. 134. 

F r o m th i s p a r t ' f o r w a r d , por t ions o f the myocommas undergo 
t h a t change, analogous to anchylosis , w h i c h j u s t i f i e s t h e i r b e i n g 
rega rded as d i s t i n c t l o n g i t u d i n a l musc les : here the separated 
v e n t r a l t r ac t , fig. 135, a, derives a firmer o r i g i n f r o m the c lav ic le , 
and , i n consequence o f the f o r w a r d c u r v e o f the coracoid, i t is 
n o t o n l y expanded b u t l eng thened ou t , i n order t o be inser ted 
there . B u t the ser ial homology o f t h i s fasciculus w i t h the more 
n o r m a l v e n t r a l po r t ions o f the succeeding myocommas , the haama-
p o p h y s i a l a t tachments o f w h i c h have n o t r i sen above the aponeu
r o t i c state, is unmis takeab le . T h e l a t e r a l p o r t i o n o f the an te r io r 
m y o c o m m a , fig. 134, h,g, is a t tached to the uppe r end o f the coracoid 
and to the scapula ; the dorsal p o r t i o n , f , to the suprascapula, par 
occ ip i t a l and superocc ip i ta l . W e recognise the dorsal p o r t i o n o f 
the pos ter ior c ran ia l m y o c o m m a i n the fasc iculus ca l led £ p r o t r a c t o r 
scapula?,' fig. 134, e, t he m i d d l e p o r t i o n i n t h a t w h i c h is exposed 
b y the r e m o v a l o f the o p e r c u l u m , and w h i c h extends f r o m the 
scapula t o the mas to id , fig. 137, 26; the v e n t r a l por t ions i n the 
f a s c i c u l i c o n t i n u e d f r o m the coracoid f o r w a r d to the h y o i d , c, c, 

134 

fig. 135 : t he co r re spond ing po r t ions o f the more an te r io r cephalic 
m u s c u l a r segments m a y be recognised i n d and 27, fig. 135. 
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O t h e r d i smemberments o f the c r an i a l myocommas are specialised 
t o act u p o n the branchios tega l appendages, t h e branchiae, the 
u p p e r and l o w e r j a w s , & c . ; and t h e c h i e f o f these, unde r t h e i r 
special denominat ions w i l l n e x t be no t i ced . 

T h e uppe r and l o w e r j a w s are so connected toge the r i n Osseous 
Fishes t h a t one cannot be m o v e d w i t h o u t a f f e c t i n g the other , and 
b o t h are a l ike moveable . P r o t r u s i o n and r e t r a c t i o n af fec t t h e m 
equa l l y , and u s u a l l y to a greater e x t e n t t h a n d i v a r i c a t i o n and ap
p r o x i m a t i o n , or the open ing and s h u t t i n g o f the m o u t h : i n a 
m i n o r degree, also, t he t w o halves o f b o t h m a x i l l a r y and m a n d i b u 
la r arches have transverse movements , v a r y i n g the angle a t w h i c h 
t h e y severa l ly mee t at the p r e m a x i l l a r y or p r e m a n d i b u l a r symphysis . 
T h e most i m p o r t a n t r e t r ac to r , w h i c h tends i n t h a t ac t ion also to close 
the m o u t h , is t he la rge subquadra te musc le , retractor oris, fig. 134, 
20, 20, w h i c h arises f r o m the t y m p a n i c pedicle and an ter ior border 
o f the p r eope rcu lum, and is inse r ted b y the u p p e r fasciculus i n t o 
the m a x i l l a r y ; b y a l o w e r fasc iculus i n t o the mand ib l e b e h i n d the 
coronoid process; and b y an aponeurosis i n t o the membrane u n i t i n g 
the t w o j a w s near the angle o f the m o u t h . T h e muscle w h i c h 
tends to open the m o u t h b y depressing the m and ib l e , on w h i c h i t 

exc lus ive ly acts, is t h a t m a r k e d 27 i n fig. 135 ; i t arises f r o m the 
cera tohyal , and is inser ted i n t o the back p a r t o f the den t a ry , near 
the symphysis . C u v i e r deems i t t he homologue o f the geniohy-
oideus. A b o v e the inser t ions o f the g e n i o h y o i d pa i r is a musc le , 
the intermandibularis, fig. 135, 21, w h i c h passes t ransverse ly f r o m 
one den ta ry to the o ther , a p p r o x i m a t i n g the halves o f the m a n -
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d ib l e a f t e r t h e y m a y have been d ivar ica ted . T h e l a t t e r m o v e m e n t 
depends u p o n the d r a w i n g u p w a r d and o u t w a r d o f the t y m p a n i c 
pedicle . T h i s ac t ion is p e r f o r m e d ch ie f ly b y the muscle , levator 
tympani, figs. 134 and 137, 24, w h i c h arises f r o m the p o s t f r o n t a l 
and expands t o be inse r ted i n t o the ep i - and p re - tympan ics and 
i n t o the ec top t e rygo id . I n r a i s i n g or d r a w i n g o u t w a r d the t y m 
panic pedicle a n d at tached p a r t o f the p t e r y g o i d , th i s muscle tends 
t o d i la te the b r anch i a l c a v i t y and the back p a r t o f the m o u t h . I t 
is antagonised b y the muscle , depressor tympani, fig. 136, 22, 22, 
w h i c h arises f r o m the basi- and ali-sphenoids, and expands w i t h 
d i v e r g i n g fibres to be inse r ted i n t o the e p i - and p re - tympanics and 
i n t o the en top t e rygo id . I t depresses the t y m p a n i c , or approximates 
i t t o the opposite pedic le , and contracts the b ranch ia l c a v i t y . 

T h e movements o f the opercular appendage are l i k e those o f i t s 
s u p p o r t i n g a rch , a n d are p e r f o r m e d b y muscles p laced b e h i n d 
those o f t h a t arch. T h e levator operculi, figs. 134 and 136, 25, 
arises f r o m the mas to id crest, and is inse r t ed i n t o the uppe r and 
ou te r p a r t o f the opercular bone. T h e depressor operculi, fig. 136, 

136 

26, arises f r o m the a l i sphenoid and pe t rosa l , and is inse r t ed i n t o 
t h e i n n e r r i d g e o f the opercu la r bone. T h e retractor hyoidei, 
fig. 137 , 1 d, fig. 135, c, c, extends f r o m the coracoid to the u r o -
a n d bas i -hyals , b u t is c h i e f l y i m p l a n t e d i n t o the sides o f t h e 
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f o r m e r , and becomes t h r o u g h the m e d i u m o f 27, a r e t r ac to r o f the 
mandib le . W h e n the r e t r ac to r h y o i d e i relaxes and the mandib le 
is the fixed p o i n t , the gen io -hyo ide i , fig. 135, 27, 'become p ro 
t rac tors o f the h y o i d arch. I n some fishes a transverse muscle , 
repea t ing the characters o f 21, fig. 135, passes f r o m one ceratohyal 
t o the other . T h e branchios tegal appendage has muscles f o r rais
i n g and depressing, d i v a r i c a t i n g and a p p r o x i m a t i n g the rays. T h e 
levator branchiostegorum, figs. 135 and 136, 28, arises f r o m the 
i n n e r surface o f the h inde r h a l f o f the opercular bone and f r o m 
a cont iguous p a r t o f the subopercular , and is con t i nued f r o m ray 
to r a y to the lowest , b e i n g loosely a t tached to t h e i r i n n e r surface. 
I t f o rms a k i n d o f muscu la r capsule o f the b r anch i a l chamber. 
T h e depressor branchiostegorum, fig. 135, d, arises f r o m the lower 
end o f the cera tohyal and passes o b l i q u e l y b a c k w a r d , crossing 
i t s f e l l o w , to be inse r ted i n t o the i n f e r i o r branchiostegal ray . 
These muscles regu la te the capaci ty o f the b ranch ia l chamber, 

and m a i n l y act u p o n the w a t e r i t con ta ins : t h e y show accord
i n g l y m u c h d i v e r s i t y , especially 28, i n r e l a t i o n to the r e sp i r a to ry 
characterist ics and connected pecu l ia r i t i es i n d i f f e r e n t fishes. I n 
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the A n g l e r (Lophius) the leva tor is enormous, f o r m i n g the w a l l 
o f t he capacious reservoi r on each side and b e h i n d the g i l l s , and 
u n i t i n g ex t ens ive ly w i t h i t s f e l l o w a t and b e y o n d the u r o h y a l : 
each l o n g branchios tega l r a y has, l i k e w i s e , i t s pecul ia r muscles, 
o r i g i n a t i n g f r o m the s u p p o r t i n g arch. I n the Anguillidce t he 
i s t h m a l u n i o n or raphe o f the levatores reaches f r o m the basi-
and u ro -hya l s to the coracoid. 

T h e b r a n c h i a l arches are suppl ied w i t h muscles a t t ach ing t h e m 
t o s u r r o u n d i n g par ts , or passing f r o m one p a r t t o another o f the 
a rch i t se l f . 

T h e branchi-levatores, f i g . 137, 3, arise f r o m the a l i sphenoid and 
d i v i d e i n t o f o u r f a sc i cu l i , r espec t ive ly inser ted i n t o the ep ib ran -
ch ia l o f i t s o w n arch. T h e masto-branchialis, i b . 26, arises f r o m 
the e x t r e m i t y o f the mas to id , and divides i n t o t w o f a sc i cu l i , one 
inser ted i n t o the f o u r t h ep ib ranch ia l , the o ther i n t o the t h i r d 
p h a r y n g o b r a n c h i a l and the cont iguous p a r t o f the p h a r y n x . 

T h e branchi-retractores consist o f t w o f a sc i cu l i , one super ior , 
fig. 137, 37, w h i c h arises f r o m the uppe r h a l f o f the coracoid, 
passing h o r i z o n t a l l y t o i t s i n s e r t i o n : the o ther i n f e r i o r , i b . 32, 
'passing f r o m the l o w e r p a r t o f the coracoid o b l i q u e l y u p w a r d : 
t h e y r e t r a c t and p a r t l y depress the b r a n c h i a l arches. 

T h e branchi-depressor, fig. 137, 35, arises f r o m the bas ihya l a n d 
ascends o b l i q u e l y b a c k w a r d t o i t s i n s e r t i o n i n t o the cera to
branchia ls : i t is the more d i r e c t an tagonis t o f the levatores. 

The protractor scapula, fig. 134, e, arises f r o m the back p a r t o f 
the mas to-par ie ta l r i d g e , and is inse r ted i n t o the coa r t i cu la ted 
par ts o f the suprascapula and scapula. T h e m i d d l e p o r t i o n o f the 
grea t l a t e r a l musc le , i b . g, h, serves, b y i t s i n se r t i on , as a retractor 
scapulce. T h e co r re spond ing i n s e r t i o n o f the l o w e r p o r t i o n o f the 
g rea t musc le i n t o the coracoid re t rac ts t h a t p a r t o f the scapulo-
coracoid a rch , a n d is so m o d i f i e d as t o have rece ived the name 
subcoracoideus, i b . a, fig. 1 3 1 , / ! 

T h e muscles o f the pec to ra l fin f o r m a pa i r , i n t w o layers , o n 
b o t h the ou t e r a n d i n n e r sides o f i t s an t ib rach io-ca rpa l base: and 
the fibres o f one l a y e r r u n o b l i q u e l y i n a d i f f e r e n t d i r e c t i o n f r o m 
those o f t h e o ther l a y e r i n b o t h pai rs o f muscles . T h e ou te r p a i r 
abducts o r p ro t r ac t s t h e fin, t he i n n e r pa i r adducts or re t rac t s i t , 
s w e e p i n g i t b ack i n t o contact w i t h the flank : t he first m o v e m e n t 
m i g h t be ca l led ' ex tens ion , ' t he second, ' flexion.' T h e s u p e r f i c i a l 
abduc to r , fig. 134 , 14, arises f r o m the u p p e r a n d ou te r p a r t o f t h e 
c o r a c o i d ; i t tends t o elevate as w e l l as e x t e n d the p e c t o r a l : t h e 
deep abduc to r , fig. 137, 15, comes f r o m t h e ou t e r bo rde r o f the 
l o w e r p a r t o f the c o r a c o i d ; i t depresses as w e l l as extends the fin. 

VOL. I . P 



210 ANATOMY OF VERTEBRATES. 

T h e l o w e r por t ions o f b o t h muscles are s h o w n i n fig. 135, 14, 15. 
O f the i nne r pa i r o f muscles, a p o r t i o n o f the deeper l aye r , dis
posed so as to raise as w e l l as adduc t the pec to ra l fin, is shown at 
16, fig. 137. E a c h muscle is inse r ted i n t o the bases o f the fin-rays, 
r e s o l v i n g i t s e l f i n t o f a sc i cu l i and shor t tendons corresponding i n 
n u m b e r w i t h those rays : b y d i f f e r e n t combinat ions o f ac t ion these 
f a sc i cu l i d ivar ica te or approx ima te the rays . 

T h e i schia l basis o f the v e n t r a l fins i n abdomina l fishes may be 
m o v e d a l i t t l e f o r w a r d or b a c k w a r d b y the ac t ion o f the c i n f r a -
ca r ina les ' accord ing as t h e y l i e i n f r o n t or b e h i n d the pelvis . 
T h e l a t t e r , ' retractor ischii? fig. 1 3 1 , w, pass b a c k w a r d to the 
v e n t , inclose i t , and are con t i nued to the base o f the anal fin. T h e 
protractor ischii, fig. 135, 18, passes f o r w a r d t o be at tached to the 
l o w e r end o f the coracoid. T h e pro t rac to rs are shor t i n thoracic 
fishes, e. g . , the P e r c h , and less d i s t i n c t f r o m the l o w e r parts o f 
the myocommas t h a n i n v e n t r a l fishes, e. g . , t he Sa lmon. I n 
fishes, e. g . , t he L o p h i u s , w h e r e the ischia are w i d e apar t , there 
is a transverse muscle to d r a w t h e m toge ther , and antagonise 
the por t ions o f the side muscles t h a t t e n d t o d r a w t h e m f u r t h e r 
apart . T h e muscles w h i c h act u p o n the v e n t r a l rays , l i k e those 
o f the pec to ra l ones, f o r m a pa i r , or t w o layers o f s l i g h t l y decus
sa t ing fibres, on b o t h the ou te r and i n n e r sides o f the base o f the 
fin. T h e outer or i n f e r i o r muscles, fig. 135, 16, 17, depress or 
e x t e n d the v e n t r a l fins ; the opposite muscles raise o r flex t h e m . 
T h e p o r t i o n o f the deeper depressor s h o w n at 17, fig. 135, serves 
t o expand or d i l a t e the vent ra l s . 

T h e movements o f the rays o f the med ian fins are e f fec ted 
b y th ree or f o u r pairs o f smal l muscles at tached t o each r a y . 
T h e super f i c i a l ones, fig. 1 3 1 , x, a r i s i ng f r o m t h e s k i n , are 
inser ted i n t o the sides o f the base o f the de rmoneu ra l o r de rmo-
haemal spine. T h e deep ones, i b . y, arise f r o m the i n t e r n e u r a l 
o r interhaemal spine, and are inse r t ed i n t o the base o f the 
de rmoneura l or dermohasmal sp ine : the an te r io r o f these, fig. 
137, 3, erects the spine ; the pos ter ior , i b . 4, depresses i t . T h e 
myocommas answer ing t o the n e u r a l and haemal spines o f the 
coalesced or suppressed centres o f the t e r m i n a l caudal vertebrae, 
change t h e i r d i r e c t i o n l i k e those spines, s l i g h t l y d i v e r g i n g f r o m 
the axis o f the t r u n k to be inse r t ed i n t o t h e m : these m o d i f i e d te r 
m i n a l segments, b y t h e i r connec t ion w i t h the i n t e r l o c k e d m y o 
commas o f the grea t l a t e r a l masses, concentra te the c h i e f fo rce 
o f those muscles u p o n the caudal fin. T h e rays o f th i s i m 
p o r t a n t fin are m o v e d b y three series o f muscles , t he one super
ficial, the second deep-seated, the t h i r d in t e r sp inous . T h e 
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supe r f i c i a l musc le , a r i s ing f r o m the t e r m i n a l aponeurosis o f the 
' l a t e r a l muscle , ' expands and separates fan-wise , fig. 1 3 1 , z, to i t s 
i n s e r t i o n i n t o the bases o f the caudal rays. T h e deeper-seated 
fascicles are exposed b y the r e m o v a l o f the f o r e g o i n g and t h e i r 
aponeurot ic o r i g i n , and arise f r o m the coalesced t e r m i n a l cen t rums 
o f the caudal vertebrae, t o be inser ted f u r t h e r f r o m the basal j o i n t s 
o f t he rays , and more advantageously f o r e f f ec t ing the movements 
w h i c h a l te r the spread o f the t a i l - f i n . Slender l o n g i t u d i n a l mus 
cles, supra-carinales, ex t end a long the m i d - l i n e o f the back f r o m 
t h e occ ipu t t o the first dorsal , and a long the interspaces o f the 
dorsal fins i n the C o d : s imi la r muscles, fig. 1 3 1 , u, e x t e n d f r o m 
the las t dorsal t o the caudal fin i n the P e r c h ; and infra-cari-
nales, i b . v, e x t e n d f r o m the anal t o the caudal a long the k e e l o f 
the t a i l . I n the G y m n o t u s the supra-carinales f o r m a s ingle pa i r , 
w h i c h extends f r o m the occ ipu t t o the end o f the t a i l . T h e m o d i 
fied c ran io -de rmal spines, w h i c h cons t i tu te t h e ova l sucking-disc 
o f the R e m o r a , have a complex series o f m i n u t e muscles, w h i c h 
raise or depress the transverse l a t t i c e - w o r k ; and thus become the 
means o f g i v i n g the l i t t l e feeble fish a l l the advantage o f the r a p i d 
course o f the wha le or t h e ship to w h i c h i t m a y have a t tached 
i t se l f . T h e muscu la r and membranous webs o f the coalesced pec
tora ls a n d ven t ra l s o f the L u m p - f i s h , f o r m a sucker on the oppo
site surface o f the body , b y w h i c h i t m a y safely anchor i t s e l f t o the 
r o c k , i n the m i d s t o f the t u r b u l e n t s u r f or s torm-tossed breaker . 

T h e r e are m a n y modi f i ca t ions o f the muscu la r sys tem i n the 
orders a t the t w o extremes o f the class. 

T h e segmental d i spos i t ion o f the muscu la r masses is mos t 
s imple , mos t d i s t i nc t , most l i k e the annulose t y p e , i n the Cyclo-
stomi: y e t i t is cons iderably specialised f o r the due w o r k i n g o f 
the suc to r i a l apparatus. I n the L a m p r e y , fig. 138, slips are con
t i n u e d or d e r i v e d f r o m the an t e r io r p a r t o f the myocommas , f o r 
d r a w i n g back , b e n d i n g i n d i f f e r e n t d i rec t ions , and e x p a n d i n g the 
m o u t h . O f these, the super ior , e, is inse r t ed i n t o the car t i l age , 
fig. 2 4 , 20; raises and fixes i t , g i v i n g a f u l c r u m and f a v o u r a b l e 
d i r e c t i o n f o r the musc le , fig. 138 , b, w h i c h d i r e c t l y re t rac ts and 
raises the sucker , a: t he i n f e r i o r s l ip , / , is inse r t ed i n t o the p r o 
cess, fig. 2 4 , q, a n d i n t o the l o w e r bo rde r o f the g r i s t l y base o f the 
sucker , i b . 22 : i t re t rac t s and depresses the sucker . A n i n t e r m e 
dia te l a t e r a l s l i p , i n se r t ed a l i t t l e h i g h e r u p o n the m a r g i n o f q, fig. 
2 4 , r e t rac t s and d raws o u t w a r d the sucker . A l l these re t rac tors , 
co -ope ra t ing , serve to expand the s u c k e r ; or , i f d u l y antagonised 
b y the sphincter oris, p u l l back the ob jec t seized b y the sucker , o r 
d r a w t h e b o d y o f the fish t owards i t , a cco rd ing t o the fixed p o i n t . 

p 2 
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Shor te r muscles arise, above, f r o m the c ran ia l car t i lage , f i g . 24 , d, 
and b e l o w , f r o m the h y o i d car t i lage , t o act u p o n parts o f the sucke r ; 
the l a t t e r , g, h, d iverge t o t h e i r inser t ions . P a r t o f the deep-
seated l o n g i t u d i n a l expansor oris, more d i r e c t l y an tagonis ing the 
c i r c u l a r sphincter oris, a, is seen at m, fig. 136. 

D e t a i l s o f the m y o l o g y o f the M y x i n o i d s w i t h a comparison o f 
the muscula r system o f Fishes w i t h t ha t o f h ighe r Ver tebra tes , w i l l 
be f o u n d i n x x i . pp . 1 7 9 - 2 4 9 . 

I n the T r u n k - f i s h ( Ostracion) flexion o f the t r u n k is abrogated 
b y the case o f gano id a rmour , fig. 16, 
dn, dh, i n c l o s i n g the b o d y , and w h i c h 
leaves o n l y the j a w s and fins f ree . 
T h e myocommas are accord ing ly re
duced to a t h i n l aye r o f l o n g i t u d i n a l 
fibres, m o d i f i e d p o s t e r i o r l y f o r inser
t i o n i n t o the moveable pa r t o f the 
t a i l and i t s fin. 

I n another p l ec togna th , the odd-
shaped Sun- f i sh (Orthagoriscus) the 
muscles o f the con t inuous v e r t i c a l fins 
t ake the place o f the o r d i n a r y m y o c o m 
mas : those o f the l o f t y dorsal com

m e n c i n g b e h i n d the o c c i p u t ; those o f the deep anal b e h i n d the 
shor t abdomen : the dermoneurales arise f r o m the i n t e g u m e n t , 
especially the fibrous s ep tum o f the l a t e r a l l i n e ; the deeper-seated 
interneurales f r o m the n e u r a l and i n t e r n e u r a l spines. E a c h series 
is more or less b lended together , c o n f o r m a b l y w i t h the degree o f 
confluence o f the in te rneura l s , u p o n the expanded ends o f w h i c h 
the spines o f the dorsal fin move as one b o d y , the anal fin h a v i n g 
a s imi lar s t ruc tu re . Never theless , towards t h e i r i n s e r t i o n , the 
f a sc i cu l i o f the fin-rays become, l i k e t h e m , d i s t i n c t ; each one 
beh ind be ing sheathed b y the one i n f r o n t , and t h e i r l o n g tendons 
passing t h r o u g h l u b r i c a t e d grooves or sheaths to t h e i r inser t ions. 
O n the sides o f the abdomen the muscles are r educed to t w o fas
c i c u l i , expand ing , the one f r o m the c lav ic le , t he o ther f r o m the 
coracoid, u p o n the p e r i t o n e u m . 1 

A m o n g s t the Plagiostomi, the Sharks are the most ac t ive and 
p o w e r f u l , and i n t h e m the muscu la r sys tem is mos t developed, and 
i n ce r t a in parts most specialised. T h e m o r e acute angles f o r m e d 
b y the i n t e r m y o c o m m a l septa have a l ready been no t i ced , fig. 132. 
A fasciculus con t inued f r o m the uppe r p o r t i o n is inse r ted , b y a 
s t r ong aponeurosis i n t o the uppe r p a r t o f the c r a n i u m , i b . a, a. 

Muscles of head and sucker; Lamprey, 
XLIII. 

1 X L V I . and CXCVII. 
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T h e muscles o f the j a w s are v e r y p o w e r f u l , as m i g h t be expected 
i n these fierce and p r e d a t o r y fishes. One , analogous to the ' t e m 
po ra l , ' fig. 132, m, arises f r o m the l a t e ra l and poster ior r i dge o f 
the c r a n i u m , and i t s fibres converge as t h e y pass o b l i q u e l y d o w n 
w a r d and f o r w a r d to t h e i r i n se r t i on i n t o the mand ib le . T h e y are 
covered i n grea t p a r t b y the s t ronger muscle i b . / , analogous t o 
the ' masseter, ' w h i c h arises f r o m the under p a r t o f the p o s t f r o n t a l 
r i d g e , passes over the m a x i l l o - m a n d i b u l a r j o i n t , as over a p u l l e y , 
and expands to i t s i n se r t i on i n the l o w e r side and r i dge o f the 
h i n d e r t w o - t h i r d s o f the mand ib le . Smal le r muscles, e maxillo-
mandibulares? i b . g, pass f r o m the uppe r t o the l o w e r j a w , and 
d i r e c t l y close the m o u t h . T h e openers are c h i e f l y the m u s 
cles, p, w h i c h have t h e i r c h i e f f u l c r u m i n the coracoids, 
a n d expand t o be inse r t ed i n t o the symphysis mandibular . 
T h e g i l l - ape r tu re s are con t rac ted b y the muscles, q, q, and d i 
l a t ed b y others passing o b l i q u e l y f r o m above to t h e i r f r o n t b o u n 
daries. T h e muscu la r i nves t 
m e n t o f t he b r a n c h i a l chamber 
o f t he T o r p e d o fig. 139, r, r e 
ceives a fasc iculus f r o m the 
scapula, a n d sends another , 
i b . o, f o r w a r d s t o the c ra 
n i u m , f r o m w h i c h the con
s t r i c t o r o f the e lec t r ic ba t 
t e r y , E , is con t inued . T h e 
protractor scapula? i n the 
Skate and T o r p e d o is o f c o n 
siderable l e n g t h , i n conse
quence o f the b a c k w a r d dis
p lacement o f the scapular 
a r ch , and is o f g rea t s t r e n g t h , 
b y reason o f the enormous 
pec to ra l appendage w h i c h 
the a r ch sustains. T h e m y o 
commas o f t h e t r u n k are 
f u s e d i n t o f o u r g rea t l o n g i t u 
d i n a l masses. T h e neuro-
medial mass, fig. 1 3 9 , a. 

Muscles and electric batteries of the Torpedo. 
XLIII. 

arises f r o m the scapula, s, and b y s t r o n g carneous f a s c i c u l i 
f r o m t h e vertebrae b e h i n d the scapular a t t a c h m e n t : above t h e 
pe lv i s t h e y d i v i d e i n t o t end inous s l ips , w h i c h pass b a c k w a r d 
i n separate sheaths, t o be successively inse r t ed i n t o each v e r t e b r a 
as f a r as t h e end o f the t a i l . T h e neuro-lateral mass or musc le , 
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i b . c, a r i s ing f r o m the outer p a r t o f the scapula and f r o m the 
parapophyses o f succeeding vertebrae, is inse r t ed b y s i m i l a r l y 
disposed, b u t more slender tendons. A t t h e i r t e r m i n a t i o n , each 
t endon b i fu rca tes , a l l o w i n g t h a t appropr i a t ed t o the succeeding 
ve r t eb ra t o pass t h r o u g h i t , so t h a t a l l , save the last , are b o t h 
perforati and perforantes. T h e protractor scapula, i b . i, be
comes, w h e n antagonised b y the t w o f o r e g o i n g muscles, the 
c h i e f e levator o f the head. O f the t w o muscles o f the ros
t r u m i n the R a y , the super ior , levator rostri, arises f r o m the 
scapula b y a shor t fleshy b e l l y e n d i n g i n a slender r o u n d tendon 
w h i c h runs above the branchiae i n a s y n o v i a l sheath t o the ros t ra l 
car t i lage , w h i c h i t serves t o r a i se : t he i n f e r i o r , depressor rostri, 
arises f r o m the l o w e r p a r t o f the coalesced an te r io r vertebrae, runs 
o b l i q u e l y o u t w a r d , and t h e n curves i n w a r d t o i t s i n se r t i on i n t o the 
l o w e r p a r t o f the base o f the r o s t r u m . T h e muscles o f the j a w s 
i n the R a y s i n c l u d e , w i t h maxillo-mandibulares, those answer ing 
to I and m i n the Shark , fig. 132. T h e depressor mandibuli is a 
l a rge ob long mass o f pa ra l l e l l o n g i t u d i n a l fibres, a r i s i n g f r o m the 
l o w e r (coracoid) p a r t o f the scapular c i n c t u r e , and passing forward* 
to be inser ted i n t o the m i d p a r t o f the mand ib l e . T w o smal l mus
cles, one on each side, c o n t r i b u t e t o depress the m a n d i b l e : t hey 
are at tached i n f r o n t near the commissure o f t he l i p s , and , r u n n i n g 
i n w a r d , a lmost cross each other beneath the grea t depressor. A 
t h i r d muscle has i t s fibres r e m a r k a b l y in te r l aced , b u t d i v i s i b l e i n t o 
three c h i e f fascicles, t w o o f w h i c h are an te r io r and one poster ior : 
th i s is de r ived f r o m the end o f the uppe r j a w and j o i n s the h inde r 
m a r g i n o f the second mass. T h e first p o r t i o n is s i tua ted i n f r o n t 
and above the m a x i l l a , near i t s commissure, and runs o b l i q u e l y to 
j o i n the outer edge o f the second fascicle : a l l co-operate i n firmly 
c los ing the m o u t h . T h e protractor oris f o r m s a pa i r o f l o n g and 
slender muscles passing f r o m the r o s t r u m be tween the c ran ia l base 
and the palate t o be inse r ted i n t o the m a x i l l a . T h e muscles o f 
the vast pec tora l fins f o r m t w o t h i c k fleshy layers , c o v e r i n g i t s car
t i lages above, fig. 139, t, and b e l o w , and d i v i d i n g i n t o as m a n y 
f a sc i cu l i as there are fin-rays, i n t o w h i c h t h e y are inser ted . A 
s imi lar a r rangement obtains i n the muscles o f the v e n t r a l fins, i b . v. 

T h e muscles, i n Fishes , o f the eye-ba l l , the a i r -b ladder , and o f 
some other special organs, w i l l be descr ibed w i t h the par ts they 
move . 

T h e muscu la r tissue ( m y o n i n e ) o f fishes is u s u a l l y colourless, 
o f t e n opal ine , o r y e l l o w i s h ; w h i t e w h e n b o i l e d : t he muscles o f 
the pec tora l fins o f the S t u r g e o n a n d Shark are, howeve r , deeper 
co loured t h a n the others ; and most o f the muscles o f the T u n n y 
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are r e d , l i k e those o f the warm-blooded classes. T h e w a n t o f 
co lour relates t o the compara t i ve ly smal l p r o p o r t i o n o f r ed b lood 
c i r c u l a t e d t h r o u g h the muscu la r sys tem, 1 and the smaller p ropor 
t i o n o f red-par t ic les i n the b lood o f fishes: the exceptions c i t ed 
seem to depend o n increased c i r c u l a t i o n w i t h grea t energy o f 
ac t ion ; and , i n the B o n i t o and T u n n y , w i t h a greater q u a n t i t y o f 
b l o o d and a h ighe r t e m p e r a t u r e 2 t h an i n o ther fishes. T h e deep 
orange co lour o f the flesh o f the Sa lmon and Char depends o n a 
pecu l i a r o i l d i f f u s e d t h r o u g h the ce l lu la r sheaths o f the fibres. 
T h e muscu la r f a sc i cu l i o f Fishes are u s u a l l y short and s i m p l e : 
a n d v e r y r a r e l y converge to be inser ted b y tendinous chords.* T h e 
p r o p o r t i o n o f m y o n i n e is greater i n Fishes t h a n i n o ther V e r t e -
b r a t a ; the i r r i t a b i l i t y o f i t s fibres is considerable, and is l o n g r e 
ta ined . F i s h e r m e n take advantage o f th i s p r o p e r t y , a n d induce 
r i g i d muscu la r con t r ac t ion , l o n g a f t e r the usua l signs o f l i f e have 
disappeared, b y t ransverse cuts and i m m e r s i o n o f the muscles i n 
c o l d w a t e r : th i s opera t ion , b y w h i c h the firmness and specif ic 
g r a v i t y o f the muscu la r t issue are increased, is ca l led (crimping.' 

§ 47 . Myology of Reptiles.— T h e m y o n i n e o f the a i r - b r e a t h i n g 
Haematocrya is a lways pale i n co lour , and the fibres are tenacious 
o f t h e i r i r r i t a b i l i t y : t he ene rgy o f the muscu la r con t r ac t ion is i n 
some instances, a n d on some occasions, g r e a t ; b u t cannot be ex
c i t e d i n f r e q u e n t succession, such power b e i n g soon exhausted. 

I n the i c h t h y o m o r p h o u s Ba t r ach i a the recent m y o n i n e presents 
a pea r ly clearness, as i n some fishes, and the c h i e f b u l k o f the 
tissue is a r ranged i n t ransverse segments, o f w h i c h , howeve r , t he 
progress o f mass ing i n t o l o n g i t u d i n a l g roups is greater t h a n i n the 
Sharks . I n the Salamander, figs. 140, 1 4 1 , the n e u r a l or uppe r 
halves o f the myocommas , separated a t the m i d l i n e o f the back b y 
a f u r r o w l o d g i n g cutaneous fo l l i c l e s , have a t endency to g r o u p 
themselves i n t o d i s t i n c t l o n g i t u d i n a l t rac ts , as t h e y advance f o r 
w a r d : j u s t as t h e i r homologue — the c o m m o n ' erector spina?' i n 
m a n — subdiv ides i n t o the l o n g i t u d i n a l masses ca l led ' s ac ro - lum-
bal is , ' e longiss imus dors i , ' and e spinal is dors i , ' & c , i n i t s corres
p o n d i n g course. T h e med ian p o r t i o n , fig. 140 ,5 a, i n Salamandra, 
r e p r e s e n t i n g the spinalis dorsi i n the t r u n k , has i t s an t e r io r 
inser t ions i n the n e u r a l arches and spines o f the ce rv ica l and occ i 
p i t a l ver tebra?; and there answers to the ( s p i n a l i s ' and ' semispi-
na l i s ' c o l l i , and to the ' b i v e n t e r c e r v i c i s ' a n d e complexus . ' T h e 
l a t e r a l p o r t i o n , a n s w e r i n g to the longissimus dorsi a n d sacro-lum-
balis i n t h e t r u n k , represents, b y i t s inser t ions , t h e e t ransversal is 
c o l l i ' a n d t rachelo-mastoideus, fig. 140, 5, i n the neck . T h e haemal 

1 X L V I I I . pp. 4, 16. 2 L. 8 XLIX, p. 3. 
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or lower half of the myocommas in the 
I t r u n k , fig. 140, 6, has been h e l d t o represent 

the obliquus externus abdominis; b u t , as i t 
is segmented b y aponeuro t ic pro longat ions o f 
the shor t p leurapophyses , b o t h i n the abdo
m i n a l and caudal regions , i t is more l i k e a 
series o f in tercosta ls . T h e b road , t h i n , car-

DO 
neotendinous sheets, ca l led ' e x t e r n a l ' and 
' i n t e r n a l o b l i q u e ' muscles i n M a m m a l s , hav
i n g t h e i r fibres r u n n i n g i n opposite direct ions, 

1 m a y , indeed, be r e f e r r e d t o the same system 
o f segmental t r u n k - m u s c l e s ; b u t this grade 
o f d i f f e r e n t i a t i o n is n o t reached i n Fishes 
and fish-like Ba t rach ians . T h e media l parts 
o f the haemal myocommas are more d i s t inc t , 
and show more o f the character o f a l o n g i 
t u d i n a l muscle w i t h tendinous intersections, 
l i k e the e lineae transversa?' o f the h u m a n 
' rectus a b d o m i n i s ; ' and th i s musc le is one 
o f the de te rminab le homologues o f a recog
nisable t r a c t o f the myocommas o f the fish 
a n d n e w t . I n the Salamander, however , 
t h e t r a c t , fig. 1 4 1 , 8, is as supe r f i c i a l as t ha t 
p a r t o f the sheath o f the e rectus a b d o m i n i s ' 
i n M a m m a l s ; and i t f o r m s a cor responding 
p a r t o f the sheath o f a deeper-seated l o n g i 
t u d i n a l muscle , fig. 1 4 1 , 7. B o t h 7 and 8 
are specialisations o f the lowes t haemal p o r 
t ions o f the m y o c o m m a s : t h e y are a n t e r i o r l y 
reso lved , or con t inued , as i n F i shes , i n t o 
muscles a c t i ng u p o n the scapular, hyo idean , 
a n d m a n d i b u l a r arches. T h e pubohyoideus, 
7, arises f r o m the pub is a n d ou te r p a r t o f 
the g r i s t l y haemapophysis, or Y-shaped 
car t i lage , fig. 113, d; i t r u n s f o r w a r d 
i n a sheath, analogous to t h a t f o r m e d 

I b y the aponeurosis o f the e x t e r n a l and i n 
t e r n a l ob l ique muscles o f M a m m a l s , and is 
inse r ted i n t o the cera tohyal . T h e musc le , 
8, ca l led rectus abdominis, b y F u n k , 1 has i t s 
a t t achment to the pub is t h r o u g h the m e d i u m 
o f the Y-shaped car t i l age , w h i c h represents 
the mar sup i a l bones a n d t end inous ' p i l l a r s 

I o f the abdomina l r i n g ' i n M a m m a l s : i t is 

Muscles of Ralainandra terrestris. 
CLXXXVII. 

CLXXXVII. 
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at tached a n t e r i o r l y i n p a r t t o the t r i a n g u l a r shor t s t e rnum, ex
t e n d i n g b e y o n d i t t o the transverse pa r t o f the ep i s te rnum, and 
is thence c o n t i n u e d (as i n fig. 135, 27), to the symphys is m a n d i 
bular, r ep resen t ing the geniohyoideus. A smal l fasc iculus , fig. 1 4 1 , 
10, is also sent to the coraco-scapular j o i n t . 

T h e u p p e r j a w is fixed. T h e muscle w h i c h , b y i t s i n se r t ion 
i n t o the l o w e r j a w , acts as a temporalis, is d i v i d e d i n t o t w o 
f a s c i c u l i ; one, fig. 140, 2, has the n o r m a l o r i g i n f r o m the side o f the 
c r a n i u m ; the o ther , i b . 1, atlanto-mandibularis, acts w i t h greater 
fo rce b y d e r i v i n g i t s o r i g i n f r o m the n e u r a l a rch and spine o f the 
atlas. T h e masseter, i b . 3, arises f r o m the mas to id and e p i t y m 
panic , and is inser ted i n t o the ou te r surface o f the h inde r h a l f o f 
the mand ib l e . T h e occipito-mandibularis, or digastricus, i b . 4, 
arises f r o m the pa rocc ip i t a l and back p a r t o f the e p i t y m p a n i c , 
and is inse r ted i n t o the angu la r e lement b e h i n d the t y m p a n o -
m a n d i b u l a r j o i n t w h e r e b y i t opens the m o u t h . I n th i s ac t ion i t 
is a ided b y the s t r i p , i b . 13, w h i c h passes f r o m the angle o f the 
j a w u p w a r d to the s k i n . Some a m o u n t o f l a t e r a l m o v e m e n t o f 
the mand ib l e is effected b y a pterygoid muscle . T h e r e t r a c t i o n o f 
the mand ib l e is p r o v i d e d b y t h e muscle , i b . 13, a l t h o u g h i t seems 
los t i n the s k i n , as i t passes b a c k w a r d f r o m the angu la r process. 
A mylohyoideus, fig. 1 4 1 , n , passes f r o m one ramus to the o ther , 
ex t e rna l t o the geniohyoideus, i b . 8/, and t o the f o l l o w i n g 
muscles o f the h y o i d arch . T h e genio-ceratoideus, i b . 14, arises 
f r o m near the symphys i s mandibular , a n d is inser ted i n t o the cera
t o h y a l . T h e hyobranchialis, i b . 15, passes f r o m the base o f the 
ce ra tohya l t o the h y o b r a n c h i a l c o r n u . 

W i t h the g r o w t h and special isat ion o f t h e segments o f t h e 
l i m b s the muscles became la rge r , more numerous , and more d is 
t i n c t . T h e pectoralis, fig. 141,16a, 16, has i t s o r i g i n ex tended f r o m 
the f o r e p a r t o f the coracoid and e p i s t e r n u m t o the l i nea alba, or 
aponeuro t ic c o n t i n u a t i o n o f the s t e r n u m , h a l f an i n c h b e y o n d the 
c o r a c o i d ; the fibres converge to t h e i r i n s e r t i o n i n t o the pec to ra l 
r i d g e o f the h u m e r u s ; b u t so t h a t the coracoid p o r t i o n is a lmost 
a d i s t i n c t muscle . T h i s musc le suspends the f o r e p a r t o f t h e 
t r u n k u p o n t h e fore- legs , and besides depressing t h e h u m e r u s , 
ro ta tes i t i n the p lane o f the body 's axis as d i f f e r e n t po r t ions o f 
the musc le come i n t o ac t ion . 

A musc le , fig. 140, 11, a r i s i n g f r o m scat tered fibres b y a l o n g i 
t u d i n a l t r a c t o f the aponeurosis, c o v e r i n g the longissimus a n d 
spinalis dorsi, col lects those fibres and contracts as i t descends 
ove r the h i n d p a r t o f the scapula to be i n se r t ed i n t o the back p a r t 
o f t he pec to ra l r i dge . A n an te r io r p a r t , i b . 2 2 , o f the same 
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system o f c o n v e r g i n g fibres 
takes i t s o r i g i n f r o m the 
scapula i t se l f , and converges 
t o an i n se r t i on close to t ha t 
o f the preceding . T h e ent i re 
mass o f the muscles 22 and 
11 antagonise tha t , 16, 16a, 
b e l o w ; one raises, the other 
depresses, and b o t h rota te , 
the h u m e r u s t o and f r o . A s 
the f o r e - l i m b gains size and 
p o w e r i n h i g h e r air-breathers, 
the muscle 11 seeks a more 
ex tended o r i g i n , covers a 
grea ter p r o p o r t i o n o f the seg
m e n t a l sys tem o f t r u n k -
muscles, acquires the name 
o f latissimus dorsi, and, i n 
A n t h r o p o t o m y , is classed 
amongst the ' f i r s t l aye r o f 
the muscles o f the back. ' T h e 
muscle 22, becomes deve-

I loped i n t o ' supra- ' and £ in
fraspinatus,'' and , perhaps, 
also delto'ides. T h e pro
tractor scapulce, a r i s ing , as i n 
Fishes , f r o m the pa rocc ip i t a l , 
n o w also derives fibres f r o m 
the transverse processes o f the 
first and second t r u n k - v e r t e -

Ibrae, and d iv ides i n t o t w o dis
t i n c t f a s c i c u l i ; one, fig. 140, 
19, is inse r ted i n t o the base 
o f the scapu la ; the o ther , i b . 
20, i n t o the h u m e r a l end o f 
tha t bone. A sma l l s t r i p , i s , 
w h i c h tends more d i r e c t l y 
t o raise the scapula, arises 
f r o m the t ransverse proces
ses o f the t h i r d v e r t e b r a ; b u t 
the musc le , 19, is t h a t w h i c h 
best answers to the levator 
scapula o f M a m m a l s . T w o 
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s t r ips f r o m t h e second a n d t h i r d ce rv ica l diapophyses, inse r t ed 
i n t o the u n d e r p a r t o f the scapula, ind ica te the commencement o f 
the serratus magnus anticus, fig. 1 4 1 , 21. T h e mass o f musc le , 
figs. 140, 1 4 1 , 23, w h i c h pro t rac t s or ' f l e x e s ' the f o r e - a r m , ar i s 
i n g f r o m t h e f o r e and i nne r p a r t o f the g l e n o i d c a v i t y and f r o m 
t h e f o r e p a r t o f the humerus , represents the biceps and brachialis 
internus. T h e r e t r ac to r or extensor mass, i b . 24, answers to 
t h e d iv i s ions o f the t r iceps . O n the a n t i b r a c h i u m the flexor o f 
the w r i s t is d i v i d e d i n t o a ' r a d i a l , ' fig. 1 4 1 , 25, and ' u l n a r , ' 
fig. 140, 26, p o r t i o n ; as is l i k e w i s e the extensor , o f w h i c h , 27, 
fig. 1 4 1 , represents the extensor carpi ulnaris, and 28 the extensor 
carpi radialis : 29 is the flexor digitorum communis, and 30 the 
extensor digitorum communis. 

T h e pectoralis, fig. 1 4 1 , 16, is represented i n the p e l v i c l i m b 
b y the musc le , i b . 36, w h i c h arises f r o m the i schiopubic s y m 
physis , and is inse r ted i n t o the f r o n t and i n n e r p a r t o f the 
head o f the t i b i a . T h i s mass i n h i g h e r rep t i les becomes d i f 
f e r en t i a t ed i n t o the pectineus, t he adductors, and the gracilis ; 
i t depresses a n d adducts the pe lv i c l i m b . I t s c h i e f an tagonis t 
is m a r k e d 36 i n fig. 140. I t rises f r o m the i l i u m , a n d is inse r t ed 
i n t o the l o w e r and ou te r p a r t o f t h e f e m u r , and also i n t o t h e 
ou te r p a r t o f t h e head o f the t i b i a ; i t corresponds b y i t s o r i g i n 
w i t h 22 i n the f o r e l i m b , and becomes developed i n t o gluteus 
externus and ' tensor fascice femoris'''in M a m m a l s . T h e f a s c i c u l i 
w h i c h correspond w i t h 11, i n the f o r e - l i m b are 37 and 32, fig. 1 4 0 ; 
t h e y arise f r o m fascia connected w i t h the t ransverse processes o f 
t h e t h i r d and f o u r t h caudal vertebra?, and are inse r ted i n t o the 
m i d d l e and back p a r t o f the f e m u r . T h e musc le , 31, w h i c h arises 
f r o m the f o r e p a r t o f t h e i l i u m , and is inse r t ed i n t o the uppe r 
t h i r d o f the f e m u r , repeats the an te r io r fibres o f 22 i n the scapular 
l i m b . T h e c h i e f d i f fe rence is t h a t the p ro t r ac to r s , 31, and re t r ac 
to r s , 32 a n d 37, o f the t h i g h are more d i s t i n c t f r o m the abduc to r 
and l eva to r , 36; a n d t h a t t h i s has a more advantageous i n s e r t i o n 
f o r i t s of f ice b y b e i n g ex tended to the second segment o f the 
l i m b . T h e r e t r ac to r s , 32, 37, act l i k e the la t i ss imus do r s i 11 : t h e i r 
o r i g i n is i n connec t ion w i t h the v e r t e b r a l or a x i a l sys tem : t h e y 
become deve loped i n the pe lv i c l i m b o f h i g h e r animals i n t o par ts 
o f t he ' g l u t e i ' a n d ' p y r i f o r m i s . ' 

T h e p ro t r ac to r s or flexors o f the t h i g h , 34, 35, w h i c h answer to 
those o f t h e a r m , 23, arise f r o m the f o r e a n d u n d e r p a r t o f the 
i l i u m , a n d are in se r t ed i n t o t h e f o r e a n d u p p e r end o f the t i b i a . 
T h e musc le , fig. 1 4 1 , 35, w h i c h passes to the i n n e r side o f the head 
o f t h e t i b i a , answers best t o the sartorius; t he l a rge r mass o n i t s 
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ou t e r side, 34, t o the triceps extensor cruris, and more especial ly 
to the rectus femoris, as h a v i n g i t s c h i e f o r i g i n f r o m the i l i u m ; 
w h i l s t i t s t endon expands over the f o r e p a r t o f the knee j o i n t , as 
t h a t o f 23 passes over the f o r e p a r t o f the e lbow j o i n t ; and b o t h 
w i t h o u t h a v i n g any sesamoid lever developed the re in . 

T h e re t rac tors or extensors o f the t h i g h and l e g , i b . 33, answer
ing; to the re t rac tors o f the a r m and f o r e - a r m , 24, arise f r o m the 
h inder and outer p a r t o f the i l i u m , a n d are inser ted p a r t l y i n t o the 
f e m u r , p a r t l y i n t o the ou te r p a r t o f the head o f the t i b i a . A 
muscle , fig. 1 4 1 , 38 (sacro-plantaris), f o r m i n g p a r t o f th i s system, 
has a special ex ten t and d ispos i t ion , f a v o u r i n g the ef fec t ive back
w a r d s troke o f the f o o t i n s w i m m i n g : i t arises f r o m the sacral r i b 
and is inser ted i n t o the p lan ta r fascia. I t is a ' flexor' o f the l eg , 
l i k e the ' biceps flexor c ru r i s :' i t is a n ' extensor ' o f the foo t , l i k e 
the ' p lan tar i s . ' A n d here a f e w r emarks m a y be o f fe red on the 
t e rms ( flexion' and ' ex tens ion, ' as app l i ed to the e f o r e - a r m ' and 
c l eg ; ' i n hip-her air-breathine; Ver t eb ra t e s and i n M a n . 

T h e fo re and h i n d l i m b s o f the Salamander are figured extended 
i n corresponding posi t ions, i n fig. 140, as those o f the Plesiosaurus 
are represented i n fig. 45 . T h e u l n a is e x t e r n a l or poster ior i n the 
a r m , the fibula i n the l eg . I f , i n the dead n e w t , t he f o r e - a r m be 
moved u p o n the a r m t o and f r o , i n the d i r e c t i o n o f the t r u n k ' s axis, 
i t can be ben t a t an angle w i t h the a r m e i ther w a y ; and the l i k e 
w o u l d most p r o b a b l y be the case i n the P l e s io sau r : there is 
no b o n y c o n f i g u r a t i o n o f the e l b o w - j o i n t t o p r e v e n t th i s i n e i ther 
r e p t i l e ; o n l y the l igaments f a v o u r the f o r w a r d b e n d more 
t h a n the h inde r one, i n the ba t rachian . I n the h i n d l i m b the les: 
can be ben t at an angle w i t h the t h i g h , b o t h f o r w a r d and back 
w a r d ; b u t the l igaments o f the j o i n t o f fe r more resistance to the 
f o r w a r d t h a n to the b a c k w a r d bend . A s w e ascend the v e r t e 
bra te scale i n the comparison o f l i m b s , a bone o f the f o r e - a r m 
sends a process across the back p a r t o f the e l b o w - j o i n t w h i c h 
fits i n t o a c a v i t y i n the bone above the j o i n t w h e n the t w o are 
b r o u g h t i n t o the same l i n e ; and the f o r e - a r m cannot be ben t 
back at an angle w i t h the a r m w i t h o u t f r a c t u r e o f the i n t e r 
l o c k i n g bar or ' o lecranon. ' I n the l e g the c o n t r a r y bend , a t an 
angle f o r w a r d u p o n the t h i g h , is p r e v e n t e d b y c o n f i g u r a t i o n o f 
the k n e e - j o i n t , w i t h i n t e r a r t i c u l a r car t i lages and l igaments . 

T h u s the f o r w a r d bend is f a v o u r e d i n the f o r e - l i m b ; the back
w a r d bend i n the h i n d l i m b . 

I n quadrupeds the l i m b s are h a b i t u a l l y r e t a ined w i t h the first 
and second segments more or less b e n t i n the d i rec t ions f a v o u r e d 
b y the c o n f i g u r a t i o n o f the e l b o w - j o i n t a n d k n e e - j o i n t respec-
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t i v e l y , t o w h i c h the muscles c o n f o r m i n re la t ive size and pos i 
t i o n . These opposite bends are shown i n the skele ton o f the 
Crocod i l e , fig. 57. 

W h e n the l e g , 66, is b r o u g h t f o r w a r d (p ro t r ac t ed ) , w i d e n i n g the 
angle be tween i t and the t h i g h , v, and w h e n the f o r e - a r m , 55, is 
b r o u g h t f o r w a r d , c o n t r a c t i n g the angle be tween i t and the a r m , 
53, the mot ions are the same, or homologous i n b o t h l imbs . B u t 
i n one case such m o t i o n is c a l l e d e f l e x i o n ; ' i n the o ther ' e x t e n 
s ion : ' these te rms r e l a t i n g n o t t o the absolute l i n e or d i r e c t i o n o f 
m o t i o n o f the l i m b , b u t t o the r e s u l t i n g r e l a t ive pos i t ion o f one 
segment o f the l i m b to another. T h e p ro t r ac to r muscles d r a w 
i n g f o r w a r d the second segment o f the l i m b to an angle w i t h 
the first, are ca l led ' flexors;' those d r a w i n g f o r w a r d the second 
segment from an angle w i t h the first, are ca l led ' extensors. ' T h e 
same d i s t i n c t i o n is made w i t h the ' r e t rac tors , ' accord ing as, i n 
d r a w i n g back the second segment, t h e y ro ta te i t f r o m an angle 
to a s t r a igh t l i n e w i t h the first segment, or f r o m a s t r a igh t l i n e t o 
an angle. T h u s the homologous movements are s ign i f i ed b y d i f 
f e r e n t t e rms , and the h o m o t y p y o f the muscles has been masked 
b y the same a r t i f i c i a l v e r b a l d i s t inc t ions . T h e £ flexors' o f the 
f o r e - a r m answer to the e extensors ' o f the l e g i n ser ial homology . 
T h e ' biceps flexor" c u b i t i , ' w i t h the c brachia l i s ant icus , ' is t h e 
h o m o t y p e o f the e t r iceps extensor c ru r i s , ' n o t o f the 4 biceps flexor 
c r u r i s ;' w h i l e th i s muscle , w i t h the semitendinosus, is the h o m o t y p e 
o f the (triceps extensor c u b i t i . ' M u c h o f the d i f f i c u l t y o f c o m 
p r e h e n d i n g the t r u e ser ia l h o m o l o g y o f the par ts o f the fo re and 
h i n d l i m b has ar isen f r o m r e g a r d i n g the flexors i n the one l i m b to 
be the homotypes o f the flexors o f the o ther , and v ice versa. T h e 
p e r t i n a c i t y w i t h w h i c h the idea o f the pa te l l a b e i n g the h o m o t y p e 
o f t h e o lecranon is m a i n t a i n e d , depends i n a g rea t degree u p o n the 
e r r o r o f suppos ing t h e e t r i ceps extensor c u b i t i ' and the ' biceps 
extensor c r u r i s ' t o be homotypes or ser ial homologues . 1 

R e t u r n i n g to the N e w t s , w e find the c h i e f r e t r ac to r or extensor, 
fig. 1 4 1 , 39, o f the f o o t a n s w e r i n g t o the re t rac tors or flexors o f 
the carpus , 25 a n d 26. B u t , as regards the toes, since t h e i r j o i n t s 
are so a r ranged as to a l l o w t h e m to be mos t easi ly and ex tens ive ly 

1 Some anatomists assuming this to be a matter determined and unquestionable, 
make it the basis for impugning the opinion that the patella answers serially to the 
tendon of the biceps brachii, and especially to the sesamoid sometimes developed 
therein. " Unless we are entirely to disregard the guidance of muscular relations 
in determining homology, we must admit that the ossicle upon the olecranon is the 
homotype of the patella," &c. CLXXI. p. 21, and CLX. passim. The muscular 
concur with the osseous relations in showing that the ossicle upon the olecranon is 
the homotype of that upon the peronecranon, or produced head of the fibula iu 
certain marsupial and other mammals, CLXI . pi. 1, fig. 16. 
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m o v e d i n the d i r e c t i o n o f * r e t r ac t ion , ' as the l i m b s hang i n fig. 140, 
the e flexors ' o f the fingers have t h e i r homotypes i n the h i n d l i m b 
cal led ' flexors o f the toes,' and the muscles e f f ec t i ng the opposite 
movements o f the d ig i t s are t e r m e d e ex tensors ' i n b o t h fo re and 
h i n d l imbs . T h e muscle , 40, a r i s ing f r o m the fascia o f the knee, 
becomes b y i t s i n se r t i on the extensor longus digitorum pedis. 
T h e muscle , 41, is the Jiexor longus digitorum pedis. A short 
extensor arises f r o m the f o r e p a r t o f t h e t a r su s ; i t s tendons 
u n i t e w i t h those o f the l o n g extensor. A short Jiexor f r o m the 
opposite side o f the tarsus d iv ides , t o be in se r t ed b y fleshy fibres 
i n t o the tendons o f the flexor longus . T h e h a l l u x has a special 
extensor and a b d u c t o r : the fifth toe has also an a b d u c t o r : these 
c o m b i n i n g i n ac t ion , enlarge the b read th o f the foo t . 

I n the h ighe r rep t i les , o f the order Crocodilia, c h i e f l y a f fec t ing 
the w a t e r y element , and w i t h f r a m e a n d l i m b s p ropor t ioned 
f o r na ta t ion , the p r i m i t i v e segmental s t r u c t u r e cont inues to 
be shown b y the v e r t i c a l aponeuroses passing o u t w a r d f r o m each 
successive ver tebra , especial ly f r o m the d i - and p leur -apophyses ; 
t h e y d iv ide the mass o f muscles a n s w e r i n g t o the caudal m y o 
commas o f Fishes and fish-like B a t r a c h i a i n the t a i l ; t o the 
spinalis dorsi, longissimus dorsi, and sacrolumbalis o f h ighe r V e r 
tebrates i n the b a c k ; and to the cervicalis ascendens, splenius capitis, 
and transversalis colli i n the neck. T h e pos ter ior a t t achment o f 
the sacrolumbalis is t o the fo re p a r t o f the i l i u m b y a slender t e n 
don : t h a t o f the longissimus dorsi is t o the sacral r ibs . E x t e r n a l 
t o the longiss imus dors i is the trachelomastoideus, o r i g i n a t i n g 
b e h i n d f r o m the diapophyses o f the second or t h i r d dorsal ve r t eb ra , 
passing f o r w a r d be tween the d i - and zyg-apophyses o f the cer
v i c a l vertebra?, d e r i v i n g slips t h e r e f r o m , and inse r ted i n t o the 
mastoid . T h e complexus rises f r o m the sides o f the n e u r a l spines 
o f the m i d d l e ce rv ica l vertebra?, and is inse r ted i n t o the parocc i 
p i t a l . T h e splenius capitis arises f r o m the n e u r a l spines o f the 
an te r io r dorsals, and is p a r t l y a c o n t i n u a t i o n o f the spinal is d o r s i : 
i t is inser ted i n t o the superocc ip i ta l , and shows traces o f the seg
m e n t a l s t ruc tu re . T h e p o w e r f u l muscles o f the t a i l are more 
dec idedly d i v i d e d b y aponeurot ic septa i n t o segments, correspond
i n g w i t h the vertebra?; b u t t h e y are g r o u p e d toge ther , b y C u v i e r , 
i n t o three pairs o f l o n g i t u d i n a l muscles. T h e first is n e u r a l i n 
pos i t ion , and ch i e f ly a b a c k w a r d p r o l o n g a t i o n o f the spinal is d o r s i ; 
the m y o c o m m a l septa f o r m an angle d i r ec t ed f o r w a r d . T h e 
second is l a te ra l , and begins b y a s t rong t e n d o n f r o m the uppe r and 
back p a r t o f the i l i u m , and b y a second t endon f r o m the i s c h i u m : 
i t is also connected w i t h fleshy flattened f a sc i cu l i f r o m the pub is 
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and abdomina l r i b s : i t s m y o c o m m a l septa describe an acute angle 
d i r ec t ed b a c k w a r d . A t the base o f the t a i l i t descends t o the 
l o w e r border , and covers p a r t o f the t h i r d muscu la r c o l u m n . 
T h i s derives a t end inous o r i g i n f r o m the i n n e r t rochan te r i an r i dge 
o f t he f e m u r , a n d f r o m a l i g a m e n t thence e x t e n d i n g to the f e m o r o -
fibular a r t i c u l a t i o n : f r o m these at tachments the muscle passes 
b a c k w a r d to the haemal arches and spines re la ted the re to b y 
a l t e r n a t i n g or ig ins and inser t ions , and there assumes the m y o c o m 
m a l character o f the lowes t or haemal t r a c t i n the t a i l o f the N e w t 
a n d F i s h . B y i t s an te r ior a t tachments i n the Crocod i le , th i s series 
o f m u s c l e s — t h e femoro-peroneo-coccygius o f C u v i e r — c l o s e l y asso
ciates the pe lv i c l i m b s w i t h the t a i l i n the na t a to ry actions and 
evo lu t ions o f the amphib ious carn ivore . 

T h e m a n d i b u l a r muscles are s t r o n g l y developed i n the C r o 
codi le i n compar ison 
w i t h o the r S a u r i a n s ; 
a l t h o u g h t h e y seem, 
a f t e r a compar i son w i t h 
those o f ca rn ivorous 
mammals , smal l i n p r o 
p o r t i o n to the l e n g t h 
a n d massiveness o f the 
j a w s . T h e t e m p o r a l 
is represented b y t w o 
muscles , one o f w h i c h , 
the pretemporalis, fig. 
142, e, has i t s o r i g i n ex tended f o r w a r d i n t o the o r b i t f r o m 
beneath the p o s t f r o n t a l , whence i t s fibres pass o b l i q u e l y back
w a r d : the l a rge r temporalis, i b . f , is a t tached to the pa r i e t a l , 
the mas to id , and t y m p a n i c , a n d i t s fibres pass v e r t i c a l l y e x t e r n a l 
t o those o f the p r e t e m p o r a l , t o be in se r t ed i n t o t h e co rono id a n d 
surangu la r . T h e pterygoidei are l a rge r muscles t h a n t h e t e m -
p o r a l e s ; t h e one f r o m the e c t o p t e r y g o i d , fig. 142, h, receives 
an accession o f fibres f r o m the l o n g p t e r y g o i d bone, and , 
passing o b l i q u e l y b a c k w a r d , swel ls o u t i n t o a lmost a h e m i 
spher ic p rominence a t i t s i n s e r t i o n i n t o t h e ou te r side o f the 
a n g u l a r e lements a t h. T h e aper tor or is , or digastric, i b . g, a r i s i n g 
f r o m t h e back p a r t o f the p r o m i n e n t mas to id , descends o b l i q u e l y 
b a c k w a r d t o the p r o j e c t i n g angu la r process b e h i n d the t y m p a n o -
m a n d i b u l a r j o i n t . W h e n the m a n d i b l e rests o n the b a n k , as a t 
a, a, s u p p o r t i n g the head o f the c rocodi le , a n d makes i t s angles, 
i b . 29, the fixed p o i n t , the d i g a s t r i c i , g, a c t i n g u p o n t h e l ever o f the 
mas to id , 8, open the m o u t h b y r o t a t i n g t h e c r a n i u m and u p p e r 
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fig. 

j a w f r o m b to c, u p o n the t y m p a n o - m a n d i b u l a r j o i n t s , t. Obser
v a t i o n o f th i s ac t ion engendered the n o t i o n t h a t the u p p e r j a w 
was moveable , and t h a t th i s was a p e c u l i a r i t y o f the C r o c o d i l e ; 
b u t i t moves o n l y as p a r t o f the en t i re c r a n i u m . 

A s the muscles o f the l i m b s reach t h e i r m a x i m u m o f n u m b e r 
and v a r i e t y i n the Chelonia and sa l ta tory Batrachia, t h e y w i l l be 
specif ied i n those groups ; and the m y o l o g y o f the t r u n k w i l l be 
resumed, as i t is seen i n the Ophidia. 

I n these rep t i l e s , as m i g h t be expected f r o m the func t i ons o f 
the spinal c o l u m n , special isat ion o f the muscles o f the vertebra? 
and r ibs reaches i t s m a x i m u m . T h e coalescence o f the upper or 
neuromesia l and neuro la te ra l par ts o f the myocommas i n t o l o n g i 
t u d i n a l t rac ts is more comple te and d i s t i n c t t h a n i n the fish-like 

Batrachia,ov the Crocodilia; 
t h e p r i m i t i v e d i s t inc t ion or 
segmenta t ion b e i n g pre
served o n l y a t the points o f 
a t t achment . 

I n t he neuromesia l t rac t , 
143, A , those w h i c h 

m a y be cal led ' o r i g i n s ' are 
i n t w o series, one f r o m the 
bases o f the neu ra l spines, 
t he o ther b y short tendons 
f r o m the diapophyses: the 
fleshy fibres f r o m each o r i 
g i n converge and coalesce 
as t h e y pass f o r w a r d , and 
t e r m i n a t e i n a long; slender 
t e n d o n : these tendons are 
a t tached t o the summits 

o f the n e u r a l spines. W e 
have here the characters 
o f semispinalis and spinalis 
dorsi. T h e c o l u m n ex te rna l 
t o the p reced ing answers to 
the longissimus doi'si; i t 
arises b y a series o f fleshy 
o r ig in s f r o m the transverse 
processes, and b y tendons 
f r o m the con t iguous par ts 
o f the r i b s ; t he fleshy fibres 

c o v e r i n g t h e 

Muscles of the vertebra? and ribs. Python, cxci. 

pass f o r w a r d and o u t w a r d p a r t l y t o the fascia 
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semispinalis dors i , and p a r t l y to i t s inser t ions i n t o the neu ra l 
sp ines ; i t s fo remos t a t tachment is t o the superoccipi ta l . T h e 
t h i r d ( n e u r o l a t e r a l ) t r a c t derives fibres f r o m the tendinous o r ig ins 
o f t he longiss imus dors i , and detaches f r o m i t s ou ter side t h i n 
s l ips, each inse r ted b y a slender t endon i n t o a r i b ; i t represents 
the sacrolumbalis. A muscle d e r i v i n g slips o f o r i g i n f r o m the 
zygapophyses o f f o u r or s ix an te r io r vertebras passes f o r w a r d to be 
inse r t ed i n t o the mas to id , fig. 145, r, and represents the trachelo-
mastoideus. O n the under p a r t o f the v e r t e b r a l c e n t r u m are a 
series o f ob l ique fa sc icu l i , e x t e n d i n g and c o n v e r g i n g i n pairs f r o m 
the diapophysis o f one ve r t eb ra to the hypapophys is o f the second 
o r t h i r d ve r t eb ra i n advance. T h e longus colli a t t he f o r e 
o r uppe r p a r t o f the sp ina l c o l u m n i n M a m m a l s and M a n is a 
r e p e t i t i o n o f th i s series; the greater e x t e n t and developement o f 
w h i c h i n Ophid ians is i nd i ca t ed b y the n u m b e r and l e n g t h o f the 
hypapophyses , hy, figs. 4 6 , 4 7 : and o f the subdiapophyses, d', 
fig. 47 a; and these are m a x i m i s e d i n Crotalus and Naia ; t he 
co-re la ted muscle , h a v i n g i t s fo remos t i n s e r t i o n i n t o the occ ip i t a l 
hypapophys i s , fig. 146, p, b r i n g s d o w n the head i n the b l o w 
i n f l i c t e d b y the venom-fangs w i t h p ropor t iona te force . 

O n r e m o v i n g the semispinalis dors i , muscles appear w h i c h pass 
o b l i q u e l y b e t w e e n the t ransverse and spinous processes, l i k e the 
series ca l led multifidus spince i n M a n . B e n e a t h these are inter
spinals and intertransversales. E x t e r n a l t o the m u l t i f i d u s spinas 
is a series o f levatores costarum breviores, fig. 143, B , a r i s i n g 
f r o m the diapophyses, and r e spec t ive ly inse r ted i n t o the r i b o f 
the succeeding ve r t eb ra . A t t h e i r i n s e r t i o n arise the pretra-
hentes costarum, i b . C, w h i c h r u n m o r e o b l i q u e l y b a c k w a r d , 
and t e r m i n a t e each i n the e i g h t h (Naia) r i b b e y o n d t h a t 
f r o m w h i c h i t arose; b e i n g a t tached also t o the in t e rmed ia t e 
r i b s and in t e rcos ta l fascias. I n Python t h e y are c o n t i n u e d o n 
t o the t e n t h o r t w e l f t h r i b , fig. 143 , D , and these con t i nua 
t ions have been descr ibed as a d i s t i n c t series. B e n e a t h t h e m 
is a shor te r series, t he pretrahentes breviores, i b . E. T h e retra-
hentes costarum, fig. 144 , C, arise f r o m the l o w e r p a r t o f t h e 
d iapophys is , a n d pass o b l i q u e l y f o r w a r d and o u t w a r d a long the 
i n t e r n a l surface o f the r i b s to be i n se r t ed i n t o the f o u r t h r i b i n 
advance. W h e r e these muscles t e r m i n a t e , the transversalis abdo
minis, i b . D , takes i t s ser ra ted o r i g i n ; i t s fibres descend o b l i q u e l y 
f o r w a r d a n d t e r m i n a t e , w i t h those o f t h e opposi te side, i n the 
raphe , or m e d i a l t end inous l i n e ; w h i c h c losely adheres t o t h a t 
p a r t o f the in se r t ed borde r o f t h e v e n t r a l scutes. T h e retrahentes 
inferiores, i b . B , i n t e r d i g i t a t e a t t h e i r o r i g i n s ( i n Python) w i t h 

V O L . I . Q 
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those of the transversalis abdominis, and pass forward to be 
inse r ted a t t he end o f the b o n y p a r t o f the f o u r t h r i b i n advance. 
T h e muscle answer ing to the rectus abdominis, i b . A , has the 
shor t r ib -car t i lages f o r i t s in tersect ions , ins tead o f the fibrous 
* linea? transversa?,' as i n M a n . 

T h e intercostales, fig. 143, F , have t h e i r usua l pos i t ion and 
decussat ing a r rangement i n t w o planes. T h e squamo-costales, 
figs. 143, 144, i , i , arise f r o m the r ib s near the inser t ions o f the 
levatores costarum, B : these o r ig ins have been detached and the 
muscles r e f l e c t e d ; i n the figures t h e y pass o b l i q u e l y backward , 

a n d are inser ted in to 
the s k i n near the outer 
marg ins o f the ven t ra l 
scutes, 

T h e scuto-costales, fig. 
143, H H , rise f r o m the 
fo re p a r t o f the end o f 
the r i b , and are inserted 
i n t o the edge o f the 
scute. 

T h e interscutales, figs. 
143, 144, F , G , K , are 
i n t w o layers , w h i c h 
decussate each other, 
and cooperate w i t h the 
scuto-costales i n al ter
n a t e l y e rec t ing and de
press ing the scutes. 1 

T h e fixed p o i n t o f one 
series is the ' l inea alba, ' 
i b . E ; o f the other , the 
l i n e o f i n s e r t i o n o f the 
squamo-costales, i b . r. 
T h e co-ordinate effects 
o f t he foregoing; mus-
cles o f t h e r ib s and 
scutes p roduce deter
m i n a t e movements , to 

and f r o , o f the r ibs , w i t h a l te rna te e rec t ion and depression o f the 
b road transverse v e n t r a l scutes. 

T h e t y m p a n o - m a n d i b u l a r a rch has u n u s u a l m o b i l i t y i n Ser-

144 

Muscles of the ribs and scutes, Python, cxci. 

1 xx. vol. i . pp. 69-72. 
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p e n t s : t he l o n g t y m p a n i c bone, fig. 97 , 28, is suspended b y i t s 
e x t r e m i t y f r o m t h a t o f the ou t s t and ing m a s t o i d ; and besides the 
movements o f s w i n g i n g t o and f r o to the ex ten t a l l o w e d b y the 
loose a r t i cu l a t ions o f the uppe r j a w , i t is affected b y the muscles 
t e n d i n g t o d iva r ica te the m a n d i b u l a r r a m i , as w e l l as b y a 
musc le d i r e c t l y d r a w i n g i t s l o w e r end o u t w a r d . T h i s l a t t e r r e 
peats the levator tympanici o f Fishes , fig. 134, 24: b u t , w i t h the 
re t rograde course o f the oph id i an t y m p a n i c , i t s levator has a 
m o r e pos te r ior o r i g i n , v i z . f r o m the end o f the mas to id , and is 
inse r t ed i n t o the l o w e r , ins tead o f the uppe r , end o f the t y m p a n i c . 
T o counte rac t these movements , w e find a muscle answer ing 
t o the e depressor t y m p a n i ' o f Fishes , fig. 136, 22, w h i c h arises 
f r o m the basi -occipi to-sphenoid, fig. 146, m, and passes t rans 
ve r se ly o u t w a r d and b a c k w a r d to the l o w e r end o f the t y m 
panic and co -a r t i cu l a t ed end o f the m a n d i b l e : i t depresses the 
t y m p a n i c a n d d raws i t a n d the a r t i c u l a r p a r t o f the m a n d i b l e 
i n w a r d s . 

O f t h e muscles w h i c h close the m o u t h , one, l i k e the muscle 7, 
fig. 132 , o f the Shark , bears ana logy t o t h e masseter; i n the 
absence o f a zygoma , i t arises f r o m the p o s t f r o n t a l and cont iguous 
p a r t o f t h e ec top t e rygo id , fig. 145 , e, passes b a c k w a r d , w i n d i n g 
r o u n d the t y m p a n o - m a n d i b u l a r j o i n t , a n d is inse r ted i n t o the 
su rangu la r and angu la r , as f a r f o r w a r d as the den ta ry . I n 
venomous snakes i t s fasc ia l o r i g i n spreads over the poison-bag, 
i b . a. T h e temporalis, 
i b . i, arises f r o m t h e 
side and spine o f t h e 
p a r i e t a l , a n d descends 
a lmost v e r t i c a l l y , p a r t l y 
covered b y the mas
seter, t o be inse r ted i n t o 
the co rono id p la te . T h e 
post-temporalis, i b . f , 
arises f r o m the f o r e p a r t 
o f t h e mas to id and con
t i g u o u s p a r t o f t h e pa 
r i e t a l , a n d descending 
i n f r o n t o f t h e t y m p a 
n i c is i n se r t ed i n t o the co rono id r i d g e nearer t o the j o i n t o f the 
l o w e r j a w . 

T h e e tympano-mandibulamsj i b . g, w h i c h is analogous t o t h e 
d igas t r i cus , o r i t s h i n d e r b e l l y i n M a m m a l s , arises f r o m the back 
p a r t o f t h e t y m p a n i c , a n d is i n se r t ed i n t o t h a t o f the angu la r 

Q 2 
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process o f the mand ib le . F r o m fascia a t tached to the neura l 
spines o f some o f the an te r io r vertebra? there extends a flattened 
muscle , neuro-mandibularis, fig. 145, t, w h i c h uni tes w i t h a smaller 
s t r i p f r o m fascia connected w i t h the r ib s o f those vertebra?, 
costo-mandibularis, figs. 145, 147, u, t o be inse r ted i n t o the l ower 
border o f the mand ib le . These muscles depress and r e t r ac t the 

l o w e r j a w . 
A p o w e r f u l muscle , ectopterygoideus, fig. 146 , h, w h i c h i n i t s 

m a n d i b u l a r re la t ions resembles the e x t e r n a l p t e r y g o i d , advances 

f o r w a r d to the fo re p a r t o f the e c t o p t e r y g o i d , and to the back par t 
o f the m a x i l l a r y i n Python. I n Crotalus i t expands i n t o a fascia, 
spread over the pouch l o d g i n g the venom-fangs , p r e se rv ing a 
t r a c t o f t end inous s t r e n g t h f o r i n s e r t i o n i n t o the l o w e r p a r t o f the 
h inde r process o f the m a x i l l a r y . I t cooperates w i t h the erector 
o f t he f a n g i n fixing the moveable m a x i l l a d u r i n g the b l o w , and 
re t rac ts the f a n g on the r e l axa t i on o f the erector. W h e n i t s f o r e 
p a r t is the fixed p o i n t , the ec topterygoideus spread ing i t s m a n -
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d i b u l a r a t t achment over the a r t i cu l a r capsule to the back p a r t o f 
the angu la r process, pro t rac ts the l o w e r j a w . 

T h e entopterygoideus, fig. 145, k, is at tached a n t e r i o r l y to the 
p t e r y g o i d bone, i b . 4 , whence i t s fibres pass o u t w a r d and back
w a r d to the i n n e r surface o f the angula r and surangular elements, 
covered b y the ectopterygoideus. I t re t racts and divaricates the 
p a l a t o - p t e r y g o i d j a w s , pro t rac ts and approximates the back par ts 
o f the m a n d i b u l a r r a m i . T h e fo re par ts o f those bones w h i c h , 
t h r o u g h t h e i r loose elastic symphys i a l connect ion , y i e l d l a t e r a l l y to 
the pressure o f the p r e y w h e n seized, are b r o u g h t together , a f t e r 
i t is swa l lowed , b y an in-
termandibularis, an swer ing 
to 21, fig. 137, i n fishes: I 
i t is s h o w n i n fig. 147, 
passing f r o m the end o f 
one ramus to t h a t o f the 
o ther , a t v, v, w i t h a me 
d i an raphe, as i n the m y -
lohyoideus ; and sending a 
s l ip v f r o m each a t t ach
m e n t , w h i c h expands u p o n 
the i n t e r m a n d i b u l a r i n t e 
g u m e n t , r e s t o r i ng and cor- j 
r u g a t i n g i t a f t e r i t s g rea t 
occasional s t r e t ch ing . I n 
t h i s i t is a ided b y a t h i n 
l aye r o f fibres i n t e r n a l to 
a n d i n close connec t ion 
w i t h the i n s e r t i o n o f the 
cos tomandibular i s exposed 
b y the o u t w a r d r e f l e c t i o n 
o f t h a t muscle a t fig.! 
147, a. 

I n Fishes t h e f o r e p a r t 
o f t he l eva to r t y m p a n i , fig. 
136 , 22, is i n se r t ed i n t o the 
p t e r y g o i d : i n Serpents 
t h e o r i g i n o f the answer
able pa r t , presphenopterygoideus, is advanced f o r w a r d to the p re 
sphenoid , whence i t s fibres, fig. 146, /, pass o u t w a r d and b a c k w a r d 
to t h e i r i n s e r t i o n i n t o the p t e r y g o i d , 4, a n d e c t o p t e r y g o i d , 3, at 
t h e i r j u n c t i o n . I n p r o t r a c t i n g the p t e r y g o i d i t pushes f o r w a r d 
the m a x i l l a r y , r o t a t i n g i t o u t w a r d i n the C o n s t r i c t o r s ; b u t , b y 

Muscles of the throat of the Rattlesnake. (Crotalus.) cxcn 
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the m o d i f i c a t i o n o f the bones pecu l i a r t o venomous serpents, as 
shown at 3 and 2, fig. 146, the muscle rotates the shor t m a x i l l a r y 
v e r t i c a l l y t h r o u g h the ec top t e rygo id , so as t o b r i n g the venom-
f a n g f r o m the r e c u m b e n t to the v e r t i c a l pos i t ion ready f o r the 
b l o w . 

T h e presphenopalatine muscle arises f r o m the side o f the fore 
p a r t o f the presphenoid and passes o u t w a r d to i t s i n se r t i on a long 
the i nne r surface o f the pala t ine . F r o m the side o f the pre
sphenoid rises the smal l prespheno-vomerine muscle , fig. 146, v, 
w h i c h sends f o r w a r d a slender t endon t o the h a l f o f the d iv ided 
vomer , and t h r o u g h t h a t bone depresses and re t rac ts the pre
m a x i l l a r y , i b . l , a f t e r the displacement o f a l l t h e bones o f the 
m o u t h caused b y the e n g u l p h i n g o f the p r e y . 

T h e h y o i d a rch is reduced t o a pa i r o f slender car t i laginous 
ceratohyals , r u n n i n g f o r w a r d , a lmost pa r a l l e l , fig. 147, B , beneath 
the sheath o f the filamentary t ongue , be fo re t h e i r an te r ior mem
branous u n i o n . T h e raphe o f the muscles v and u, fig. 147, is so 
f a r a t tached to the h y o i d and l i n g u a l sheath, t h a t b y the i r con
t r a c t i o n t h e y raise the t ongue a f t e r i t has been pushed d o w n : the 
fibres o f t he cos tomandibular i s , u, a t tached to the foremost pa r t o f 
the mand ib l e , t h r o u g h t h e same m e d i a l a t t achmen t p ro t r ac t the 
l i n g u a l shea th ; the pos ter ior p a r t o f the costomandibular is can 
r e t r a c t the l i n g u a l sheath, and these actions are analogous to those 
o f the ' s t e r n o h y o i d ' and ' g e n i o h y o i d ' muscles i n h ighe r ver te 
brates. O n r e f l e c t i n g the cos tomandibular i s f r o m the raphe ou t 
w a r d , t he genioglossi are exposed : t h e i r an tero-median at tachment, 
fig. 147, z', z1', is t o the raphe o f the i n t e r m a n d i b u l a r i s , v; the i r 
an te ro- la te ra l a t t achment , z"', is t o the f o r e end o f the mandibular 
ramus . T h e muscle f o r m e d b y t h e i r u n i o n , z, extends backward 
a long the l i n g u a l sheath to i t s e x t r e m i t y : i t is the c h i e f p ro -
t r u d e r o f the tongue . T h e re t rac to rs , a n s w e r i n g to hyoglossi, 
i b . A , arise f r o m the h i n d e r ends o f the ceratohyals , r u n f o r w a r d , 
enter the l i n g u a l sheath, and seem t o coalesce i n f o r m i n g the 
m a i n substance o f the c y l i n d r i c a l t o n g u e ; b u t t h e y again separate 
t o t e rmina t e i n i t s f o r k e d e x t r e m i t y . T h e f o r e p a r t o f the trachea 
is c losely connected w i t h the l i n g u a l sheath, and advances so f a r 
f o r w a r d to t e rmina t e i n the m o u t h , as t o be subjec t t o the s t re tch
ings and displacements o f the elastic floor o f t h a t c a v i t y . A 
special muscle , geniotrachealis, fig. 147, y , arises f r o m the fo re 
end o f the m a n d i b u l a r ramus , and passes i n w a r d and b a c k w a r d 
to expand u p o n the sides o f the f o r e p a r t o f the trachea. T h e 
pa i r d r a w f o r w a r d the g l o t t i s ; i t s r e t r a c t i o n is e f fec ted t h r o u g h 
the m e d i u m o f the l i n g u a l sheath and i t s muscles. 
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T h e r e are s m a l l modi f i ca t ions o f the muscles o f the l o n g an te r io r 
ou t s t r e t ched r i b s o f the Cobra , fig. 4 6 , pi, w h i c h sustain t h e 
pecu l i a r fo lds o f i n t e g u m e n t f o r m i n g the conspicuous ' h o o d ' o f 
t h a t poisonous snake. These r ibs are p ro t r ac t ed or raised b y the 
levatores b rev iores , and b y t w o sets o f pre t rahentes , one passing 
over t w o r ib s t o the t h i r d b e h i n d , the others passing over one 
r i b t o the second, and b y the intercostales e x t e r n i . T h e muscles 
passing f r o m the hood-r ibs to the s k i n come o f f about f o u r l ines 
f r o m t h e head b y a shor t t endon , the fleshy b a n d e x t e n d i n g 
b e t w e e n one and t w o inches, o u t w a r d and b a c k w a r d to i t s inser
t i o n i n t o the s k i n . 

T h e muscu la r system o f the t r u n k reaches, i n R e p t i l e s , i t s 
m a x i m u m i n Serpents ; i t is r educed t o a m i n i m u m i n Tor to ises : 
y e t , w h e r e i t has to act on the o n l y moveable p a r t o f the ve r t e 
b r a l c o l u m n o f these s low and heavy house-bearers, i t is specia l ly 
and i n some par ts l a r g e l y developed. 

H o m o l o g y can seldom be d e t e r m i n e d or discerned, save i n a 
genera l w a y , i n t h e fleshy par ts o f Chelonia; as, e. g . , t h a t the 
muscles u p o n o r abou t the t runk-ve r t eb ra? answer to those so s i t u 
a ted i n l o w e r or h i g h e r V e r t e b r a t e s ; and t h a t the p r i m i t i v e seg
m e n t a l character o f such muscles is s t i l l i nd i ca t ed b y d i s t i n c t a n d 
successive a t tachments to a consecut ive series o f b o n y segments, as 
is s h o w n , e. g . , i n fig. 148, 37, 39, fig. 149, 27. W h e r e a m o r e 
special d e t e r m i n a t i o n has been a t t emp ted i t has u s u a l l y res ted o n 
a s i m i l a r i t y o f a t t achmen t o f one end o f a muscle , w i t h a c k n o w l e d g e d 
d iscrepancy a t the o ther e n d ; as w h e n C u v i e r 1 compares 27, fig. 
148, t o t h e sacrolumbalis a n d longissimus dorsi; and w h e n B o j a n u s 2 

gives t h e l a t t e r name t o t h e po r t ions o f myocommas a t the opposi te 
side o f the back-bone , fig. 148, or calls the musc le , fig. 152 , 9 i , 
w h i c h arises f r o m t h e pub i s , t he iliacus internus. I t w i l l be 
unders tood , t he r e fo re , t h a t i n a p p l y i n g to the muscles o f the B o x -
tor to ise (Emys Europcea), t he names assigned to t h e m b y the 
a u t h o r o f the e x e m p l a r y a n d b e a u t i f u l m o n o g r a p h 3 f r o m w h i c h 
the i l l u s t r a t i o n s , figs. 1 4 8 — 1 5 9 , have been copied, t h e y are to be 
t a k e n m o r e o r less i n an a r b i t r a r y sense, and t h a t the characters 
o f t h e muscles m a i n l y e x e m p l i f y t h e grea ter degree i n w h i c h t h e 
adap t ive p r i n c i p l e p reva i l s over the a r c h e t y p a l one i n the so f t t h a n 
i n t h e h a r d par t s o f the f r a m e . 

O n the dorsal aspect o f t h e vertebra? o f the back , the m u s c u l a r 
sys t em is r e s t r i c t e d t o t h e ' spinalis dorsi,' fig. 148, 39; i t rises 
f r o m t h e n e u r a l a n d b e g i n n i n g o f the costal plates , n e u r a l a rch 

1 xm. i. p. 292. 2 XXXVIII. 3 Ib. 
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148 

and r i b o f the seventh t o t h e t h i r d dorsal ve r t eb ra inc lus ive , 
o c c u p y i n g the interspaces b e t w e e n those p a r t s ; i t is inserted 
i n t o the n e u r a l a rch o f the last ce rv ica l , and i n t o the post-
zygapophysis o f the n e x t v e r t e b r a i n advance. 

T h e series o f muscles ca l led ' l o n g u s c o l l i , ' i b . 28, 28, com
mences b y the b road o r i g i n f r o m the unde r p a r t o f the first and 
second costal plates, and is con t i nued b y e igh t n a r r o w e r slips 
f r o m the hypapophyses o f the first dorsal , and seven antecedent 
ce rv ica l vertebrae. These f a sc i cu l i i n c l i n e f o r w a r d and i n w a r d , 

o v e r l a p p i n g each other, to 
be inse r ted successively 
i n t o the parapophyses o f 
the e i g h t h and lower part 
o f the c e n t r u m o f the ante
cedent cervicals , w i t h i n 
terposed sesamoids at the 
s i x t h , fifth, and f o u r t h ver
tebrae ; t he foremost inser
t i o n b e i n g i n t o the basi
o c c i p i t a l . 

S i x or seven la te ra l por
t ions o f ce rv ica l myocom
mas, ca l led intertransver-
sarii colli; i b . 36, pass f r o m 
the diapophyses o f the 
e i g h t h to the second cerv i -
cals, and are inser ted along 
w i t h the corresponding i n 
sert ions o f the longus col l i 
f r o m t h e s i x t h to the cen
t r u m o f t h e atlas, or odon
t o i d . T h e intertransversarii 
obliqui, figs. 148, 149, 37, 
are f o u r s t r ips f r o m the 
diapophyses o f the s ix th , 

fifth, f o u r t h , and t h i r d vertebrae, w h i c h pass f o r w a r d and d o w n 
w a r d t o the parapophyses o f the f o u r t h , t h i r d , second, and first 
cervicals respec t ive ly . T h e r e are interspinales b e tween the 
n e u r a l spines o f the first th ree cervicals . 

T h e transversalis cervicis, fig. 1 5 1 , 33, arises f r o m the post-
zygapophysis o f the fifth, f o u r t h , and t h i r d cervicals ; these b l end 
o u t w a r d l y , and detach i n w a r d l y inser t ions to the postzygapo-
physes o f the f o u r t h , t h i r d , and second cervicals , and i n t o the 

Muscles of the dorsal, cervical, and occipital vertebra, 
Emys^Europwcu xxxvm. 
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diapophysis o f the a t l a s : the t endon so inser ted is shown at 33, 
fig. 148. 

T h e complexus, fig. 148, 23, arises f r o m the diapophyses o f the 
first th ree cervicals , and is inser ted i n t o the p a r o c c i p i t a l : i n 
fig. 150, the h i n d m o s t o r i g i n o f th i s muscle is m a r k e d 25. 

T h e rectus capitis anticus longus, fig. 148, 29, arises f r o m the 
hypapophyses o f the t h i r d and second cervicals , and is inse r ted 
i n t o the side o f the bas ioccipi ta l . T h e rectus capitis anticus 
brevis, fig. 152 , 30, arises f r o m the a t l an t a l hypapophys i s , and is 
inse r t ed i n t o the basioccipi ta l . T h e rectus capitis posticus major, 
fig. 148, 31, arises f r o m the neu ra l spines o f the axis and atlas, 
and is inse r t ed i n t o the pa rocc ip i t a l . T h e rectus capitis posticus 
minor, i b . 31, arises f r o m the n e u r a l a rch and diapophysis of 
the atlas, and is inser ted i n t o the base o f the exocc ip i t a l . 

T h e larges t and most r emarkab le por t ions o f muscu la r segments 
o f the t r u n k are those w h i c h are combined to effect the r e t r a c t i o n 
beneath the carapace o f the head and neck. T h e retrahens 

capitis collique, figs. 149, 150 , 27, arises b y s ix fleshy f a sc i cu l i 
f r o m t h e n e u r a l arches a n d spines o f t h e e i g h t h t o the fifth 
dorsals i n c l u s i v e ; these pass f o r w a r d , b l e n d i n g toge ther , a n d t h e n 
detach f o u r t end inous i n s e r t i o n s : o f these, the an te r io r and 
longes t , as w e l l as s t rongest , is i n t o the bas iocc ip i ta l fossa ; the 
o t h e r th ree are i n t o t h e diapophyses o f the f o u r t h , fifth, and s i x t h 
cervica ls . I t is n o t d i f f i c u l t t o sever the p a r t o f the g rea t r e 
t r a c t o r connected w i t h the ce rv i ca l inser t ions , as .a d i s t i n c t musc le 
f r o m t h a t inse r t ed i n t o the occ ipu t . T h e biventer cervicis, figs. 
150 , 1 5 1 , 24, arises f r o m the n e u r a l spines o f the fifth, f o u r t h , and 
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t h i r d cervicals , and is inse r ted i n t o the same p a r t o f the occip i ta l 
ve r tebra . 

T h e trachelomastoideus, fig. 150, 26, arises f r o m the hypapophyses 
o f the t h i r d and second cervicals , a n d ascends o b l i q u e l y to be 
inse r ted i n t o the mas to id . 

T h e scalenus, fig. 150, 34, arises f r o m the i n n e r border o f the 
l o w e r t h r ee - fou r th s o f the scapu la ; i t s fibres emerge as i t 
advances, and de l ive r s t r ips o f i n se r t i on to the diapophyses o f the 
e i g h t h to the second ce rv ica l i nc lus ive . 

T h e sternomastoideus, fig. 150, 22, arises f r o m the midd le o f the 
i n n e r surface o f the en tos t e rnum, and is inse r t ed i n t o the mastoid. 

T h e diaphragmaticus, figs. 148, 149, 150, 42, 42, arises b y three 
sheets f r o m the bodies o f the fifth and f o u r t h dorsals, and f r o m 
the r i b o f the t h i r d d o r s a l ; the t w o pos ter ior u n i t e t o app ly them
selves and adhere to the mesia l surface o f the l u n g ; the t h i r d 
sweeps over to the outer surface, 42, fig. 150, and 42, fig. 1 5 1 , and 
is re f lec ted f r o m i t s l o w e r border u p o n the p e r i t o n e u m . 

T h e transversalis abdominis, figs. 150, 1 5 1 , 41, arises along a 
c u r v e d l i n e on the i n n e r surface o f the f o u r t h , fifth, s i x t h , and 
seventh costal plates, e x t e n d i n g f r o m the end o f the f o u r t h to the 
b e g i n n i n g o f the s even th ; also b y a separate fasciculus f r o m the 
e i g h t h r i b ; and b y th ree slender tendons f r o m near the cardinal 
border o f the h y p o s t e r n a l ; i t is inse r ted b y a b road tendinous 
sheet i n t o the mesial border o f the same p la s t r a l e lement , w h i c h 
is the homologue o f the abdomina l haemapophyses and spine 
r e c e i v i n g the same inse r t i on . 

T h e obliquus externus, fig. 1 5 1 , 40, arises f r o m the i n n e r side 
o f the ex t remi t i e s o f the las t f o u r costal plates, and adherent 
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m a r g i n a l ones ; i t is inse r t ed a long a s igmoid l i n e e x t e n d i n g f r o m 
the pos te ro -ex te rna l angle o f the hypos t e rna l to the m i d d l e o f the 
x i p h i s t e r n a l and b y a special fasciculus and t endon i n t o the l a t e r a l 
process o f the pub i s . 

T h e latissimus colli, figs. 1 5 1 , 152, 21, consists o f t w o par ts ; 
b o t h are a t tached, above, t o aponeuroses connec t ing t h e m w i t h 
the ce rv i ca l d iapophyses ; the fibres o f the pos ter ior d i v i s i o n , 
fig. 149, 21 a, pass d o w n and ra the r b a c k w a r d , over the muscles o f 
t h e base o f the neck , and are inse r t ed i n t o the m i d l i n e o f the 

Side view of superficial muscles of trunk, head and limbs, Emys Europcea. xxxnu. 

epi- and ento-sternals: the fibres of the longer anterior portion 
sweep t ransverse ly across the l a t e r a l and l o w e r par ts o f the neck , 
fig. 152, 21. 

T h e extensor caudce, fig. 1 5 1 , 47, inc ludes t h e n e u r a l por t ions o f 
the myocommas o f th i s r e g i o n f r o m i t s base, w h e r e the fo remos t 
has a sacral o r i g i n , t o near the t i p . T h e Jiexor caudce lateralis, 
i b . 48, consists o f the l a t e r a l par ts o f the same muscu la r seg
ments . T h e Jiexor caudce inferior is s h o w n a t i b . 49: the Jiexor 
caudce lumbalis i n fig. 150, 50: t h e Jiexor caudce obturatorius i n 
figs. 151 a n d 156, 51. 

T h e f o l l o w i n g are muscles o f the t y m p a n o - m a n d i b u l a r a rch . 
T h e temporalis, figs. 1 5 1 , 152 , 1, arises f r o m the p a r i e t a l a n d 

supe rocc ip i t a l spines, a n d is inse r t ed i n t o the co rono id p a r t o f t h e 
m a n d i b l e . T h e pterygoideus, figs. 148, 149, 152, 4, arises f r o m 
t h e o u t e r surface o f the p t e r y g o i d , and is inse r t ed i n t o the i n t e r n a l 
t u b e r o s i t y o f t h e a r t i c u l a r e lement o f t h e m a n d i b l e . T h e apertor 
oris, or d igas t r i cus , figs. 150, 153, 3, arises f r o m t h e mas to id , and 
is i n s e r t e d i n t o t h e angu l a r process o f the m a n d i b l e . T h e dilatator 
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tubce, figs. 148, 149, 4, arises f r o m the mas to id , and is inserted 
i n t o the pos te ro - in fe r io r angle o f the t y m p a n i c and i n t o the begin
ning: o f the eustachian tube . 

c> 
T h e f o l l o w i n g are muscles o f the hyo idean a rch and appen

dages. T h e mylohyoideus, fig. 153,13, extends t ransversely between 
the m a n d i b u l a r r a m i , a n d is a t tached to the h y o i d b y i t s median 

Muscles and viscera in situ, from below, Emys Europcea. xxxvin. 

raphe. The omohyoideus, figs. 150, 152, 14, arises from the 
coracoid, and is i n se r t ed i n t o the basi- , cerato-, and thyro-hyals . 
T h e geniohyoideus, f igs . 150, 152, 15, 16, arises f r o m the back part 
o f the symphys is m a n d i b u l a r ; is u n i t e d to i t s f e l l o w as f a r back 
as the bas ihya l , and there d iverges to i t s i n s e r t i o n i n t o the cera
t o h y a l . T h e hyomaxillaris, fig. 150 , 16, arises f r o m the ar t icular 
e lement and is inse r t ed i n t o the ce ra tohya l . T h e genioglossus, 
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fig. 152, 17, arises f r o m the den ta ry and is inse r ted i n t o the ou te r 
angle o f the bas ihya l and i n t o i t s t r i a n g u l a r appendage. T h e 
hyoglossus, fig. 1 5 1 , 18, passes f r o m the bas ihyal and i t s appendage 
to the ce ra tohya l , w h i c h i t covers on the l e f t side o f fig. 152. 

T h e p rope r muscles o f the scapular a rch are v e r y f e w , b y 

reason o f i t s fixity, a l t h o u g h i t g ives o r i g i n t o m a n y w h i c h act 
u p o n o the r m o r e moveable par ts . 

T h e subclavius, fig. 148, 59, arises f r o m the unde r p a r t o f the 
first costal p l a t e , a n d is i n se r t ed i n t o the suprascapula and con
t i g u o u s p a r t o f the scapula. T h e serratus magnus, fig. 152, 75, 
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fig. 153, 57, arises f r o m p a r t o f the ou te r marg ins o f the first and 
second costal plates and f r o m the same m a r g i n o f the cardinal 
process o f the hyos t e rna l and cont iguous p a r t o f the h y p o s t e r n a l : 
i t is inser ted i n t o the uppe r surface o f the coracoid. T h e latis-
simus dorsi, fig. 152, 58, arises f r o m the i n n e r surface o f the first 
costal p la te , and is inse r ted i n t o the neck o f the humerus . The 
deltoides, fig. 153, 60, arises b y th ree heads ; one, i b . 60 a, f r o m the 
i nne r surface o f the ento- and ep i - s te rna ls ; another , i b . 60 b, f r o m 
the c lav icu la r process o f the scapula ; and the t h i r d f r o m the 
angle be tween t h a t process and the b o d y o f the scapula : i t is 
inser ted i n t o the lesser t u b e r o s i t y o f the humerus . T h e claviculo-
brachialis, fig. 152, 61, arises f r o m the c lav ic le , and is inser ted into 
the outer t ube ros i t y o f the humerus . T h e subcoracoideus, fig. 153, 
62, arises f r o m the under surface o f the coracoid, and is inserted 
i n t o the i nne r t ube ros i t y o f the humerus . T h e super cor acoideus, 
figs. 1 5 1 , 152, 64, arises f r o m the u p p e r surface o f the coracoid, 
and is inser ted i n t o the ou te r t u b e r o s i t y o f the humerus . The 
teres minor, fig. 152, 65, arises f r o m the pos ter ior border o f the 
coracoid and is inse r ted i n t o the p i t be tween the h u m e r a l tuberosi
t ies , w i t h an a t t achment t o t h e capsule o f the shoulder- joint . 
T h e triceps brachii, figs. 152, 153, 65 a c, arises f r o m above the 
g l e n o i d m a r g i n o f the scapula, 65 a, and f r o m the humerus , 65 c: 
i t is inser ted i n t o the olecranon. T h e biceps brachii, fig. 153, 66, 
arises f r o m the back p a r t o f the coracoid , 66" : i t is inserted, 
w i t h the brachia l i s i n t e r n u s , i n t o the u l n a , and b y a slender tendon, 
66 a, i n t o the radius . T h e brachialis internus, fig. 152, 67, 
arises f r o m the i n n e r t u b e r o s i t y and concave surface o f the 
humerus and is inse r ted i n t o the p r o x i m a l ends o f b o t h the radius 
and u lna . T h e palmaris, figs. 150, 153, 68, arises f r o m the outer 
condyle o f the humerus , and is i n se r t ed i n t o the palmar aponeu
rosis. T h e Jiexor sublimis, figs. 1 5 1 , 153, 69, arises f r o m the outer 
condyle o f the humerus and is inse r ted i n t o the metacarpal o f the 
fifth d i g i t and i n t o the t endon o f the u lna r i s i n t e r n u s . T h e Jiexor 
profundus, figs. 150, 1 5 1 , 70, arises f r o m the concave side o f the 
u lna , and is inser ted i n t o an aponeurosis s p l i t t i n g i n t o five tendons 
f o r the last phalanges o f the five d i g i t s . T h e pronator teres arises 
f r o m the outer condyle o f the h u m e r u s : i t s i n s e r t i o n , shown i n 
fig. 154, 71, is i n t o the r ad i a l side o f the carpus, w i t h t h a t o f the 
pronator quadratus, i b . 72. T h e ulnaris internus, figs. 1 5 1 , 153, 
73, arises f r o m the tube rc le above the ou te r angle o f the humerus , 
and is inser ted i n t o the u l n a r side o f the carpus and cont iguous 
end o f the fifth metacarpal . T h e ulnaris externus, figs. 1 5 1 , 152, 
74, arises f r o m the tube rc le above the i n n e r condy le o f the 
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humerus , a n d is inser ted i n t o the carpus near the u lna . T h e 
radialis internus, fig. 154, 75, arises f r o m the t u b e r o s i t y above the 
ou te r condy le o f the humerus , and is inse r ted i n t o the d i s ta l end 
o f the rad ius . T h e radialis externus longus, 
fig. 152 , 76, arises f r o m the t u b e r o s i t y above 
the i n t e r n a l h u m e r a l condy le , and is inser ted 
i n t o the r a d i a l m a r g i n o f the ca rpus ; the 
musc le c o n v e r g i n g towards 76, i n the same 
figure, is t he radialis internus. T h e radialis 
externus brevis, fig. 150, 77, arises f r o m the 
t u b e r o s i t y above the i n t e r n a l h u m e r a l condy le , 
a n d is inser ted i n t o the back o f the carpus. 
T h e supinator longus, figs. 152, 153, 78, arises 
above the i n t e r n a l h u m e r a l condy le , and is i n 
serted i n t o the r a d i a l side o f the carpus and 
the same border o f the radius . T h e supinator 
brevis, fig. 152, 79, arises f r o m the t ube rc l e 
above the i n n e r h u m e r a l condyle , and is i n 
serted i n t o the back o f the radius . T h e extensor 
communis digitorum, fig. 1 5 1 , 80, arises f r o m the 
t u b e r o s i t y above the i n n e r h u m e r a l condyle , and is inser ted i n t o 
the five metacarpals . T h e extensor proprius pollicis, fig. 150, 8J, 
arises f r o m the u l n a , and is inser ted i n t o the metacarpa l o f the 
p o l l e x . T h e extensor proprius digiti minimi, fig. 152, 82, arises 
f r o m the u l n a r side o f the carpus and is inse r ted i n t o the me ta 
ca rpa l and first pha l anx o f the fifth d i g i t . T h e extensores breves 
digitorum, figs. 1 5 1 , 153, 83, arise f r o m the back o f the carpus 
and metacarpus , a n d are inse r t ed i n t o the d i s t a l phalanges. T h e 
abductor pollicis, fig. 153, 84, arises f r o m the 
i n n e r side o f the carpus, a n d is inse r t ed i n t o 
t h e first pha l anx o f the p o l l e x . T h e jlexores 
breves digitorum, fig. 153, 88, arise f r o m the 
pa lmar sesamoids and fascia , a n d are i n se r t ed 
i n t o the phalanges. T h e r e are also, interossei, 
b o t h e x t e r n a l a n d i n t e r n a l ; the l a t t e r are s h o w n 
a t 90, figs. 154 a n d 155. T h e adductores digi
torum, fig. 155 , 86, are l i m i t e d t o the first, 
second, and t h i r d fingers, t o t h e metacarpals o f 
w h i c h t h e muscles i n c l i n e , r ad i ad , f r o m t h e 
second r o w o f carpals. 

T h e f o l l o w i n g are the muscles o f the p e l v i c 
a r c h a n d l i m b : — 

T h e attrahens pelvim, figs. 150, 153, 43, arises f r o m con t iguous 
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parts o f the h y p o - and x iph i - s t e rna l s , a n d is inse r t ed i n t o the 
outer process o f the pubis . T h e retr aliens pelvim, i b . 44, arises 
f r o m the poster ior h a l f o f the x i p h i s t e r n a l , and has a s imi lar i n 

ser t ion. M o r e d i r ec t re t ractors o f 
i t he pe lv i s are the muscle cal led 
Jiexor caudce obturatorius, w h i c h 
I arises f r o m the caudal haemapo
physes, and is inse r ted i n t o the 
f r o n t border o f the ob tura tor 
f o r a m e n ; and the Jiexor caudce 
ischiadicus, i b . 52, w i t h a s imilar 
o r i g i n , b u t inse r t ed i n t o the ischial 
symphys i s . T h e pectineus ( i l iacus 

in t e rnus , Boj.), figs. 150, 152, 153, 91, arises f r o m the upper surface 
and outer process o f the pub is , and is i n se r t ed i n t o the inner t r o 
chanter o f the f e m u r . I t s i n s e r t i o n receives also a small fasciculus 
f r o m the n i n t h dorsal c e n t r u m , and the t e n t h p leurapophysis , w h i c h 
m a y represent the psoas. A glutceus, figs. 150, 1 5 1 , 93, arises f r o m 
the n i n t h and t e n t h pleurapophyses, and f r o m the i l i u m . A second 
glutceus, figs. 150, 1 5 1 , 152 , 94, arises f r o m t h e sacral and anterior 
caudal pleurapophyses. B o t h are inse r t ed i n t o the outer trochanter, 
toge ther w i t h a fasc iculus , r ep resen t ing an obturatorius, f r o m the 
i nne r surface o f the o b t u r a t o r fascia, and f r o m the i schia l symphysis. 
T h e triceps adductor, figs. 152, 153, 97, arises f r o m the i n f e r i o r sur
face o f the pub is , and is inse r ted i n t o the i n n e r t rochanter , crossed 
b y the i schio-pubic l i gamen t . T h e quadratus, fig. 152, 98, arises 
f r o m the t u b e r i s ch i i , and is inse r t ed i n t o the back interspace o f 
the t rochanters . T h e rectus femoris, fig. 1 5 1 , 99, arises b y a b i f i d 
t endon f r o m the uppe r end o f the i l i u m , and is inse r ted , w i t h the 
vastus externus, fig. 150, 100, vastus internus, fig. 1 5 1 , 101, crurceus, 
fig. 152, 102, and sartorius, fig. 153, 106, i n t o the fo re -pa r t o f the 
head o f the t i b i a . T h e semitendinosus, figs. 150, 152, 104, has 
three o r ig ins , one f r o m the back p a r t o f the uppe r end o f the 
i l i u m and cont iguous p a r t o f the sacrum, a second f r o m the tuber 
ischia, a t h i r d f r o m the back pa r t o f the i schia l s y m p h y s i s ; they 
j o i n a common t endon w h i c h passes b e h i n d the knee - jo in t , and 
t h e n b i fu rca tes to be inse r ted i n t o the ou te r p r o x i m a l tuberos i ty 
o f the t i b i a , and i n t o the gas t rocnemius , 114 b. T h e semimem
branosus, fig. 153, 105, has t w o o r ig ins , one, 105 a, f r o m the first 
caudal v e r t e b r a ; the o ther , 105 b, f r o m the t u b e r i s c h i i and ischio-
p u b i c l igamen t . I t is inse r ted i n t o the u p p e r p a r t o f the t ib ia . 
T h e gracilis, fig. 153, 107, arises f r o m the m i d d l e o f i schiopubic 
l i g a m e n t , and is inser ted i n t o the u p p e r and ou t e r p a r t o f the 
t i b i a . T h e extensor communis digitorum, fig. 1 5 1 , 108, arises f r o m 
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the r i dge an te r io r t o the ou te r f e m o r a l condyle , and is inse r ted 
i n t o the d i s t a l pha lanx o f the h a l l u x and i n t o the p r o x i m a l phalanges 
o f the o ther toes. T h e tibialis anticus, figs. 150, 153, 109, arises 
f r o m the an te ro - in t e rna l m a r g i n o f the t i b i a , and is inser ted i n t o 
the t i b i a l side o f the tarsus and first metatarsal . T h e peroneus, 
fig. 1 5 1 , 10, arises f r o m the fo r e p a r t o f the fibula, and is inser ted 
i n t o the cubo id , and f o u r t h and fifth metatarsals. T h e digit-
extensor es breves, figs. 149, 1 5 1 , i n , arise f r o m the dorsal aspect 
o f the second r o w o f tarsals, metatarsals, and p r o x i m a l phalanges, 
a n d are inser ted i n t o the u n g u a l phalanges. T h e extensor proprius 
hallucis, figs. 152, 153, 112, arises f r o m the l o w e r end o f the 
fibula, and is inser ted b y a b i f u r c a t e t endon i n t o the sides o f the 
first pha lanx o f the h a l l u x . T h e abductor hallucis arises f r o m t h e 
t endon o f the tibialis anticus, and f r o m the first meta tarsa l , and is 
inser ted i n t o the base o f the p r o x i m a l pha l anx o f the h a l l u x . 
T h e gastrocnemius, figs. 1 5 1 , 153, 114, has t w o heads, one, 114 a, 
f r o m the ou ter f e m o r a l c o n d y l e ; the o ther , 114&, f r o m the ou t e r 
m a r g i n o f the t i b i a , and th i s receives also the t e n d o n f r o m t h e 
semitendinosus: i t is inse r ted i n t o the calcaneum and expanded 
meta tarsa l o f the fifth d i g i t , and is con t i nued i n t o the p l an t a r 
fascia. T h e plantaris, fig. 153,115, arises above the ou te r f e m o r a l 
condy le , and coalesces w i t h the soleus, fig. 152 , 116, and the digiti-

Jlexor longus, 117, t o t e rmina t e i n a c o m m o n aponeurosis, a t tached 
t o b o t h sides o f the tarsus, and d i v i d i n g , as i n fig. 157, 117, t o be 
inse r ted i n t o the u n g u a l phalanges. T h e digitiflexores breves, 
fig. 157, l i s , are f o u r i n n u m b e r , arise f r o m the tarsus, and are 

i n se r t ed i n t o the sides o f the m i d d l e pha l anx , a n d b y a slender 
t e n d o n i n t o the u n g u a l pha lanx , o f the f o u r ou te r toes. T h e 
tibialis posticus, figs. 152, 158, 119, arises f r o m the i n n e r a n d back 
p a r t o f t h e fibula, a n d expands i n t o an aponeurosis , i n c l u d i n g a 
sesamoid, w h i c h d ivides t o be i n se r t ed i n t o the second r o w o f 
tarsals , and the metatarsals o f the h a l l u x a n d fifth d ig i t s . T h e 

V O L . 1. R 
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interosseus cruris, fig. 158, 120, extends o b l i q u e l y be tween the 
opposite marg ins o f the leg-bones. T h e interossei digitorum 

dorsales, are shown at 122, and those o f the p l an t a r surface at 123, 
fig. 158. 

T h e highest f a c u l t y o f t e r r e s t r i a l l o c o m o t i o n i n the r ep t i l i an 
class, is man i fes ted b y the sa l ta tory batrachians. 

I n the h i n d l i m b o f the f r o g there is a muscle w h i c h extends 
f r o m the diapophysis o f the t h i r d ve r t eb ra to t h e i l i u m , w h i c h i t 
tends to p r o t r a c t , and a c t i n g f r o m w h i c h i t m a y s l i g h t l y bend the 
back . T h e ectogluteus receives an accessory s t r i p f r o m the 
coccygeal s ty le . T h e mesogluteus is a s t r ong muscle. T h e ento-
gluteus and iliacus are u n i t e d . T h e obturator externus has a semi
c i r cu l a r f o r m . T h e quadratus femoris is i n t w o strata. There 
are t w o pectinei and f o u r adductores femoris. T h e extensor cruris 
consists o f a vastus internus and a vastus externus w i t h a coalesced 
crurceus; the re is no rectus femoris. T h e flexor cruris lias b u t 
one head or o r i g i n f r o m the l o w e r and back p a r t o f the i l i u m . 
T h e semitendinosus has t w o heads, one f r o m t h e f o r e par t , the 
o ther f r o m the back p a r t o f the i schio-pubic symphys is . The 
semimembranosus and gracilis have the usua l a t tachments . The 
sartorius resembles the rectus i n i t s p o s i t i o n and course i n f r o n t of 
the t h i g h : i t is u n i t e d to the tensorfascice latce. T h e gastro
cnemius is represented b y i t s e x t e r n a l m o i e t y , w h i c h is so large as 
t o g ive the appearance o f a ' c a l f to the l e g : i t s t e n d o n glides 
b e h i n d the t i b io - t a r sa l j o i n t , and expands as i t descends along 
the tarsal segment i n t o a p l an t a r fascia. T h e tibialis anticus 
arises b y a s t rong t endon f r o m the f e m u r , and d iv ides at the 
m i d d l e o f the t i b i a i n t o a fascicle inse r t ed i n t o the astragalus, and 
a second inser ted i n t o the c a l c a n e u m ; i n b o t h at t he p r o x i m a l 
end. A cruro-tibialis rises f r o m the l o w e r end o f t h e f e m u r , and 
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is inser ted i n t o the fo re p a r t o f the l o w e r th ree - four ths o f the 
t i b i a . T h e tibialis posticus, w i t h the usual o r i g i n , is inser ted i n t o 
the astragalus, fig. 4 4 , a. A peroneus arises f r o m the ou te r 
f e m o r a l condy le , and f r o m the outer side o f the l eg -bone ; i t s 
t endon b i fu rca t e s , one p a r t b e i n g at tached to the ou te r mal leolus , 
t he o ther t o the base o f the calcaneum, i b . d. A n extensor longus 
digitorum arises f r o m the outer mal leolus , passes be tween the t w o 
por t ions o f the t i b i a l i s ant icus, and, a f t e r sending an in se r t i on to 
the astragalus, is con t inued to the three midd l e toes. T h e 
extensor brevis arises f r o m the who le l e n g t h o f the calcaneum, and 
divides i n t o s ix par ts , an ex te rna l t o the meta tarsa l o f the h a l l u x , 
an i n t e r n a l t o t h a t o f the m i n i m u s , and the in te rmedia te f o u r t o 
the phalanges o f the f o u r ou ter toes ; these u n i t e w i t h the tendons 
o f interossei externi, t o w h i c h m i g h t be r e f e r r e d the extensor o f the 
ha l l ux . B o t h th i s toe and the ou termost have t h e i r abductors 
f o r spreading the web . T h e r e is also an abduc tor o f the en to-
c u n e i f o r m , fig. 4 4 , ci, w h i c h resembles a smal l accessory d i g i t . 
T h e p lan ta r aponeurosis, w h i c h receives a fleshy fascicle f r o m the 
t i b io - t a r sa l capsule, gives o r i g i n t o a muscle inse r ted i n t o the 
who le l e n g t h o f the astragalus, d ivides i n t o s ix fascicles, w h i c h 
f o r m sheaths f o r the flexor tendons, t w o o f w h i c h be long to the 
f o u r t h toe ; and, finally, is resolved i n t o three tendons, o f w h i c h 
t w o go to the fifth toe, and one to the f o u r t h . T h e flexor longus 
digitorum arises f r o m the t i b io - t a r sa l capsule, and is expended 
u p o n the three outer toes. T h e several inser t ions o f the f o r e 
g o i n g d i g i t a l flexors g i v e one t endon f o r the u n g u a l pha l anx , and 
t w o f o r the o ther phalanges. 

§ 48 . Locomotion of Fishes. — H i t h e r t o the osteology and m y o 
l o g y o f the cold-blooded Ver t eb ra t e s have been considered c h i e f l y 
f r o m a homolog ica l p o i n t o f v i e w . I have a imed at r e l i e v i n g the 
dryness o f descr ip t ive de t a i l , and at connec t ing the m u l t i f a r i o u s 
pa r t i cu l a r s o f th i s d i f f i c u l t p a r t o f C o m p a r a t i v e A n a t o m y i n 
n a t u r a l order , so as t o be easi ly r e t a ined i n the m e m o r y , b y 
r e f e r r i n g t o the re la t ions w h i c h the bones and muscles o f F ishes 
and R e p t i l e s bear t o the genera l p l a n o f ve r t eb ra te o rgan i sa t ion , 
and b y i n d i c a t i n g t h e i r analogies to t r a n s i t o r y states o f s t r u c t u r e 
i n the e m b r y o o f h ighe r animals , and to those answerable con
d i t ions o f the m a t u r e ske le ton w h i c h , i n longe r lapse o f t i m e , 
have successively p reva i l ed and passed a w a y i n the generat ions 

*of species t h a t have l e f t recognisable remains i n the super imposed 
s t ra ta o f the earth's c rus t . 

T o de te rmine the par ts o f t h e ve r t eb ra t e s t r u c t u r e w h i c h are 
mos t constant — t o t race t h e i r genera l , ser ia l , and special homo-

it 2 
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logies, under a l l the var ious modi f ica t ions b y w h i c h t h e y are 
adapted to the several modes and spheres and grades o f existence 
o f the d i f f e r e n t species — shou ld be the grea t a i m o f anatomical 
science ; as b e i n g t h a t w h i c h reduces i t s facts t o the mos t n a t u r a l 
order , and t he i r expos i t ion to the s imples t expressions. 

I t is impossible , i n p u r s u i n g the r equ i s i t e compar ison u p w a r d 
t h r o u g h the h ighe r organised classes, n o t to recognise resemblances 
be tween the u l t i m a t e states and f o r m s o f i c h t h y i c organs, and the 
t r a n s i t o r y c o n d i t i o n o f the same par t s , i n the h ighe r species. 
B u t these resemblances have been sometimes overs ta ted, or pre
sented under u n q u a l i f i e d me taphor i ca l expressions, ca lcula ted to 
mis lead the s tudent and to obs t ruc t t h e a t t a i n m e n t o f complete 
conceptions o f t h e i r na tu re . W e shou ld lose mos t va luable f r u i t s 
o f anatomical s t u d y were w e to l i m i t t he app l i ca t i on o f i ts facts 
to the e luc ida t ion o f the u n i t y o f the ve r t eb ra te t y p e o f o rgan i 
sat ion, or i f we were to rest sat isf ied w i t h t h e de tec t ion o f the 
analogies be tween the embryos o f h ighe r and the adul ts o f lower 
species i n the scale o f be ing . W e m u s t go f u r t h e r , and i n a 
d i f f e r e n t d i r e c t i o n , to ga in a v i e w o f the f r u i t f u l physiologica l 
p r i n c i p l e o f the r e l a t i o n o f each adapta t ion t o i t s appropriate 
f u n c t i o n , i f w e w o u l d avo id the danger o f r e s t i n g i n speculations 
o n the mode o f ope ra t ion o f d e r i v a t i v e secondary causes, and o f 
b l i n d i n g the m e n t a l v i s i o n to the mani fes ta t ions o f D e s i g n w h i c h 
the var ious f o r m s o f the A n i m a l C r e a t i o n o f fe r t o ou r contem
p l a t i o n . 

T o r eve r t , t h e n , t o the ske le ton o f F ishes , w i t h a v i e w to the 
te leologica l app l i ca t ion o f the facts de t e rmined b y the s tudy o f 
th i s complex m o d i f i c a t i o n o f the a n i m a l f r a m e w o r k . N o doubt 
there is analogy be tween the ca r t i l ag inous state o f the endo
skele ton o f Cuv ie r ' s Chondrop t e ryg i ans , and t h a t o f the same 
p a r t i n the embryos o f a i r - b r e a t h i n g V e r t e b r a t e s ; b u t w h y the 
g r i s t l y skele ton should be, as i t c o m m o n l y has been pronounced to 
be, absolu te ly or t e l eo log ica l ly i n f e r i o r t o the b o n y one is no t so 
obvious. T h e o r d i n a r y course o f age, decrep i tude , and decay o f 
the l i v i n g b o d y is associated w i t h a progressive accumula t i on o f 
ea r thy and ino rgan ic par t ic les , g r a d u a l l y i m p e d i n g and s t i f f en ing 
the movements , and finally s t opp ing the p l a y o f the v i t a l machine. 
A n d I k n o w n o t w h y a flexible vascular a n i m a l substance should 
be supposed to be raised i n the h i s to log ica l scale because i t has 
become impregna t ed , and as i t we re p e t r i f i e d , b y the a b u n d a n f 
in tus-suscept ion o f ea r thy salts i n i t s areolar t issue. I t is p e r f e c t l y 
i n t e l l i g i b l e t h a t th i s accelerated progress to the i n o r g a n i c state 
m a y be requ i s i t e f o r some special off ice o f such ca l c i f i ed par ts i n 
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the i n d i v i d u a l e c o n o m y ; b u t no t , the re fo re , t ha t i t is an absolute 
e leva t ion o f such par ts i n the series o f an ima l tissues. 

I t has been deemed no mean resu l t o f Compara t ive A n a t o m y 
to have p o i n t e d o u t the analogy be tween the shark's skele ton and 
t h a t o f the h u m a n e m b r y o , i n t h e i r h i s to log ica l c o n d i t i o n s ; and 
no d o u b t i t is a v e r y i n t e r e s t i ng one. B u t the pe rcep t ion o f 
such analogy is n o t incompat ib le w i t h the endeavour to g a i n 
i n s i g h t i n t o the purpose o f the Crea tor , i n so a r re s t ing the o r d i 
n a r y course o f osteogeny i n the h i g h l y organised fish. N o l a w o f 
h u m a n in te l l igence condemns i t t o r e s t r i c t i t s cognizance o f the 
phenomenon, as solely those o f an u n f i n i s h e d , i ncomple t e stage o f 
an h y p o t h e t i c a l ser ial developement o f organic f o r m s . 

T h e predaceous Sharks are the most ac t ive and v igorous o f 
fishes; l i k e b i rds o f p r ey , t hey soar, as i t were , i n the uppe r 
regions o f t h e i r atmosphere, and , w i t h o u t any a i d f r o m a m o d i f i e d 
resp i ra to ry apparatus, devo id o f an a i r -b ladder , t h e y h a b i t u a l l y 
m a i n t a i n themselves near the surface o f the sea, b y the ac t ion o f 
the i r large and muscu la r fins. T h e g r i s t l y ske le ton is i n p r o 
spective h a r m o n y w i t h th i s mode and sphere o f l i f e , and w e sha l l 
subsequent ly find as w e l l - m a r k e d modi f i ca t ions o f the d iges t ive 
and other systems o f the shark, b y w h i c h the b o d y is r endered as 
l i g h t , and the space w h i c h encroaches o n the muscu la r system as 
sma l l , as m i g h t be compat ib le w i t h those actions. Besides, l i g h t 
ness, toughness, and e las t ic i ty are the qua l i t i es o f the ske le ton 
mos t essential t o the s h a r k : t o y i e l d t o the con t r ac t ion o f the 
l a t e r a l in f lec tors , and a i d i n the r eco i l , are the f u n c t i o n s w h i c h t h e 
spine is m a i n l y r e q u i r e d t o f u l f i l i n the act o f l ocomot ion , and to 
w h i c h i t s a l t e r n a t i n g elastic ba l l s o f fluid, and semi-ossified b i 
concave vertebrae, so a d m i r a b l y adapt i t . T o have had t h e i r en t i r e 
ske le ton consolidated and loaded w i t h ea r thy m a t t e r w o u l d have 
p r o v e d an encumbrance a l toge the r a t var iance w i t h the offices 
w h i c h the Sharks are appo in ted t o f u l f i l i n the economy o f the 
g rea t deep. 

I suspect t h a t those w h o see i n a m o d i f i c a t i o n o f the ske le ton , 
so b e a u t i f u l l y adapted t o the exigencies o f the h ighes t organised 
o f fishes, n o t h i n g m o r e t h a n a f o r e s h o w i n g o f the ca r t i l ag inous 
c o n d i t i o n o f the r e p t i l i a n e m b r y o i n an enormous tadpole , ar res ted 
a t an i n c o m p l e t e stage o f t y p i c a l developement , have been m i s l e d 
b y the c o m m o n name g i v e n to the P lag ios tomous fishes. T h e 
a n i m a l basis o f the shark's ske le ton is n o t c a r t i l a g e ; i t is n o t t h a t 
consol ida ted j e l l y w h i c h f o r m s t h e basis o f the bones o f h i g h e r 
V e r t e b r a t e s : i t has more resemblance t o mucus ; i t r equ i res 1000 
t imes i t s w e i g h t o f b o i l i n g wa t e r f o r i t s s o l u t i o n , a n d is ne i the r 
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p rec ip i t a ted b y i n f u s i o n o f gal ls , no r y ie lds any ge la t ine u p o n 
evapora t ion . 

I n l i k e manner t h e modi f i ca t ions o f the d e r m a l ske le ton o f 
fishes have been v i e w e d too e x c l u s i v e l y i n a re t rospect ive r e l a t ion 
w i t h the p reva len t character o f the ske le ton o f the I n v e r t e b r a t e 
animals. Doub t l e s s i t is i n the lowes t class o f Y e r t e b r a t a t ha t 
the examples o f grea t and exc lus ive developement o f the exo
skele ton are most n u m e r o u s ; b u t some anatomists , u u t h e i r zeal 
t o t race the ser ial progress ion o f a n i m a l f o r m s , seem t o have lost 
sip-lit o f a l l the ver tebra te instances o f the b o n y d e r m a l skeleton, 
except those presented b y the gano id and p laco id fishes. H e 
mus t have sunk to the l o w concept ion t h a t na tu re had been 
l i m i t e d to a ce r t a in a l lowance o f the salts o f l i m e i n the f o r m a t i o n 
o f each animal 's ske le ton , w h o c o u l d a f f i r m t h a t i n the hipher 
Y e r t e b r a t a 1 t he i n t e r n a l a r t i c u l a t e d ske le ton takes a l l the ear thy 
ma t t e r f o r i t s conso l ida t ion , ' 1 f o r g e t t i n g t h a t the b u l k y G l y p t o d o n , 
a n d i t s d i m i n u t i v e congeners the A r m a d i l l o s , have t h e i r i n t e r n a l 
ske le ton as f u l l y developed and as c o m p l e t e l y ossif ied as i n any 
o ther m a m m a l . T h e o rgan i s ing energies w h i c h pe r fec t and 
s t r eng then the osseous i n t e r n a l ske le ton do n o t des t roy nor i n 
any degree d i m i n i s h the tendency t o calcareous depositions on the 
surface, w h e n the habi ts a n d sphere o f l i f e o f the warm-blooded 
q u a d r u p e d r e q u i r e a s t r ong defensive c o v e r i n g f r o m t h a t source. 
X e i t h e r do w e find i n the co ld-b looded series t h a t the endo
skele ton o f the a l l i ga to r or scelidosaur was consolidated b y a 
m i n o r amoun t o f ea r thy m a t t e r t h a n t h a t o f the naked f r o g or 
horn-scaled l i z a r d . 

T h e m o m e n t t h a t the observations o f t h e na tu ra l i s t brino- to 
l i g h t the mode o f l i f e o f any o f those fishes w h i c h are said to 
r e t a i n an unusua l p r o p o r t i o n o f the e x t e r n a l she l l o f the I n v e r t e -
bra ta , w e are i n a c o n d i t i o n to appreciate the adapta t ion o f tha t 
ex t e rna l defensive c o v e r i n g t o such mode o f l i f e . T h e Sturgeons, 
f o r example , were designed to be the scavengers o f the great 
r i v e r s ; t h e y s w i m l o w , g r o v e l a long the b o t t o m , f eed ing , i n 
shoals, on the decomposing a n i m a l and vegetable substances 
w h i c h are h u r r i e d d o w n w i t h the debris o f the con t inen t s dra ined 
b y those r a p i d cur ren ts ; thus t h e y are ever bus ied r e c o n v e r t i n g 
the substances, w h i c h o therwise w o u l d t e n d t o c o r r u p t the ocean, 
i n t o l i v i n g organised ma t t e r . These fishes are, t he re fo re , d u l y 
w e i g h t e d b y a ballast o f dense d e r m a l osseous pla tes , n o t scat tered 
a t r a n d o m over t h e i r surface, b u t r e g u l a r l y a r ranged , as the 
seaman k n o w s h o w bal last shou ld be, i n o r d e r l y series a l o n g the 

1 xxvn. p. 527. 
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midd le and at the sides o f the body. T h e p ro t ec t i on against the 
wa te r - logged t i m b e r and stones h u r r i e d a long t h e i r f e e d i n g 
grounds , w h i c h the sturgeons der ive f r o m t h e i r scale-armour, 
renders needless the ossif icat ion o f the car t i l ag inous case o f the 
b r a i n or o ther par ts o f the endoske le ton ; and the w e i g h t o f t h e 
a r m o u r requ i res t h a t endoskeleton to be k e p t as l i g h t as m a y be 
compat ib le w i t h i t s elastic p r o p e r t y and other f unc t i ons . T h e 
sturgeons are f u r t h e r ad jus ted to t he i r place i n the l i q u i d e lement , 
and endowed w i t h the power o f chang ing t h e i r pos i t ion and r i s i n g 
t o the surface, b y a large air-bladder. 

These te leologica l in te rp re ta t ions o f the d e r m a l b o n y plates 
m a y g i v e some in s igh t i n t o the habi ts and condi t ions o f existence 
o f those G a n o i d and heav i ly -p ro tec ted P l a c o i d Fishes w h i c h so 
p redomina ted i n the ear l ier periods o f an ima l l i f e i n ou r p lane t , 
w h i c h Ganoids and Placoids have h i t h e r t o been v i e w e d a lmost 
exc lus ive ly b y the l i g h t o f the ana logy o f an embryon ic ' A g e o f 
Fishes, ' or exp la ined as arrested stages i n the t r a n s m u t a t i o n o f 
Crustacea. I l o n g ago demonst ra ted t h a t b o t h p lacoid plates a n d 
gano id scales, i n the e x t i n c t (Lepidotus1) as w e l l as e x i s t i n g 
(Lepidosteus) fishes, d i f f e r e d f r o m the super f i c ia l shells o f t h e 
I n v e r t e b r a t a 2 i n p resen t ing the same organisa t ion f o r g r o w t h and 
repa i r , the same essential microscopic s t r u c t u r e , as the ossif ied 
par ts o f the endoskeleton w h i c h t h e y serve to pro tec t . 

T h e Coccosteus, fig. 127, o f the O l d R e d Sandstone, l i k e the 
Pimelodus o f the Ganges, had a h a l f su i t o f such organised 
a r m o u r ; and , as H u g h M i l l e r 3 suggests, the habi ts o f the m o d e r n 
sheat-f ish m a y have been fo r e shown i n p r i m e v a l t imes b y the 
placoganoid, b u r y i n g the undefended p a r t o f i t s b o d y i n the m u d , 
and expos ing o n l y i t s h e l m and cuirass, t o arrest , as t h e y passed, 
the smaller animals on w h i c h i t p reyed . 

Never theless , the degree i n w h i c h the exoskele ton predominates 
over the endoskeleton as w e penetra te i n t o past t i m e , descending 
i n t o the foss i l i fe rous s t ra ta o f t h e ea r th f o r evidence o f anc ien t 
l i f e , is h i g h l y i n t e r e s t i n g a n d suggest ive. 

A t the present day o n l y t w o l ep idogano id genera o f fishes are 
k n o w n — t h e Lepidosteus o f N o r t h A m e r i c a , and the Polypterus o f 
A f r i c a — b o t h r e s t r i c t e d to f r e s h waters . O t h e r e x i s t i n g fishes o f 
cognate o rgan isa t ion (Amia, Sudis, e. g . ) have soluble a n d flexible 
scales. A s w e descend to the o lder t e r t i a r y beds the n u m b e r o f 
L e p i d o g a n o i d s increases, t h e i r geograph ica l re la t ions expand , a n d 
t h e i r sphere o f l i f e embraces the sal t wa te rs o f the ocean. A t 
t h e present day the p lacoganoid and p l aco id , or p lag ios tomous , 

1 "V. p. 14. 2 xxv i i . p. 337. 3 cxcvi. p. 288. 
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fishes, f o r m a smal l m i n o r i t y o f the class. I n the cha lk f o r m a 
t ions the n u m b e r o f the species o f Placoids and Ganoids r ap id ly 
increases, and soon prepondera tes ; i n a l l the o lder fossi l i ferous 
s t ra ta t h e y exc lu s ive ly represent the class o f Fishes. T h e pre
dominance o f osseous m a t t e r deposited i n the t e g u m e n t a r y system 
i n these ancient e x t i n c t F ishes is n o t u n f r e q u e n t l y accompanied 
b y ind ica t ions o f a semi-car t i laginous state o f the endoskeleton, 
l i k e t h a t i n the L e p i d o s i r e n o f the present d a y ; the t o t a l absence 
o f any trace o f v e r t e b r a l centres, and the vacant t r ac t , where they 
should have been, be tween the bases o f the neur - and haem
apophyses w h i c h have been l i t t l e d i s t u rbed , as i n fig. 127, show 
p l a i n l y enough t ha t the p r i m i t i v e ge la t inous no tochord has been 
pers is tent . 1 I n n o t one o f the e x t i n c t F ishes o f the Devon ian 
and S i l u r i a n systems has a v e r t e b r a l c e n t r u m been discovered; 
b u t the enamel led de rma l osseous scales and plates are r i c h l y 
developed, and most r emarkab le f o r t h e i r b e a u t i f u l and var ied 
e x t e r n a l s c u l p t u r i n g , and o f t e n f o r t h e i r g rea t size. 

I n the mesozoic s trata g a n o i d species e x h i b i t a progressive 
expanse and d o w n w a r d g r o w t h o f the neurapophyses, conver t ing 
the no tochorda l capsule i n t o d i s t i n c t b o n y segments ; the t e rmina l 
cups o f bone are subsequent ly added, and the c e n t r u m is completed. 

A t the present day the L e p i d o s i r e n repeats the notochordal con
d i t i o n o f the endoskeleton, b u t w i t h o u t the compensat ing ganoid or 
p laco id developements o f the s k i n ; and the Sheat-fishes (Siluridce) 
combine the la rge t u b e r c u l a t e d osseous d e r m a l plates w i t h a w e l l 
ossified i n t e r n a l skele ton. T h e e x i s t i n g s turgeons alone manifest 
contras ted condi t ions o f the endo- and exo-skeletons, l i k e those i n 
the ancient p lacoganoids ; b u t w h a t is n o w a rare and exceptional 
instance o f analogy to the testaceous and crustaceous I n v e r t e 
brates was the r u l e i n the first-born fishes o f ou r globe. 
Those fishes, w h i c h f r o m the d e t e r m i n a t i o n o f the oss i fying 
energies to the endoskeleton have been t e r m e d Teleostei, consti
t u t e the b u l k o f the t e r t i a r y and e x i s t i n g species o f th i s class. 
B u t gradat ions o f endoskeletal oss i f ica t ion are s t i l l indicated. 
A grea t p r o p o r t i o n o f the p r i m i t i v e car t i lage is r e t a ined i n the 
s k u l l o f m a n y o f the Te leos te i , the Sa lmon and P i k e , f o r example; 
and the greater p r o p o r t i o n o f the a n i m a l to the ea r thy ma t t e r i n 
a l l the bones, t h e i r coarse t e x t u r e , t he r a d i a t i n g fibres o f the flat 
c ran ia l bones, and the genera l absence o f den ta ted sutures, are 
characters i n a l l Osseous Fishes , w h i c h r e m i n d the A n t h r o p o t o m i s t 
o f t r ans i t i ona l ones i n the h u m a n foetus; b u t the l i g h t o f teleo-

1 See also the beautiful illustration of this fact in the Microdus radiatus, No. 626, 
of the Hunterian Series of Fossil Fishes in the Museum of the London College of 
Surgeons; exem. p. 155. 
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l o g y demonstrates the p e r f e c t i o n o f such condi t ions , i n r e l a t i o n t o 
the atmosphere and movements o f the F i s h . I t is gene ra l ly i n 
f r e sh -wa te r abdomina l Fishes t h a t the semi-osseous c o n d i t i o n o f 
the s k u l l is f o u n d , and the d i m i n u t i o n o f the q u a n t i t y o f heavy 
ea r thy par t ic les m a y be connected w i t h the less dense q u a l i t y o f 
t h e i r m e d i u m , as compared w i t h sea-water, and w i t h the u s u a l l y 
more poster ior pos i t i on o f the v e n t r a l fins. 

I n the f o r m o f a fish, the head is d i sp ropor t iona te ly l a rge , as i t 
is i n the m a m m a l i a n embryo . B u t the head o f a fish m u s t needs be 
l a rge to mee t and overcome the resistance o f the fluid, i n the 
mode most f avourab le f o r r a p i d p rogress ion : i t m u s t the re fo re 
g r o w w i t h the g r o w t h o f the fish. H e n c e the la rge c r an i a l bones 
a lways show the r a d i a t i n g osseous spiculae i n t h e i r clear c i r c u m 
ference, w h i c h is the ac t ive seat o f g r o w t h ; hence the n u m b e r o f 
ove r l app ing squamous sutures, w h i c h least oppose the progressive 
extens ion o f the bones. T h e c ran ia l c a v i t y expands w i t h the 
expansion o f the h e a d : the absorbents remove f r o m w i t h i n as the 
arteries b u i l d u p f r o m w i t h o u t ; b u t the b r a i n undergoes no cor
responding increase; i t l ies at the b o t t o m o f i t s capacious chamber , 
w h i c h is p r i n c i p a l l y occupied b y a loose ce l lu la r t issue, s i tua ted , 
l i k e the arachnoid , be tween the p ia ma te r and the d u r a mate r , and 
h a v i n g i t s cells filled w i t h an o i l y fluid, or sometimes, as i n the 
S t u r g e o n , b y a compact f a t . 1 N o w , th i s c o n d i t i o n o f the en
velopes o f the b r a i n is n o t o n l y , l i k e the fibrous tissue a n d 
squamous sutures o f the e v e r - g r o w i n g c ran ia l bones, r e l a t ed to 
the requ i s i t e p ropor t ions o f the f o r e - p a r t o f the fish f o r f a c i l i t a 
t i n g i t s progressive m o t i o n , b u t i t is one w h i c h no e m b r y o o f a 
h i g h e r a n i m a l ever presents : i t is as p e c u l i a r l y piscine, as i t is 
express ly adapted to the exigencies o f the fish. 

I t has been h e l d t h a t confluence o f d i s t i n c t bones is a consequence 
o f h i g h c i r c u l a t i n g and r e sp i r a to ry energ ies ; y e t t h e anchyloses 
o f the superocc ip i ta l , pa r i e t a l , and f r o n t a l above the c r a n i u m , a n d 
o f the bas i -occip i ta l , basi-sphenoid, and pre-sphenoid b e l o w t h e 
c r a n i u m , i n Lepidosiren, and t h e constant conf luence o f the bas i -
and pre-sphenoids i n a l l b o n y fishes, d isprove the constancy o f t h e 
supposed re l a t ionsh ip , and lead us t o l o o k f o r o ther explana t ions 
o f such coalescence o f p r i m i t i v e l y or essent ia l ly d i s t i n c t bones. 
W e shal l find a final cause f o r the r a p i d consol ida t ion a n d u n i o n 
o f the e longated bodies o f the t w o m i d d l e c r an i a l vertebrae o f 
F i shes i n the necessity f o r s t r e n g t h i n the basis o f t h a t p a r t o f 
t h e s k u l l , f r o m the sides o f w h i c h the la rge a n d heavy m a n d i b u l a r 
and h y o i d arches and t h e i r appendages are to be suspended, a n d 

1 x x m . t. i . p. 309. 
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t o s w i n g f r e e l y t o and f r o . T h e poster ior and an te r io r sphenoids 
cont inue d i s t i nc t bones i n a l l M a m m a l s d u r i n g a pe r iod o f l i f e at 
w h i c h t h e y f o r m one cont inuous bone i n Fishes. 

T h e loose connections o f most o f the bones o f the face may 
l i kewi se r e m i n d the homolog i s t o f t h e i r c o n d i t i o n i n the i m 
p e r f e c t l y developed s k u l l o f the embryos o f h ighe r an ima l s ; b u t 
th i s c o n d i t i o n is especial ly subservient t o the pecul ia r and ex
tensive movements o f the j a w s , and o f the bones connected w i t h 
the h y o i d and b r a n c h i a l apparatus. 

N o t any o f the l i m b s , p r o p e r l y so ca l led , o f Fishes , are pre
hensile ; the m o u t h m a y be p r o p e l l e d and g u i d e d b y t h e m to the 
f o o d , b u t the act o f se iz ing mus t be p e r f o r m e d b y the jaws . 
H e n c e i n m a n y fishes b o t h uppe r and l o w e r m a x i l l a r y bones enjoy 
movements o f p r o t r a c t i o n and r e t r a c t i o n , as w e l l as o f opening 
and s h u t t i n g . T h e firm connections o f the uppe r j a w , and wedged 
fixitv o f the bone suspending the unde r j a w , w h i c h characterise 
the h ighe r Rep t i l e s and M a m m a l s , w o u l d be imper fec t ions i n the 
F i s h ; i n w h i c h , the re fo re , such characters are n o t o n l y absent, 
b u t special developement i n t h e opposite d i r e c t i o n n o t u n f r e -
q u e n t l y goes so f a r as t o produce t h e mos t admirab le mechanical 
ad jus tments o f the m a x i l l a r y apparatus, compensa t ing f o r the 
absence o f hands and arms, l i k e those w h i c h have been exempl i f ied 
i n the instance o f the Epibulus insidiator.1 W e m u s t g u a r d our
selves, however , f r o m i n f e r r i n g absolute s u p e r i o r i t y o f s t ructure 
f r o m apparent c o m p l e x i t y . T h e l o w e r j a w o f fishes m i g h t at first 
v i e w seem more complex t h a n t h a t o f m a n , because i t consists o f 
a greater n u m b e r o f pieces, each ramus b e i n g composed o f t w o or 
th ree , and sometimes more separate bones. B u t , b y p a r i t y o f 
reasoning, the den ta l sys tem o f t h a t j a w m i g h t be regarded as 
more complex , because i t supports o f t e n th ree t imes , or t e n t imes, 
perhaps fifty t imes , the n u m b e r o f t e e t h w h i c h are f o u n d i n the 
h u m a n j a w . W e here perce ive , howeve r , o n l y an i l l u s t r a t i o n o f 
the l a w o f vege ta t ive r e p e t i t i o n as the character o f i n f e r i o r organ
isms ; and w e m a y v i e w i n the same l i g h t t h e m u l t i p l i c a t i o n o f 
pieces o f w h i c h the s u p p o r t i n g pedic le o f the j a w is composed i n 
Fishes. B u t the great size a n d the double g l e n o i d o r t rochlear 
a r t i c u l a t i o n o f tha t pedicle , are developements b e y o n d , and i n 
advance o f the c o n d i t i o n o f the bones s u p p o r t i n g the l o w e r j a w 
i n M a m m a l s , and re la te b o t h t o the increase o f the capaci ty o f the 
m o u t h i n Fishes f o r the l o d g m e n t o f the g rea t h y o i d and b ranch ia l 
apparatus, and to the suppor t o f the opercula or doors w h i c h open 
and close the b r a n c h i a l chambers. T h e d i v i s i o n o f the l o n g 

1 p. 119, fig. 87. 
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t y m p a n i c pedicle o f Osseous Fishes i n t o several p a r t l y o v e r l a p p i n g 
pieces adds to i t s s t r e n g t h , and b y p e r m i t t i n g a s l i gh t elastic 
b e n d i n g o f the w h o l e d iminishes the l i a b i l i t y t o f r a c t u r e . T h e 
enormous size, moreover , o f the t y m p a n o - m a n d i b u l a r a rch , and o f 
i t s d i v e r g i n g appendages, con t r ibu tes to ensure t h a t p r o p o r t i o n o f 
the head to the t r u n k w h i c h is best adapted f o r the progressive 
m o t i o n o f the fish t h r o u g h the wate r . B u t w i t h o u t the admission 
and apprec ia t ion o f these pre-orda ined adaptations to special e x i 
gencies i n the skele ton o f Fishes , t he super ior s t r e n g t h and 
complex developement o f the t y m p a n i c pedicle and i t s appendages 
w o u l d be inexp l i cab le and u n i n t e l l i g i b l e i n th i s lowes t and first 
c rea ted class o f V e r t e b r a t e animals. 

A l l w r i t e r s on A n i m a l Mechan ics have shown h o w a d m i r a b l y 
the w h o l e f o r m o f the fish is adapted to the e lement i n w h i c h i t 
l ives and m o v e s : the viscera are packed i n a smal l compass, i n a 
c a v i t y b r o u g h t f o r w a r d s close t o the h e a d ; and w h i l s t the conse
quen t ab roga t ion o f the neck gives the advantage o f a more fixed 
and res i s t ing connec t ion o f the head to the t r u n k , a greater p r o 
p o r t i o n o f the t r u n k b e h i n d is l e f t f r ee f o r the developement a n d 
a l loca t ion o f the muscu la r masses w h i c h are to move the t a i l . I n 
the caudal , w h i c h is u s u a l l y the longes t , p o r t i o n o f the t r u n k , 
t ransverse processes cease to be developed, w h i l s t d e r m a l a n d 
i n t e r c a l a r y spines shoot o u t f r o m the m i d d l e l i n e above and b e l o w , 
and g i v e the v e r t i c a l l y ex tended , compressed f o r m , most e f f i c i en t 
f o r t he l a t e r a l s trokes, b y the r a p i d a l t e r n a t i o n o f w h i c h the fish 
is p r o p e l l e d f o r w a r d s i n the d iagona l , be tween the d i r e c t i o n o f 
those forces. T h e advantage o f the bi-concave f o r m o f v e r t e b r a 
w i t h i n t e r v e n i n g elastic capsules o f ge la t inous fluid,, i n e f f e c t i n g a 
combina t ion o f the r e s i l i en t w i t h the muscu la r power , is s t i l l more 
obvious i n the B o n y Fishes t h a n i n the Shark . 

T h e n o r m a l character o f I c h t h y i c m y o l o g y shows i t s e l f i n the 
vast p r o p o r t i o n o f the vege ta t ive ly - repea ted myocommas , cor re 
sponding w i t h the v e r t e b r a l segments, as compared w i t h t h e 
superadded sys tem o f muscles subserv ien t t o the ac t ion o f t h e i r 
d i v e r g i n g appendages: b u t th i s c o n d i t i o n , w h i c h , i na smuch as i t 
deviates so l i t t l e f r o m the f u n d a m e n t a l t y p e , t h r o w s so m u c h l i g h t 
u p o n the essential n a t u r e and homologies o f the muscles o f the 
V e r t e b r a t a , is n o t less a d m i r a b l y and express ly adapted to t h e 
hab i t s and m e d i u m o f existence o f the F i s h . T h e i n t e r l o c k e d 
myocommas o f the t r u n k cons t i tu t e , p h y s i o l o g i c a l l y , t w o g r ea t 
l a t e r a l muscu l a r masses, adapted b y t h e i r a t t achments , a n d 
especia l ly b y those o f the an te r io r and pos te r io r ends, t o b e n d 
v i g o r o u s l y f r o m side to side, w i t h the w h o l e fo rce o f t h e i r a l t e r -
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n a t i n g antagonist ic cont rac t ions , the caudal m o i e t y o f the t r u n k , 
p r o d u c i n g t ha t double lash o f the t a i l b y w h i c h the fish darts 
f o r w a r d s w i t h such v e l o c i t y . W h e n the l a t e ra l muscles are more 
v i o l e n t l y cont rac ted , so as to b e n d the w h o l e t r u n k , the recoi l 
m a y even raise and p r o p e l the fish some distance f r o m i t s nat ive 
e l e m e n t : thus the sa lmon overleaps the r o a r i n g cataract w h i c h 
opposes i t s m i g r a t i o n to the shal low sources w h i t h e r an i rresis t ible 
i n s t i n c t impels i t t o the business o f s p a w n i n g ; and thus the 
flying-fish, i n the e x t r e m i t y o f danger , baffles i t s pursuer b y 
s p r i n g i n g a l o f t , and pro longs i t s o b l i q u e course t h r o u g h the air 
b y the a id o f i t s outspread pectorals . W h e n the anter ior por
t ions o f the great l a t e r a l masses act f r o m the t r u n k as a fixed 
p o i n t u p o n the head, t h e y move i t r a p i d l y and f o r c i b l y f r o m side 
to side : i n th i s w a y the S i l u r i deal severe b l o w s w i t h the i r out
s t re tched serrated pec tora l sp ines ; thus the P e r c o i d and Cot to id 
Fishes s t r i ke w i t h t h e i r opercular sp ines ; and so l ikewise may 
the Saw-f i sh (Pristis) and S w o r d - f i s h (Xiphias) w i e l d the i r f o r 
midab le weapons, a l t h o u g h t h e i r deadly c u t or t h r u s t is commonly 
de l ive red w i t h the w h o l e impe tus o f the o n w a r d course, the head 
be ing r i g i d l y fixed u p o n the t r u n k . 

T h e supracarinales, c o m b i n i n g w i t h the dorsal por t ions o f the 
myocommata , g ive tens ion t o the r e g i o n o f the back, s l ight ly 
raise the t a i l , and depress the dorsal fins. T h e infracarinales, i n 
combina t ion w i t h the re t rac tores p u b i s , t e n d to compress the 
abdomen, t o cons t r i c t t he anus, and to depress the t a i l . 

T h e muscles o f the pec tora l fins, t h o u g h , compared w i t h those 
o f the homologous members i n h ighe r Ver t eb ra t e s , t h e y are very 
smal l , f e w , and s imple , y e t suff ice f o r a l l t he requ i s i t e movements 
o f the fins; e l eva t ing , depressing, advanc ing , and again lay ing 
t h e m prone and f l a t , b y an o b l i q u e s t roke , u p o n the sides o f the 
body . T h e rays or d ig i t s o f b o t h pectorals and vent ra ls , as w e l l 
as those o f the med ian fins, can be d i v a r i c a t e d and approximated, 
the i n t e r v e n i n g webs spread o u t or f o l d e d u p , and the extent of 
surface r e q u i r e d to react u p o n the a m b i e n t m e d i u m i n each change 
and degree o f m o t i o n , can be d u l y r e g u l a t e d a t pleasure. 

I n the o r d i n a r y f o r w a r d m o v e m e n t the t a i l first bends f r o m the 
ve r t eb r a l axis , w h i c h is the axis o f m o t i o n , fig. 159, f , d, to a. 
D u r i n g th i s ac t ion the cent re o f g r a v i t y , c, s l i g h t l y recedes. 
F r o m a the t a i l is n e x t f o r c i b l y b e n t b y the muscles on the 
opposite side, i n the d i r e c t i o n o f the l i n e a i. T h e force o f the 
ac t ion u p o n the wa t e r i n a i is t rans la ted to the b o d y i n i a, 
causing the centre o f g r a v i t y , c, to move o b l i q u e l y f o r w a r d , i n 
the d i r ec t i on o f c h, pa ra l l e l t o i a. T h e t a i l , c o n t i n u i n g i ts 
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flexion i n e o, acts b a c k w a r d , i n the d i r e c t i o n o f o e ; h a v i n g 
reached the p o i n t o, i t is again f o r c i b l y ben t i n the l i n e o e, 
causing an impu l se on the cent re o f g r a v i t y i n c b, pa ra l l e l to oe; 
i f the t w o forces c h and c b acted s i m u l 
taneous ly , w e shou ld ob t a in the r e su l t an t 
c f ; b u t , as t h e y do no t , the p o i n t c w i l l 
n o t move exac t l y i n the l i n e c f b u t i n a 
c u r v e d l i n e , even ly be tween cl c f and a l i n e 
d r a w n pa ra l l e l t o i t t h r o u g h h. T h e fish 
b e i n g i n m o t i o n , the t a i l describes the arc 
o f an e l l i p se ; whereas, i f i t we re s t a t i on 
a r y , i t w o u l d describe the arc o f a c i rc le . 
T h e p o w e r o f v a r y i n g the pos i t ion and ex 
panse o f the t a i l - f i n d u r i n g the side-strokes 
complicates the p r o b l e m ; i t s p lane m a y be 
pe rpend icu la r t o the stroke's d i r e c t i o n , and 
i t s expansion greatest a t the b e g i n n i n g o f 
the s t roke , as i n a i; and i t m a y be ob l ique 
to the d i r e c t i o n o f the rest o f the s t roke , 
as i n e o, w i t h con t rac t ion o f the surface. I t Diagram of locomotive act, 
mus t , f u r t h e r , be considered t h a t the w a t e r 
h a v i n g been set i n m o t i o n b y flexion i n one d i r e c t i o n , produces, 
w h e n m e e t i n g the t a i l m o v i n g i n t h e opposite d i r e c t i o n , a resis
tance p r o p o r t i o n a l t o the sum o f the squares o f the t w o veloci t ies . 

T h e shape o f the caudal fin varies m u c h i n fishes, accord ing 
t o the k i n d and degree o f m o t i o n r e q u i r e d : i n the impr i soned 
e m b r y o , o r n e w l y - h a t c h e d f r y , i n the l o n g and slender u n d u l a t i n g 
eel, i n the s lugg i sh L e p i d o s i r e n , the vertebrae con t inue to the end 
o f the b o d y i n a s t r a i g h t l i n e , d i s t i n c t , and decreasing to a p o i n t ; 
and the t a i l is bo rde red above and b e l o w b y a v e r t i c a l f o l d o f 
s k i n ; t e r m i n a t i n g e i ther i n a p o i n t , as i n fig. 100, or ob tuse ly . 
Such f o l d o r fin is s y m m e t r i c a l , b u t n o t ' homoce rca l . ' 1 T h e 
v e r t i c a l fo lds d e e p e n ; a t first, i n some P lag ios tomes , e. g . , 
equab ly , f o r m i n g a t e r m i n a l lobe ; t h e n excess ive ly , i n the l o w e r 
or haemal f o l d , w i t h t h e deve lopement t h e r e i n o f r ays , a n d w i t h an 
u p w a r d or n e u r a l i n c l i n a t i o n o f the s u p p o r t i n g vertebrae. Sho r t e r 
r ays are developed i n the sha l lower n e u r a l f o l d , w h i c h t e rmina tes 
a t t h e p o i n t e d end o f t h e v e r t e b r a l series. T h e an t e r io r rays o f 
t h e haemal f o l d , w h i c h are the longes t , f o r m a second p o i n t . T h e 
t a i l - f i n is t h u s b i f u r c a t e , b u t u n s y m m e t r i c a l ; and th i s stage o f 

1 By this latter term M. Agassiz signifies a subsequent grade of modification and 
developement, and a grave fallacy lurks in its misapplication to the common embryonal 
condition of the tail-fin in Fishes, as by the Author of cxcvm. 
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developement is t e r m e d the c h e t e roce rca l ' one. I t is shown b y 
the S tu rgeon , fig. 29 , and b y the Chimaeras and Sharks o f the 
present day. I t was the fash ion o f t a i l ( f i g . 127 ) w h i c h prevai led 
i n Fishes t h r o u g h o u t the palaeozoic and triassic periods. 

I n some oo l i t i c fishes first is observed such a l eng then ing o f 
the dermoneurals o f the t a i l , w i t h such a shor ten ing and r u n n i n g 
toge ther o f the t e r m i n a l vertebrae, and such a p r o p o r t i o n o f the 
dermohaemals, as leads t o an equa l - lobed caudal fin, w h i c h has 
been t e r m e d ' h o m o c e r c a l ; ' b u t as i t is o n l y symmet r i ca l i n 
contour , and remains more or less u n s y m m e t r i c a l i n i t s f rame
w o r k , I t e r m i t ' homocercoid . ' T h e gano id fishes o f the mesozoic 
periods man i fes t several i n t e r e s t i n g gradat ions o f th i s t ransi t ional 
state f r o m the he tero- t o the t r u e homo-cerca l f o r m , each step 
b e i n g a pe rmanen t character o f the e x t i n c t species presenting i t . 
T h e embryos and y o u n g o f Salmonidce, o f most Malacopteri, and 
o f m a n y Acanthopteri, go t h r o u g h closely analogous stages to 
those w h i c h were pe rmanen t i n e x t i n c t fishes; and the slight 
u p w a r d t w i s t o f the coalesced t e r m i n a l caudals, and the inequal i ty 
o f i t s uppe r and l o w e r lobes, ind ica te the f ac t i n the symmetr ica l ly-
shaped ' homocercoid ' t a i l - f i n o f the adu l t s . 1 I n the Anacanthini, 
fig. 3-4, and Scomberoids, fig. 33 , the t e r m i n a l tail-vertebrae shrink 
a n d coalesce i n the l i ne o f the t r u n k ' s a x i s ; t he dermoneura l and 
dermohaemal rays are e q u a l l y developed, and a t r u l y symmetr ical 
o r ' h o m o c e r c a l ' caudal fin is the r e s u l t ; and th i s is the latest 
and greatest m o d i f i c a t i o n o f the organ . T h e m a j o r i t y o f exist ing 
species o f b o n y fishes ind ica te , i n the course o f t h e i r acquis i t ion of 
t h e s y m m e t r i c a l t a i l - f i n , t he heterocercal stages at w h i c h i t is seve
r a l l y arrested i n d i f f e r e n t o lder e x t i n c t species, doubtless i n close 
r e l a t i o n w i t h the p o w e r and k i n d o f s w i m m i n g r e q u i r e d b y each. 

T h e heterocercal t a i l helps the fish to v a r y i t s o n w a r d course. 
T h e Sha rk wheels abou t i n p u r s u i t o f p r e y , and rotates the t r u n k , 
t o b r i n g the i n f e r i o r l y - o p e n i n g m o u t h to bear u p o n the v i c t im . 
T h e S t u r g e o n main ta ins i t s b o d y i n the o b l i q u e pos i t ion whi le 
u p t u r n i n g the m u d d y b o t t o m o f the s t r o n g l y - r u n n i n g stream, and 
avoids, b y d e f t l y b e n d i n g to r i g h t or l e f t , the d r i f t bodies tha t are 
h u r r i e d d o w n the r i v e r . T h e homocerca l t a i l is a more effective 
f o r m f o r a s t r a igh t f o r w a r d ru sh . W h e n i t is t r u n c a t e and t r i 
angular , the apex b e i n g the centre o f m o t i o n , the centre o f force 
is th ree - four ths the distance o f i t s base f r o m the axis o f osci l lat ion, 
and the muscles o f the t a i l act a t a co r re spond ing disadvantage. 
W h e n the t a i l is f o r k e d , as i n fig. 33 , the area is i n the inverse 

1 See the persistent " trace of the embryonal heterocercal form of the t a i l " in the 
Sea-perch (Centropristis gigas, Owen), No. 191, p. 51, XLIV. 
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r a t i o o f the distance f r o m the centre o f g r a v i t y , and the centre o f 
fo rce is one-ha l f the distance f r o m the centre o f m o t i o n ; conse
q u e n t l y the fishes so endowed have the greatest v e l o c i t y . I t is 
such i n the S w o r d - f i s h as to enable i t t o d r i v e i t s ros t r a l weapon 
t h r o u g h a ship's t i m b e r s w i t h the force o f a cannon b a l l — f o r 
example , t h r o u g h f o u r t e e n inches o f oak, a f t e r p e n e t r a t i n g the 
copper sheathing, f o u r inches o f deal , and a layer o f f e l t . 1 

A s most fishes r equ i r e to sustain themselves above the bed or 
b o t t o m o f t h e i r r i ve r s , lakes, or seas, and as t h e i r specific g r a v i t y 
is greater t h a n t h a t o f wate r , t h e y are c o m m o n l y p r o v i d e d w i t h 
an a i r -b ladder , s i tua ted i m m e d i a t e l y under the spine, and above 
the centre o f g r a v i t y , and u s u a l l y accompanied w i t h powers o f 
r e n e w i n g , e x p e l l i n g , compressing, and d i l a t i n g i t s gaseous contents . 
T h i s hydros ta t i c apparatus thus becomes an i m p o r t a n t a u x i l i a r y 
o rgan o f locomot ion . 

T h e D iodons a n d Te t rodons fill an immense expansion o f t h e 
oesophagus b y s w a l l o w i n g a i r ; and as th i s lies be low the centre o f 
g r a v i t y , the b o d y , so i n f l a t e d , ro l l s over , and t h e y are d r i f t e d , 
passively, back d o w n w a r d , b y the w i n d s and cur ren t s . 

T h e a i r -bladder is absent i n Dermopteri, Plagiostomi, Pleuro-
nectidce; and such fishes, unless endowed w i t h compensa t ing 
powers and p ropor t ions o f b o d y and fins, as i n the Sharks , 
h a b i t u a l l y g r o v e l at the b o t t o m , and e x h i b i t flattened f o r m s o f 
body , as i n the R a y s and F lounde r s . 

W i t h the excep t ion o f the above-described modi f i ca t ions o f a 
f e w t e r m i n a l vertebrae, those o f the t r u n k r e m a i n t h r o u g h o u t l i f e 
d i s t i nc t f r o m one another i n Fishes , as t h e y o r i g i n a l l y are i n the 
embryos o f a l l h ighe r Ver t eb ra t e s . T h e conf luence o f vertebrae 
a t the base o f the t a i l w o u l d have been a h indrance to the 
r e q u i r e d movements o f such p a r t o f the spine i n creatures w h i c h 
progress b y a l ternate v igorous in f lec t ions o f a muscu l a r t a i l . A 
sacrum is a consol ida t ion o f a grea ter or less p r o p o r t i o n o f the 
v e r t e b r a l axis f o r t h e t ransference o f m o r e or less o f the w e i g h t 
o f the b o d y u p o n l i m b s organised f o r i t s s u p p o r t on d r y l a n d ; 
such a m o d i f i c a t i o n w o u l d have been useless to the fish, and n o t 
o n l y useless, b u t a defect . 

T h e pec to ra l fins—those c u r t a i l e d p ro to types o f the f o r e - l i m b s 
o f o ther V e r t e b r a t a , w i t h the las t segment , or hand , alone p r o 
j e c t i n g f r e e l y f r o m the t r u n k , and swathed i n a c o m m o n u n d i v i d e d 
t e g u m e n t a r y shea th—presen t a c o n d i t i o n analogous to t h a t o f 
t h e e m b r y o buds o f the homologous members i n t h e h i g h e r V e r -

1 See the specimen in the Museum of the Royal College of Surgeons, London, 
described in cxcv. p. 5. 
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tebra ta . B u t w h a t w o u l d have been the ef fec t i f b o t h a r m and 
f o r e - a r m had also ex tended f r e e l y f r o m the side o f the fish, and 
dangled as a l o n g flexible m a n y - j o i n t e d appendage i n the w a t e r ! 
T h i s h igher developement , as i t is t e r m e d , i n r e l a t i on to the pre
hensile l i m b o f the denizen o f d r y l a n d , w o u l d have been an i m 
pe r f ec t i on i n the s t r uc tu r e o f the crea ture w h i c h is t o cleave the 
l i q u i d e l e m e n t : " i n i t , t he re fo re , the f o r e l i m b is reduced to the 
smallest p ropor t ions consistent w i t h i t s r e q u i r e d f u n c t i o n s : the 
b rach ia l and an t ib rach ia l segments are abrogated, or h idden i n the 
t r u n k : the h a n d alone pro jec ts and can be app l i ed , w h e n the fish 
darts f o r w a r d , p rone and flat, b y flexion o f the w r i s t , to the side 
o f the t r u n k ; or i t m a y be ex tended at r i g h t angles, w i t h i ts flat 
surfaces t u r n e d f o r w a r d and b a c k w a r d , so as t o check and arrest 
more or less sudden ly , accord ing t o i t s degree o f extension, the 
progress o f ' t h e fish; i t s b r e a d t h m a y also be d iminished or 
increased b y a p p r o x i m a t i n g or d i v a r i c a t i n g the rays. I n the act 
o f flexion, the fin s l i g h t l y rotates and gives an ob l ique stroke 
t o the wate r . I f one o f the pectorals be extended, i t w i l l t u r n 
the fish i n a c u r v e towards t h a t s i d e : i f t he other on ly , i t 
w i l l t u r n i t on the opposite s ide : t h e y thus act as a rudder . F o r 
these f u n c t i o n s , however , the h a n d requ i res as m u c h extra 
developement i n b read th , as r e d u c t i o n i n l e n g t h and th ickness ; 
and th i s is ga ined b y the a d d i t i o n o f t e n , t w e n t y , or i t may be 
even a h u n d r e d d i g i t a l rays , b e y o n d the n u m b e r to w h i c h the 
fingers are res t r i c t ed , i n the h a n d o f the h i g h e r classes o f V e r t e -
brata . W e find, moreover , as numerous a n d s t r i k i n g mod i f i 
cations o f the pec tora l fins, i n a d j u s t m e n t to the pecul iar habits 
o f the species i n Fishes , as w e do o f the f o r e l i m b s i n any o f the 
h ighe r classes. T h i s fin m a y w i e l d a f o r m i d a b l e and special 
weapon o f offence, as i n m a n y S i l u r o i d fishes. B u t the modif ied 
hands have a more constant secondary of f ice , t h a t o f touch , and 
are app l ied to ascertain the na tu re o f s u r r o u n d i n g objects, and 
p a r t i c u l a r l y the character o f the b o t t o m o f the w a t e r i n w h i c h the 
fish m a y l i v e . T h e t ac t i l e ac t ion o f the pec to ra l fins may be 
wi tnessed w h e n g o l d fish are t r a n s f e r r e d t o a s trange vessel ; they 
compress t h e i r a i r -b ladder , and a l l o w themselves t o s ink near the 
b o t t o m , w h i c h t h e y sweep as i t w e r e , b y r a p i d and delicate v ib ra 
t ions o f the pec tora l fins, a p p a r e n t l y ascer ta in ing t h a t no sharp 
stone or s t i ck projec ts u p w a r d s , w h i c h m i g h t i n j u r e t h e m i n the i r 
r a p i d movements r o u n d t h e i r p r i son . I f the pectorals are to 
p e r f o r m a special off ice o f e x p l o r a t i o n , c e r t a in d ig i t s are l ibera ted 
f r o m the w e b , and are specia l ly endowed w i t h ne rvous power f o r 
a finer sense o f t o u c h , as w e see i n t h e G u r n a r d s , fig. 8 2 ; i n 
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w h i c h t h e y also serve as l i m b s to creep a long the b o t t o m , w h e n 
the fish is e x p l o r i n g the sand w i t h i ts ma i l ed m o u t h . 

Some Gobio ids ( P e r i o p t h a l m u s ) can use t h e i r muscula r pecto
rals t o shuff le a long the shore, or h u n t f o r insects i n h u m i d places. 1 

C e r t a i n L o p h i o i d s l i v i n g on sand-banks t h a t are l e f t d r y at l o w 
wa te r are enabled to hop a f t e r the r e t r e a t i n g t i de b y a special 
p r o l o n g a t i o n o f the carpa l j o i n t o f the pec tora l fin, fig. 102 ; w h i c h 
fin i n these ' f r o g - f i s h e s ' projec ts l i k e the l i m b o f a t e r r e s t r i a l 
q u a d r u p e d , and presents t w o d i s t i nc t segments clear o f the t r u n k . 

T h e sharks, whose f o r m o f body and s t r e n g t h o f t a i l enable 
t h e m to s w i m near the surface o f the ocean, are f u r t h e r adapted 
f o r th i s sphere o f a c t i v i t y and compensated f o r the absence o f an 
a i r -b ladder b y the large . p r o p o r t i o n a l size and s t r e n g t h o f t h e i r 
pec tora l fins, figs. 30 , 104, w h i c h take a greater share i n t h e i r 
ac t ive and v a r i e d evolu t ions t h a n t h e y can do i n o r d i n a r y fishes. 

T h e flat-bodied R a y s , e q u a l l y devo id o f an a i r -b ladder , and 
w i t h a l o n g and slender t a i l , d e p r i v e d o f i t s o r d i n a r y p r o p e l l i n g 
powers , g r o v e l at the b o t t o m ; b u t have a s t i l l greater develope
m e n t o f the hands, fig. 64 , 12, 12, w h i c h surpass i n b r e a d t h t h e 
w h o l e t r u n k , and react w i t h greater force u p o n i t i n r a i s ing i t 
f r o m the b o t t o m , b y v i r t u e o f a special m o d i f i c a t i o n o f the scapular 
a r ch , w h i c h is d i r e c t l y at tached to the dorsal vertebrae. 

N o r is the pec tora l member r e s t r i c t ed i n l e n g t h w h e r e i t s 
o f f i ce , i n subserviency to the special exigencies o f the fish, 
demands a developement i n t h a t d i r e c t i o n ; the fingers o f the 
JExoccetus and Dactylopterus, are as l o n g , and the w e b w h i c h t h e y 
sus ta in as b road , as i n the expanded w i n g o f the flying m a m m a l . 
E v e r y w h e r e , wha teve r resemblance or analogy w e m a y perceive 
i n the i c h t h y i c modi f ica t ions o f the V e r t e b r a t e ske le ton to the 
l o w e r f o r m s or the embryos o f the h i g h e r classes, w e sha l l find 
such analogies to be the r e s u l t o f special adaptat ions f o r the p u r 
pose or f u n c t i o n f o r w h i c h t h a t p a r t o f the fish is designed. 

T h e v e n t r a l fins or homologues o f the h ind- legs are s t i l l more 
r u d i m e n t a l — s t i l l more e m b r y o n i c , h a v i n g i n v i e w the compar ison 
w i t h the stages o f deve lopement i n a l a n d an ima l -—than the pec
t o r a l fins; and t h e i r smal l p r o p o r t i o n a l size r eminds the nomolog i s t 
o f t he l a te r appearance o f the h i n d l i m b s , i n the deve lopement o f 
the l a n d V e r t e b r a t e . B u t the h i n d l i m b s more i m m e d i a t e l y re la te 
t o the s u p p o r t and progress ion o f an a n i m a l o n d r y l a n d t h a n the 
f o r e l i m b s : the legs are the sole t e r r e s t r i a l l ocomot ive organs i n 
B i r d s , whose f o r e l i m b s are e x c l u s i v e l y m o d i f i e d , as w i n g s , f o r 
m o t i o n i n another e lement . T h e legs are the sole o r g a n o f sup-

V O L . 1. 

1 CLXXIV. vol, i i i . p. 97. 
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p o r t and progress ion i n M a n , whose pec to ra l members or arms 
are l i be ra t ed f r o m t h a t of f ice , and made e n t i r e l y subservient to 
the v a r i e d purposes to w h i c h an i n v e n t i v e f a c u l t y and an i n t e l 
l i g e n t w i l l w o u l d a p p l y t h e m . T o w h a t purpose, t h e n , encumber 
a creature , a lways f l o a t i n g i n a m e d i u m o f nea r ly the same specific 
g r a v i t y as i t se l f , w i t h h i n d l i m b s ? T h e y c o u l d be o f no use : 
nay , t o creatures t h a t can o n l y a t t a i n t h e i r p r e y , or escape the i r 
enemy, b y v igorous a l ternate strokes o f the h i n d p a r t o f the 
t r u n k , the a t tachment there o f l o n g flexible f i m b s w o u l d be a 
gr ievous h indrance , a v e r y mons t ros i ty . So, therefore , we find 
the developement and connections o f the h i n d l i m b s o f Fishes, 
figs. 29 , 34 , 38 , 64 , v , r e s t r i c t ed t o the dimensions and f o r m 
w h i c h , w h i l s t su i ted to the l i m i t e d f u n c t i o n s t h e y are capable o f 
i n t h i s class, w o u l d p r e ve n t t h e i r i n t e r f e r i n g w i t h the act ion o f 
more i m p o r t a n t par ts o f the locomot ive m a c h i n e r y . 

T h e plane o f each v e n t r a l fin b e i n g h o r i z o n t a l , a t r i g h t angles 
t o t h a t o f the caudal fin, t h e i r ac t ion serves to balance the body, 
t o i nchne i t on e i ther side w h e n one fin o n l y acts, and to elevate 
or depress the fish b y t h e i r j o i n t e f fo r t . 

I n most fishes the v e n t r a l fins m e r e l y combine w i t h the pectoral 
fins i n r a i s ing the b o d y , and i n p r e v e n t i n g , as ou t r igger s , the r o l l -
ins; m o v e m e n t : b u t some interest ing; modi f i ca t ions i n re la t ion to 
p a r t i c u l a r habi ts o f ce r t a in species have p r e v i o u s l y been pointed 
o u t ( p . 180) . I n the l ong -bod i ed a n d small-headed abdominal 
fishes, the vent ra l s are s i tua ted near the anus, w h e r e t hey best 
subserve the off ice o f accessory ba lancers ; i n the large-headed 
thorac ic and j u g u l a r fishes, t he loose suspension o f these fins, and 
the absence o f any connec t ion w i t h a sacral p a r t o f the ver tebra l 
c o l u m n , pe rmi t s t h e i r t ransference f o r w a r d , t o a i d the pectoral 
fins i n r a i s ing the head. 

T h e planes o f the dorsal , figs. 24 , 39 , D , a n d anal , i b . A, fins 
are i n t h a t o f the mesia l l o n g i t u d i n a l sect ion, a n d t h e i r movements 
are u s u a l l y r e s t r i c t ed to e l eva t ion and depression. T h e y accord
i n g l y increase or d i m i n i s h the l a t e r a l surfaces o f the fish, cor
r e c t i n g any tendency t o oscil late l a t e r a l l y , or t o t u r n upside 
d o w n , as the body w o u l d do w i t h o u t some muscu la r e f fo r t , since 
i n the o r d i n a r y pos ture , back u p w a r d , the centre o f g r a v i t y lies 
above the centre o f figure. W h e n the fins collapse a n d the mus
cu la r ac t ion ceases, as i n death , the fish floats b e l l y u p w a r d . 
H o w e v e r , i n some s ingu la r except ions , e. g . t he Sun- f i sh , t he dorsal 
and anal fins are u n u s u a l l y ex tended , a n d t ake a more d i r e c t share, 
b y l a t e r a l u n d u l a t i n g movements , i n the l ocomot ion o f the fish. 

I n o r d i n a r y shaped Osseous F ishes , i f the dorsa l and anal fins be 
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c u t of f , t he fish reels to the r i g h t and l e f t . I f the pectorals be c u t 
off" i n a P e r c h or o ther big-headed fish, the head s inks ; i f one 
pec to ra l be c u t o f f , t he fish leans to t h a t s ide ; i f t he v e n t r a l o f 
the same side be also r emoved , the fish loses i t s e q u i l i b r i u m ; 
i f the t a i l be c u t o l f , the locomot ive power is abrogated. 

§ 49 . Locomotion of Serpents. -— T h e sole locomot ive organs i n 
serpents are the v e r t e b r a l c o l u m n , w i t h i t s muscles, and the la rge 
s t i f f erect i le ep idermal scutes crossing the under surface o f the body . 

A l t h o u g h the vertebrae have synov ia l cup-and-ba l l t e r m i n a l j o i n t s , 
t h e i r r ec ip roca l movements are g r e a t l y r e s t r i c t ed b y the ' t enon -
and-mor t ice ' a r t icu la t ions o f the double zygapophyses a t each end , 
o f w h i c h the i n f e r i o r have flat ho r i zon ta l surfaces, the super ior 
s l i g h t l y ob l ique planes. B u t as a s ingle segment o f the back 
bone m a y be b u t p a r t o f the l e n g t h o f the b o d y , the sum o f 
the smal l movements be tween t w o vertebrae becomes considerable 
i n a ce r t a in e x t e n t o f the l o n g t r u n k . 

A serpent m a y , however , be seen to progress w i t h o u t any 
in f lec t ions , g l i d i n g s l o w l y , w i t h a ghos t - l i ke movemen t , i n a 
s t r a igh t l i ne . I f the observer have the ne rve to l a y his h a n d flat 
i n the rept i le ' s course, he w i l l f e e l , as the b o d y gl ides over t h e 
p a l m , the surface pressed, as i t we re , b y the edges o f a close-set 
series o f paper -knives , successively f a l l i n g flat a f t e r such appl ica
t i o n . T h e s k i n o f the hand has been seized, so to speak, b y the 
edges o f the s t i f f , shor t , b u t b road , t ransverse, h o r n y , v e n t r a l 
scutes, erected or made v e r t i c a l f o r t h a t purpose, and f o l d i n g flat 
u p o n the b o d y w h e n the effect o f the resistance has been gained. 
E a c h scute h a v i n g secured a f u l c r u m i n the plane o f m o t i o n , the 
r ibs connected w i t h i t ro ta te , and t r a n s m i t the m o v e m e n t u p o n 
the t r u n k ; i t i s , i n f ac t , a step whose l e n g t h depends o n the arc 
t h r o u g h w h i c h the pa i r o f r ibs m a y oscil late and on the distances o f 
the scutes f r o m the axes o f m o t i o n . A s b o t h these are sma l l , a n d 
the m o t i o n has to be t r a n s m i t t e d b y the succession o f shor t scu ta l 
steps t h r o u g h the w h o l e l e n g t h o f t h e b o d y , t h i s first k i n d o f 
progression is s low and g l i d i n g . 

A second and s w i f t e r mode o f l ocomot ion o n l a n d is b y succes
s i v e l y b e n d i n g and s t r a i g h t e n i n g por t ions o f the body . E x t e n s i o n 
w i l l c a r ry the s t r a igh tened p a r t f o r w a r d i n the d i r e c t i o n o f least 
resistance. I f mos t resistance be made b y t h e p o i n t o f the 
t a i l , fig. 160, e, or b y the app l i c a t i on to the g r o u n d o f the edges 
o f t he erect scutes, be tween d and e, t he ex tens ion o f a c w i l l 
c a r r y the head to h, the smooth o v e r l a p p i n g une rec t ed scutes 
b e t w e e n a and d f a v o u r i n g the f o r w a r d m o v e m e n t ; and th i s b e i n g 
ef fec ted , and the g r o u n d grasped b y the e rec t ion o f the scutes 
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be tween a and c, flexion o f the rest o f the body w i l l d r a w f o r w a r d 
the t a i l , as f r o m b t o e. A s the e x t e n t o f the flexion of, say a 
f o u r t h p a r t o f the b o d y , exceeds the space t h r o u g h w h i c h a single 
scute is moved i n e rec t ion , so does th i s mode o f m o t i o n g rea t ly 
exceed i n swif tness the p reced ing . A n d th i s swif tness is accele
r a t ed w h e n the serpent raises the b o d y , i n arched curves , f r o m the 
g r o u n d , increas ing t h e i r span, a n d progress ing i n a v e r t i c a l l y , 
ins tead o f a h o r i z o n t a l l y , u n d u l a t i n g course ; w h e n , b y augmented 
v i g o u r o f the muscu la r actions, t he w h o l e t r u n k m a y be raised 
i n t o a single arc, and the m o v e m e n t acqui re the character o f a 
leap. T h u s the b o d y b e i n g ben t , w h i l s t the neck-scutes fix the 
head, as at b, t he t a i l w i l l advance f r o m a t o e, fig. 1 6 1 ; when , 
b e i n g fixed there b y the subcaudal scutes, extens ion w i l l car ry 
the head f o r w a r d t o d, and the serpent w i l l have advanced b y the 
t w o actions o f flexion and extens ion t h r o u g h a space equal to a e 
or b h. B u t , i f t he act o f ex tens ion be v igorous and sudden, 
and an equ iva len t f u l c r u m be a f forded b y the t a i l , the whole body 
m a y be car r ied f o r w a r d , as b y a leap, f a r t h e r t h a n i t s o w n l eng th . 
F o r the sa l ta tory m o t i o n , however , t h e mechanism o f a spiral 
s p r i n g is c o m m o n l y s i m u l a t e d ; the w h o l e b o d y is bent in to a 
series o f close-set coils , t he sudden ex tens ion o f w h i c h , react ing 
u p o n the p o i n t o f ea r th against w h i c h the t a i l presses, th rows the 
serpent o b l i q u e l y f o r w a r d i n t o the a i r . I n a l l these movements 
the cu rve is essential ly l a t e r a l ; t he a m o u n t o f r o t a t i o n between 
the smal ler vertebrae, a t the t w o extremes o f the body , permits 
the flexion o f the in t e rmed ia t e j o i n t s t o assume, as i n fig. 1 6 1 , the 
v e r t i c a l pos i t ion . T h e r e is no n a t u r a l u n d u l a t i o n o f the body 
u p w a r d and d o w n w a r d — i t can take place o n l y f r o m side to side. 
So closely and compac t ly do the t e n pairs o f j o i n t s be tween each 
o f the t w o h u n d r e d or three h u n d r e d vertebrae fit together , tha t 
even i n the r e l axed and dead state the b o d y cannot be tw i s t ed . 
I f the a t t e m p t a t r o t a t i o n be made at the end o f the t a i l on a 
dead snake ou ts t re tched , the p a r t grasped m a y be h a l f - t w i s t e d ; 
b u t the rest o f the t r u n k w i l l t u r n over , r i g i d , l i k e a s t ick . 

Serpents de r ive the same advantage f r o m t h e i r l ungs i n water 
as eels f r o m t h e i r swim-b ladder , t he air-receptacles i n b o t h being 
m u c h a l ike , and placed above the centre o f g r a v i t y . T h e y pro
gress b y a s imi la r series o f successive l a t e r a l undu l a t i ons , gene
r a t i n g a surp lus fo rce i n the m o v i n g b o d y equa l t o the difference 
be tween the force o f the locomot ive organs a n d the resistance 
o f the m e d i u m . I n water-snakes th i s resistance is made more 
ef fec t ive b y the l a t e r a l flattening or compression o f the t a i l , w h i c h 
can be d r a w n f o r w a r d edgewise, and flapped back bread thwise . 
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Serpents c l i m b trees b y the same mechanism and actions as i n 
t h e first k i n d o f l o c o m o t i o n ; the edges o f the erected scutes 
l a y i n g h o l d o f the b a r k i n succession, as the body ghdes s p i r a l l y u p 
the b o u g h . T h e t a i l has a prehensi le f a c u l t y , especial ly exercised 
b y the grea t Cons t r i c to r s w h i l e w a i t i n g f o r t h e i r p r ey . 
T h e y i n s t i n c t i v e l y select a t ree at the p a r t o f the 
s t ream easiest o f access to the t h i r s t y mammals o f 
t h e fo res t , and suspend themselves, l i k e a parasi t ic 
creeper, f r o m an ove rhang ing b ranch , the head and 
f o r e - p a r t o f the b o d y b e i n g floated b y the b ladder 
l i k e lungs u p o n the s tream. 

Serpents are too c o m m o n l y looked d o w n u p o n as 
animals degraded f r o m a h ighe r t y p e ; b u t t h e i r 
w h o l e organisa t ion , and especial ly t h e i r b o n y s t ruc 
t u r e , demonstra te t h a t t h e i r par ts are as e x q u i s i t e l y 
ad jus ted t o the f o r m o f t h e i r w h o l e , and to t h e i r 
habi ts and sphere o f l i f e , as is the organisa t ion o f 
any a n i m a l w h i c h w e c a l l super ior t o t h e m . I t 
is t r u e t h a t the serpent has no l i m b s , y e t i t can 
o u t c l i m b the m o n k e y , o u t s w i m the fish, ou t leap the 
j e r b o a , and, sudden ly loos ing the close coils o f i t s 
c r o u c h i n g sp i ra l , i t can s p r i n g i n t o the a i r and seize 
the b i r d u p o n the w i n g : a l l these creatures have 
been observed to f a l l i t s p rey . T h e serpent has 
ne i t he r hands nor ta lons , y e t i t can ou twre s t l e the 
a th le te , and c rush the t i g e r i n the embrace o f i t s 
ponderous o v e r l a p p i n g fo lds . I n s t e a d o f l i c k i n g u p 
i t s f o o d as i t g l ides a long , t h e serpent u p l i f t s i t s 
c rushed p r e y , and presents i t , grasped i n the dea th-
c o i l as i n a hand , t o i t s s l i m y g a p i n g m o u t h . 

I t is t r u l y w o n d e r f u l t o see the w o r k o f hands, f ee t , a n d 

e 

Motion of serpent 
by undulations of 

trunk, cciv. 

~b h 
Motion of serpent by arching the trunk 

fins, p e r f o r m e d b y a m o d i f i c a t i o n o f the v e r t e b r a l c o l u m n - b y 
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a m u l t i p l i c a t i o n o f i t s segments w i t h m o b i l i t y o f i ts r i b s B u t the 
vertebrae are special ly m o d i f i e d , t o compensate, b y the s t r eng th o f 
t h e i r numerous a r t i cu la t ions , f o r the weakness o f t h e i r m a n i f o l d 
r e p e t i t i o n , and the consequent e longa t ion o f the slender co lumn. 
A s serpents move c h i e f l y o n the surface o f the ear th , t h e i r danger 
is greatest f r o m pressure and b l o w s f r o m a b o v e ; a l l the j o i n t s are 
fashioned accord ing ly to resist y i e l d i n g , a n d sustain pressure i n a 
v e r t i c a l d i r ec t ion . 

§ -;0. Locomotion of limbed Reptiles. —The fish-like Batrachia 
move i n wa te r b y means o f the l a t e r a l in f lec t ions o f the hinder-
h a l f o f the t r u n k , w h i c h is compressed and ex tended ve r t i ca l ly 
b y a m a r g i n a l t e g u m e n t a r y fin. T h e p a r i a l l i m b s are small and 
f e e b l e : t h e y are l i m i t e d , i n the amphib ious S i r en , t o the pectoral 
r eg ion , and to the f u n c t i o n o f r a i s ing the head and fore -par t o f 
the t r u n k u p o n the b a n k or shore. I n the rest o f the order 
b o t h pairs are p r e s e n t : i n t h e A m p h i u m e t h e y are too feeble to 
suggest any p a r t i c u l a r locomot ive f u n c t i o n ; b u t t h e y subserve, 
w h e n somewhat more developed, a s low and a w k w a r d reptat ion, 
as i n the M e n o p o m e and X e w t . I n the Land-Sa lamander , fig. 
140, t h e y acquire the due s t r e n g t h f o r t e r r e s t r i a l progression, and 
the t a i l is shortened and rounded . I n the Toads and F rogs the 
t a i l is absorbed, and the legs l eng thened a n d s t rengthened, espe
c i a l l y the h inde r p a i r ; b u t w i t h an o u t w a r d d i r e c t i o n f r o m the 
body , and a pos i t ion too h o r i z o n t a l t o enable t h e m t o raise or 
suppor t i t above the g r o u n d . 

T h e F r o g , i n repose, assumes a s i t t i n g pos tu re , the thighs 
t u r n e d o u t w a r d and f o r w a r d , the legs b e n t b a c k w a r d , and the 
l eng thened ta r s i and fee t d i r ec t ed f o r w a r d . T h e fore -par t o f 
the t r u n k is p ropped u p b y the f o r e l i m b s , at an angle o f 45° , 
w i t h the base b e t w e e n the h i n d l i m b s , w h i c h , i n t h e i r state of 
flexion, are ready o n t h e least a l a r m t o p r o j e c t the body f o r w a r d 
b y t h e i r sudden extens ion . T h e shoulder - jo in ts o f the l imbs 
t ha t receive the shock o n a l i g h t i n g f r o m the leap are s t rength
ened b y an i n t e r a r t i c u l a r l i g a m e n t . T h e grea t B u l l - F r o g may 
clear s ix fee t at a leap, and repeat t h e m so r a p i d l y as t o escape a 
pursuer , unless chased at a great distance f r o m the wa te r . B o t h 
fo re and h i n d fee t are webbed f o r s w i m m i n g , w h i c h is chief ly 
effected b y strokes o f the stroiio- h i n d l i m b s . T h e la rge I n d i a n 
f r o g (Rana tigrina) is said to be able t o r u n a long t h e surface o f 
the wa t e r f o r a short distance. 

T h e T r e e - F r o g s (Hyla) have a concave disc a t the end o f 
each toe, f o r c l i m b i n g and adhe r ing t o the b a r k and leaves o f 
trees. 
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Toads, w i t h , semipalmate fee t , have an a w k w a r d , b u t no t a lways 
s low, progress ion o n l a n d b y a l ternate movements o f the l i m b s . 
Some species are enabled, b y pecul ia r tubercles or pro jec t ions 
f r o m the p a l m or sole, t o c lamber u p o l d wa l l s . 

B u t the most r emarkab le c l imbers i n the r e p t i l i a n class are 
ce r t a in l izards , especial ly those cal led ' Geckos. ' E a c h f o o t has 
five toes, w h i c h are spread w i d e apart , expanded at the ends, and 
t e r m i n a t e d b y a slender sharp c law. T h e flattened under surface 
o f t he toe-pad, fig. 162, is t raversed b y a series o f 
t ransverse fo lds , w i t h deep in terspaces ; the 
marg ins o f the fo lds , w h e n app l i ed to a smooth 
surface, adhere there to b y a tmospher ic pressure, 
t h r o u g h the v a c u u m caused b y muscu la r erec
t i o n o f the fo lds , w i t h concomi tan t expansion o f 
the interspaces; thus the an ima l , a l t e rna t e ly 
a p p l y i n g and releasing i t s suckers , c l imbs a 
v e r t i c a l w a l l or p la te o f glass, or proceeds a long 
a c e i l i n g w i t h i t s back d o w n w a r d . 

F o r c l i m b i n g trees the a d j u s t m e n t o f the toes 
i n oppos i t ion t o each other , i n equa l or sub-
equa l g roups , as a l ready descr ibed i n the C h a 
meleon , pp . 175, 193, figs. 119, 123, is an 
e f fec t ive m o d i f i c a t i o n . I n t h i s r e p t i l e the l i m b s 
are shor t and s t rong , and a prehensi le t a i l is T o e o f G e c k 0 > m a g n _ 
added to the scansorial feet . 

O r d i n a r y l izards , b y the grea t l e n g t h o f the t r u n k i n p r o p o r t i o n 
to i t s b read th , and b y the o u t w a r d extens ion o f the humerus a n d 
f e m u r , are unde r u n f a v o u r a b l e mechanica l condi t ions f o r r a p i d 
course u p o n l and . Y e t such is the ene rgy o f the muscu la r c o n 
t rac t ions i n some species, unde r the s t i m u l u s o f solar heat, t h a t 
t h e y are deservedly ca l led ' ag i le , ' a n d e d a r t ' o u t o f v i e w i n t h e 
first r u s h f r o m a pursuer . T h e y have no t , howeve r , t he p o w e r o f 
m a i n t a i n i n g the e x e r t i o n , and are soon ove r t aken , i f t h e y happen 
to be f a r f r o m t h e i r re t rea t . T h e s w i f t e s t r unne r s , e. g . t he Tacliy-
dromi, have the f o r e a n d h i n d l i m b s least d i f f e r i n g i n l e n g t h , and 
consequent ly the v e r t e b r a l c o l u m n most pa ra l l e l w i t h the p lane o f 
m o t i o n . 

I n the Crocodi les the f o r e l i m b s are shor ter t h a n the h i n d ones, 
i n w h i c h the f o o t is longer and more expanded, so as to present a 
l a r g e r surface f o r s t r i k i n g the w a t e r i n s w i m m i n g . B u t the c h i e f 
n a t a t o r y o rgan i n these la rge amphib ious r ep t i l e s is t h e l o n g , 
compressed t a i l . I n the act o f s w i m m i n g , the f o r e l i m b s are 
a p p l i e d flat t o the sides o f the b o d y , a n d the h i n d ones c h i e f l y 
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used i n m o d i f y i n g the course t h r o u g h the wate r . T h e fo re l imbs 
were shorter , and the h i n d l i m b s longer i n the e x t i n c t Crocodilia 
o f mar ine habits . T h e st iffness o f the neck , produced b y the 
ove r l app ing o f the expanded ce rv ica l r ibs , adds to the power o f 
the head i n o v e r c o m i n g the resistance o f the w a t e r ; b u t detracts, 

163 

W i t h the a lmost i n f l e x i b l e cuirassed t r u n k , f r o m the capaci ty to 
cap ture p r e y o n l a n d , w h i c h is se ldom o v e r t a k e n , except b y a 
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s t r a i g h t - f o r w a r d r u s h : th i s , f o r a shor t ex ten t , is dangerously-
r a p i d ; b u t the Crocodi les are mos t f o r m i d a b l e and agi le i n t h e i r 
h a b i t u a l e lement the . wa te r . 

T h e l i t t l e Draco volans has a body w h i c h r a r e l y exceeds 
110 gra ins i n w e i g h t ; the delicate t e g u m e n t a r y parachute , sustained 
b y the l o n g slender r i b s , fig. 163, l i k e the nervures o f the insect's 
w i n g , measures about five square inches — i ts area b e i n g as g rea t 
i n p r o p o r t i o n to the w e i g h t o f the an ima l as t h a t o f the w i n g s i n 
m a n y b i rds . B u t the muscu la r apparatus, a, a, subserves o n l y 
t h e expans ion and f o l d i n g u p o f the membrane , w h i c h w o u l d 
seem, the re fo re , t o act, i f the an ima l ever leaps i n t o a i r or dar ts 
t h r o u g h t ha t e lement , m e r e l y as a sus ta in ing parachute t o b reak 
the f a l l . 

T h e R e p t i l i a i n w h i c h the fo re l i m b was developed and m o d i f i e d , 
i n order t o w o r k membranous expansions w i t h su f f i c i en t fo rce t o 
raise and move the b o d y i n a i r , ceased to ex is t , appa ren t l y , d u r i n g 
the deposi t ion o f the cretaceous beds, p r i o r t o the t e r t i a r y epoch 
i n Geo logy . W e l ea rn f r o m the foss i l ized remains o f P t e r o 
dactyles , t h a t the w e i g h t o f the b o d y , compared to the area o f 
t h e i r outspread w i n g s , m u s t have been v e r y smal l , fig. I l l , A ; 
t h a t the bones were l i g h t , o f a t h i n b u t compact osseous t e x t u r e , 
permeated b y a i r . T h e d i g i t , so enormous ly developed f o r 
sus ta in ing the m a i n p a r t o f the w i n g , fig. I l l , 5, was r e s t r i c t ed , 
l i k e the a n t i b r a c h i u m i n b i rd s , t o movements o f abduc t ion a n d 
adduc t i on , l y i n g a long the u l n a r side o f the f o r e - a r m , and reach ing 
b e y o n d the sac rum, w h e n the w i n g was fo lded . T h e p r o p o r t i o n 
o f the area o f the ou t s t r e tched w i n g s to the b o d y was grea ter i n 
P te rodac ty les t h a n i n mos t b i rd s , and equa l l ed t h a t i n the b a t s ; 
l i k e w h i c h , t he P te rodac ty les w o u l d a l te r the alar area b y a l te rna te 
abduc t ion and a d d u c t i o n o f the sus ta in ing d i g i t , combined w i t h 
flexion and extens ion o f the a r m a n d f o r e - a r m . 

T h e large head and s t r o n g neck o f the P t e r o d a c t y l e seem to 
have ca l led f o r t h a t ex tens ion and f o r w a r d d i r e c t i o n o f t h e a n t i 
b r a c h i u m , w h i c h w o u l d cause t h e centres o f g r a v i t y a n d m a g n i t u d e 
t o be more i n advance t h a n i n e i ther b i r d or bat . T h e i r p e l v i c 
l i m b s w e r e l i t t l e m o r e deve loped t h a n i n Ba t s — m u s t have been 
u n e q u a l t o sus ta in the b o d y — m a y have c o n c u r r e d w i t h the sho r t 
u n g u i c u l a t e d i g i t s o f the f o r e l i m b , fig. I l l , l , 2, 3, 4, i n a c r a w l i n g 
progress a long the g r o u n d — and, b e i n g t e r m i n a t e d b y toes o f 
equa l l e n g t h , p r o b a b l y served, as i n bats , t o suspend the b o d y , 
head d o w n w a r d , d u r i n g sleep. 
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C H A P T E R I V -

NERVOTTS SYSTEM OF HSEMATOCRYA. 

§ 51. Nervous tissues.— Nervous substance, like muscular, 
ranks w i t h the most complex o f a n i m a l tissues i n chemical con
s t i t u t i o n , and possesses the greatest a tomic w e i g h t : b u t the a lbu
minous f o r m o f p ro te ine here preva i l s . N e r v o u s tissue presents 
t w o f o r m a l charac te rs ; one ves icular and g r e y i n colour, the 
o ther fibrous and w h i t e : b u t the n e u r i n e inc losed b y neur i lemma 
b e i n g sof ter t h a n m y o n i n e , and less d e f i n i t e i n ar rangement after 
death, t he ne rve - f ib re u sua l l y appears as a t u b e w i t h w h i t e contents. 

N e r v o u s substance has t w o p r i n c i p a l d i spos i t ions ; one i n 
masses, ca l led ' cen t res , ' the o ther i n threads, cal led 'nerves. ' 
T h e centres i n V e r t e b r a t e animals cons t i tu t e , according to their 
r e l a t i ve size or pos i t ion , the sp ina l c h o r d ( m y e l o n ) , the brain 
(encephalon) , and gangl ions . I n these the vesicular , g rey , or 
dynamic f o r m o f t issue is associated w i t h the fibrous, wh i t e , or 
conduc t ive f o r m . M o s t nerves consist o f the w h i t e fibres, and a l l 
are i n t e r n u n c i a l i n of f ice , es tabl i sh ing a communica t i on between 
the centres and the var ious par ts o f the body . 

T h e centres, and t h e i r g r e y o r ves icu lar cons t i tuen t more 
especial ly, appear to o r ig ina te the nervous f o r c e : ce r ta in nerves 
conduc t i t t o the tissues, p r i n c i p a l l y muscu la r , o n w h i c h i t acts 
b y p r o d u c i n g c o n t r a c t i o n ; o ther nerves c a r r y the impressions 
rece ived at t h e i r d i s t a l ends to the cen t res : the first are termed 
' m o t o r y , ' f r o m the f u n c t i o n t h e y exc i te , a n d ' e f ferent , ' f r o m the 
d i r e c t i o n o f c o n d u c t i o n : the second are t e r m e d ' sensory ' and 
' a f ferent . ' Sensation, or the apprec ia t ion o f the impress ion b y the 
i n d i v i d u a l , seems to f o l l o w o n l y w h e n the ' a f f e r e n t ' nerve conveys 
i t s impressions to the b r a i n ; w h e n i t stops shor t i n the myelon, 
or ends i n a gang l ion , i t m a y exci te a cor responding or connected 
' e f f e r e n t ' ne rve to produce m o t i o n , or a ' r e f l e x ' ac t ion , wh ich 
m a y t h e n take place w i t h o u t sensation or v o l i t i o n . 

T h e m y e l o n , the encephalon, and t h e i r nerves , cons t i tu te the 
' mye lencepha lous ' or ' c e r eb ro - sp ina l ' sys tem, t o w h i c h belong 
the gangl ions on the sensory roots o f the sp ina l a n d t r i g e m i n a l 
nerves, and those i n the g losso-pharyngea l a n d v a g a l nerves. 
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A cha in o f gangl ions is s i tua ted on each side, near the ve r t eb ra l 
f o r a m i n a , t h r o u g h w h i c h the cerebro-spinal nerves issue. These 
gangl ions radia te m a n y nerves , connec t ing t h e m one w i t h another 
and w i t h the cerebro-spina l nerves, and r a m i f y i n g i n a p l e x i f o r m 
w a y u p o n the viscera and coats o f the blood-vessels : t h e y con
s t i t u t e the ' s y m p a t h e t i c ' or ' g a n g l i o n i c ' sys tem i n Ver t eb ra te s . 

I n the cerebro-spinal nerves the p r i m i t i v e fibre consists o f a 
t ransparen t elastic homogeneous t u b u l a r 
membrane ( n e u r i l e m m a ) , fig. 164, a; i t s 
contents are p u l p y , homogeneous i n the 
l i v i n g or r ecen t ly dead state, and m a y be 
pressed o u t o f the shea th ; w h e n t rea ted 
w i t h wa te r , as i n fig. 164, a, or w i t h alco
h o l , t h e y condense i n t o a w h i t e layer , 
g i v i n g t h a t co lour to the t u b e : w i t h i n the 
w h i t e substance R e m a k defines a ' flattened 
band, ' and P u r k i n j e an ' ax i s -cy l inde r . ' 
W h e n t r ea ted w i t h ether, o i l -g lobu le s co
alesce i n the i n t e r i o r , and accumula te a round 
the ex t e r i o r o f the t u b e , fig. 164, b. 

T h e del icacy o f the n e u r i l e m m a , and 
m o b i l i t y o f i t s contents , lead, i n m a n y cases, 
t o p a r t i a l d i la ta t ions o f the t u b e , o f a ' v a r i - N e r v e t u b e s a l t e r e d ^ y r e . a g e n t s . 
cose' character , p r o b a b l y due to pos t -mor t em c c v -

i n f l u e n c e s : i n the l i v i n g or n a t u r a l state, the p r i m i t i v e ne rve -
t u b e or fibre appears to be p e r f e c t l y c y l i n d r i c a l . 

T h e f o l l o w i n g are resul ts o f Todd 's admeasurements o f t h e i r 
d iameter , i n the d i f f e r e n t ve r tebra te classes: — 

Fishes ( E e l ) ^ o f an i n c h . 
R e p t i l e s ( F r o g ) yVeio t o ^ 0 f an i n c h . 
B i r d s 2-oVo t ° 3 0

 0 1 > a n i n c h . 
M a m m a l s 1 *25 t o -g-gVo 0 I * a n i n c h . 1 

P r i m i t i v e ne rve- f ib res do n o t d i v i d e or b r a n c h ; t h e y are 
associated toge ther , i n s imple j u x t a p o s i t i o n , suppor t ed b y fine 
layers o f areolar t issue, w h i c h condense at the p e r i p h e r y i n t o a 
c o m m o n sheath, t o w h i c h the t e r m ' n e u r i l e m m a ' is c o m m o n l y , 
b u t n o t p r o p e r l y , g i v e n : i t answers t o the sheath w h i c h sur rounds 
a musc le , s i m i l a r l y b i n d i n g the cons t i t uen t fibres o f the n e r v e 
toge the r , a n d s u p p o r t i n g t h e i r n u t r i e n t capi l lar ies . These are the 
smal les t i n t h e b o d y ; t h e y r u n c h i e f l y p a r a l l e l w i t h the n e r v e -
fibres, f o r m i n g o b l o n g meshes, comple ted a t i n t e rva l s b y cross-
vessels. Sometimes the ne rve - f ib res have a w a v y course w i t h i n 
t h e gene ra l sheath, fig. 165. I n a f e w instances t h e y have been 

1 ccv. p. 593. 
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observed to decussate, as i n fig. 166, chang ing t h e i r re la t ive 
pos i t i on w i t h i n the sheath. 

T h e t e r m i n a t i o n o f e f fe ren t nerves on 
sent ient surfaces o f the s k i n appears to 
be p l e x i f o r m : b u t t h e y have been seen 
to enter the bases o f the tac t i l e papilla? 
i n the f o r m o f loops. T h e looped t e r m i 

n a t i o n has been d i s t i n c t l y seen b y H e n l e u p o n the membrana 
n ic t i t ans o f the f r o g , and b y V a l e n t i n o n par ts o f the fo rmat ive 
m a t r i x o f t ee th , fig. 167. 

• • • • • • • • H H H B l S i H H H H H H i 

Wavy course of nerve fibres, within 
the common sheath, ccv. 

167 

Diagram to show the decussation of the primitive fibres within 
the trunk of a nerve, ccv. ccvx 

Amongst the nerve-fibres of the sympathetic system are some 
o f a g r e y co lour , sometimes ca l led ' s o f t fibres,' w h i c h are flattened, 

homogeneous, more m i n u t e than the 
p r i m i t i v e fibres o f the cerebro-spinal 
system, a n d characterised b y small 
m u l t i n u c l e a t e bodies u p o n the i r sur
face, fig. 168. 

§ 52. Myelencephalon of Fishes.—In 
the cold-blooded Ver t eb ra t e s the pro
p o r t i o n o f the mass - fo rm, or centres, to 
the t h r e a d - f o r m , or conductors , o f the 
nervous system is less t h a n i n the 
w a r m - b l o o d e d classes. 

I n the L a n c e l e t (Branchiostoma), 
fig. 169, the n e u r a l ax is , m d, shows 
no d i s t i n c t i o n be tween b r a i n and 
m y e l o n ; i t is a slender t r a c t o f n u 
cleated cells , inclosed i n a delicate 
p ia mater , c o n s t i t u t i n g a cont inuous 
chord , o f opal ine sub-transparency, 
d u c t i l e and elastic. I t is depressed 
or band - l i ke a long i t s m i d d l e t h i r d , 
w h i c h is s l i g h t l y g r o o v e d a long the 
med ia l l i n e o f the dorsal surface, 

Terminal nerves on the sac of the second 
molar tooth of the lower jaw in the 
sheep, showing the arrangement in 
loops, ccvi. 



MYELENCEPHALON OF FISHES. 269 

and t a p e r i n g to b o t h ends, b u t m o r e g r a d u a l l y to the h i n d e r 
one, the fo r e - end b e i n g less acute. A streak o f p i g m e n t -
cells m a r k s the m i d d l e o f the u p p e r surface : da rke r cells m a r k 
the o r ig in s o f the nerves. These n u m b e r f r o m fifty t o s i x t y 

168 

Nervous fibres from a soft or grey nerve in the Calf. ccvn. 
A, fibre resolving itself into fibriUae. B, a fibre doubled on itself, 
showing the flattened character. C, Two fibres lying in juxtaposi
tion, a, a, a, nuclei, c, a nuclear fibre (Kernfaser). d, a fibrilla. 

pairs, and appear to come oif as simple-chords, fig. 170. They 
pe r fo ra te the membranous n e u r a l canal , and accompany the i n t e r 
muscu la r septa, d i v i d i n g i n t o t w o p r i n c i p a l branches — one to the 
n e u r a l or dorsal , the o ther t o the haemal o r v e n t r a l , muscu l a r 

segments. T h e first p a i r o f nerves , fig. 170, b, w h i c h Professor 
G o o d s i r 1 t h i n k s m i g h t correspond to the e t r i f a c i a l , ' passes to the 
membranous par t s above the m o u t h : i t m a y be the homologue o f 
t h a t , w h i c h , w h e n a p a r t o f such membrane becomes specialised 
as an o l f a c t o r y sac, becomes the o l f a c t o r y ne rve , as, e. g . , i n the 

1 xc. 
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L a m p r e y . T h e second pa i r is m u c h la rger ; i t passes ou t o f the 
neu ra l canal , an te r io r t o the first myocomma, and sends a branch, 

170 c> fig- 170, u p w a r d and b a c k w a r d t o w a r d the f r o n t 
edge o f t h a t segment, w h i c h communicates w i t h 
the dorsal branches o f several successive nerves o f 
i t s o w n side, l i k e the b r a n c h f r o m the combined 
t r i f a c i a l and vaga l nerves, m a r k e d l i n fig. 2 0 4 : 
the m a i n t r u n k o f t h e second nerve curves 
d o w n w a r d and b a c k w a r d , d, fig. 170, communi 
ca t ing w i t h the cor responding parts o f the suc
ceeding nerves o f i t s o w n side, t o some way 
b e y o n d the ven t , fig. 169, a s: t h i s p o r t i o n answers 
to the branches 3 and 4 o f the e nervus la tera l is ' 
i n fig. 204 . F r o m the p r i n c i p a l f u n c t i o n o f the 
second (conspicuous) pa i r o f nerves i n the Lancelet , 
as a ' ne rve o f association, ' i t p r o b a b l y answers to 
b o t h the t r i g e m i n a l and vaga l , w h i c h i n most 
h ighe r fishes combine to f o r m the £ l a te ra l nerve,' 
w i t h the same re la t ions t o the spinal nerves and 
med ian fins as the nerves c and d, fig. 170, show 
i n the L a n c e l e t . 

C o s t a 1 describes and figures 1 l a macchia bruna 
d e g l i o c c h i ' ( p . 14 ) , ' l 'opaci ta corrispondente 
sopra e d i e t ro d e g l i o c c h i ' ( i b . ) , 2 and ' t a l v o t a i 
g a n g l i o l f a t t o r i ' ( T a b . i . , fig. 2 , gy). E e t z i u s 3 re
discovers the o c e l l u s ; and K o l l i k e r 4 has more 
p a r t i c u l a r l y described t h e sub - t e rmina l cil iated 
depression, described as an ' o l f ac to ry sac,' and 
ind ica ted i n the d i ag ram, fig. 169, ol. Accord ing 
to those observat ions, o l f a c t o r y and opt ic nerve-
filaments m a y be i n f e r r e d ; and the fo re par t of 
the n e u r a l axis , i n c l u d i n g the t r igemino-vagal 
nerves, c b, fig. 169, w i l l answer to the b ra in . 

T h e succeeding nerves d i v i d e , soon a f te r emerg
i n g , i n t o dorsal and v e n t r a l branches, as i n higher 
fishes, co r responding i n n u m b e r w i t h the muscular 
segments. T h e nerves consist o f the p r i m i t i v e 
c y l i n d r i c a l fibres. 

T h i s is the most s imple pers is tent cond i t ion of 
the cen t r a l organs o f the ne rvous sys tem k n o w n 

The nervous sys
tem of Branchio-
stoma lanceolatum. 
xc. 

XXX. 
CXXI. 

Query, can this opake spot he an acoustic sac? 
1 XXXII. 
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i n the ve r tebra te s u b k i n g d o m . I n a l l o ther Fishes the f o r e p a r t 
o f t he n e u r a l axis receives the vaga l , t r i g e m i n a l , and special sense 
nerves, and developes and supports gang l ion ic masses, p r i n c i p a l l y 
disposed i n a l inea r series pa ra l l e l w i t h the axis : th i s p a r t is t he 
e b r a i n ' ( e n c e p h a l o n ) ; the rest o f the axis r e t a i n i n g i t s co lumnar 
or c h o r d - l i k e character is the f m y e l o n , ' and b e i n g lodged i n the 
canal o f the sp ina l c o l u m n , i t is u s u a l l y denned as the medulla 
spinalis ( sp ina l m a r r o w , or sp ina l chord) . 

I n the L a m p r e y the m y e l o n is flattened, opal ine , d u c t i l e , and 
elastic, as i n the L a n c e l e t and o ther Dermopteri: i n t y p i c a l 
Fishes i t is inelast ic and_ opaque, c y l i n d r i c a l or sub-depressed; 
o f nea r ly u n i f o r m diameter , g r a d u a l l y t a p e r i n g i n the caudal 
r e g i o n to a p o i n t i n heterocercal F ishes , b u t s w e l l i n g i n t o a smal l 
t e r m i n a l g a n g l i o n 1 i n most homocercal Fishes. 

T h e H u n t e r i a n p repa ra t i on o f the skate (R,aia Batis)2 shows 
a s l i gh t ( b r a c h i a l or pec to ra l ) en la rgement o f the m y e l o n , w h e r e 
the numerous la rge nerves are sent o f f t o the grea t pec tora l f i n s : 
a feeb le r b r a c h i a l en la rgement m a y be no t i ced i n the Sharks . 
I have n o t recognised i t i n Osseous Fishes , n o t even i n those w i t h 
enormous pectorals adapted f o r flight, e. g . Exoccetus and Dac
tylopterus-. i n the l a t t e r the smal l gang l ion ic r i s ings u p o n the 
dorsal co lumns o f the ce rv ica l r e g i o n o f the m y e l o n receive nerves 
o f sensation f r o m the f r e e so f t rays o f the pectorals , and the 
homologous gangl ions are more m a r k e d i n o ther G u r n a r d s 
( Triglce), w h i c h have f r o m three to five and sometimes s ix p a i r s 3 , 
e. g . i n Trigla Adriatica. S i m i l a r m y e l o n a l ce rv ica l gangl ions 
are present , also, i n Polynemus. I n the heterocercal S t u r g e o n 
there is a feeble expansion o f the m y e l o n at t he b e g i n n i n g o f the 
Caudal r e g i o n , whence i t is c o n t i n u e d , g r a d u a l l y d i m i n i s h i n g t o a 
p o i n t a long the n e u r a l canal i n t h e u p p e r lobe o f the t a i l . I n 
some b o n y fishes ( T r o u t , B l e n n y ) the caudal g a n g l i o n is n o t q u i t e 
t e r m i n a l , and is less m a r k e d t h a n i n the C o d or B r e a m , i n w h i c h 
i t is o f a h a r d t e x t u r e , b u t receives t h e last pa i r o f sp ina l nerves . 
T h e absence o f th i s g a n g l i o n i n the S h a r k shows t h a t i t relates 
n o t t o tiie s t r e n g t h o f the t a i l b u t t o i t s f o r m , as depend ing o n 
the concen t r a t ion and coalescence o f the t e r m i n a l ver tebras ; 
except , indeed , w h e r e such metamorphos is is ex t r eme , as, e. g . i n 
Orthagoriscus mola, and w h e r e i t affects the en t i r e c o n d i t i o n o f 
the m y e l o n , w h i c h has s h r u n k i n t o a shor t , con ica l , and , acco rd ing 

1 LIII. p. 6; LIV. p. 26 (in the Cod). 
2 xx. vol. i i i . p. 40, prep. No. 1347. 
3 LV. pi. 2, fig. 4, p. 106; and L I I I . p. 6, pi. 2, fig. 24, 25. 
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t o A r s a k i ( L I I I . t ab . i i i . fig. 10) , gang l i a t ed appendage to the 
encephalon. A l i k e s ingu la r m o d i f i c a t i o n , b u t w i t h o u t the 
gang l ion ic s t ruc tu re , obtains i n Tetrodon a n d Diodon, i n a species 
o f w h i c h l a t t e r genus I f o u n d the m y e l o n , fig. 1 7 1 , M , o n l y f o u r 

l ines l o n g , i n a fish o f seven inches i n l e n g t h and mea
s u r i n g three inches across the head. T h e neura l canal 
i n these P l e c t o g n a t h i c fishes is ch i e f ly occupied b y 
a l o n g e cauda equina , ' i b . c e. B u t , i n s ign i f i can t as 
the m y e l o n here seems, i t is someth ing more than 
m e r e l y unreso lved ne rve- f ib res ^ transverse wh i t e 
stria? are d iscernib le i n i t , w i t h g r e y mat t e r , showing 
i t t o be a centre o f nervous fo r ce , n o t a mere con
duc tor . I n the L o p h i u s a l o n g cauda equina pa r t l y 
conceals a short m y e l o n , w h i c h te rminates i n a point 
at abou t t h e t w e l f t h ve r t eb ra . I n o ther fishes the 
m y e l o n is v e r y n e a r l y or q u i t e co-extensive w i t h 
the n e u r a l canal , a n d the re is no cauda equina, or 
b u n d l e o f nerve-roots , i n the cana l : a tendinous 
t h r ead sometimes ties the t e r m i n a l gang l ion to the 
end o f the canal. 

A sha l low l o n g i t u d i n a l fissure divides the vent ra l 
surface, and a deeper one the dorsal surface, o f 
the m y e l o n , i n t o equa l m o i e t i e s : a feeble long i 
t u d i n a l l a t e ra l impress ion ( S t u r g e o n ) subdivides 
these i n t o dorsal and v e n t r a l co lumns ; i n other fishes 

( C o d , H e r r i n g ) these are separated b y a l a t e r a l t r ac t , and six 
co lumns o r chords m a y be d i s t i ngu i shed i n t h e m y e l o n — two 
dorsal or sensory, t w o v e n t r a l or m o t o r y , and t w o la tera l or 
r e s t i f o r m tracts . A m i n u t e c y l i n d r i c a l canal extends f r o m the 
f o u r t h v e n t r i c l e , beneath ( v e n t r a d o f ) t h e b o t t o m o f the dorsal 
fissure, a long the en t i r e m y e l o n ; th i s canal is n o t exposed i n the 
recent fish b y m e r e l y d i v a r i c a t i n g the dorsa l columns. B o t h 
l a t e ra l halves o f the m y e l o n have g r e y m a t t e r i n t he i r in te r ior , 
and w h i t e transverse stria?. A l t h o u g h m a n y fishes (Bream, 
D o r s k ) show a s l i g h t en la rgement at each j u n c t i o n o f the nerve-
roots w i t h the m y e l o n , the ana tomica l s tudent w i l l l o o k i n va in h i 
the recent E e l , or L u m p - f i s h , f o r tha t gang l i on i c s t ruc tu re o f the-
m y e l o n w h i c h the descr ipt ions o f C u v i e r 1 m i g h t lead h i m to 
expect. 

A s the m y e l o n approaches the encephalon, i t expands ; and the 
f o l l o w i n g changes m a y be here observed i n the C o d and Shark : — 

Brain and mye
lon, Diodon, 
natural size 

1 xxn i i p. 323; X I I I . i i i . p. 176. 
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i n the v e n t r a l co lumns a shor t l o n g i t u d i n a l groove divides a 
n a r r o w e r med ian 'pre-pyramidal' t r a c t , fig. 172, a, f r o m a broader 
l a t e r a l ' o l i v a r y ' t r a c t , i b . b: i n the dorsal co lumns a med ian 
' f u n i c u l a r ' t r a c t , i b . e, is s i m i l a r l y m a r k e d o f f f r o m a l a t e r a l 
' p o s t - p y r a m i d a l ' t r a c t , cl: th i s is n o w , also, d i s t ingu i shed b y a 
deeper fissure f r o m the t r u e l a te ra l or 1 r e s t i f o r m ' t r ac t , c, a t the 
i n f e r i o r p a r t o f w h i c h a d i s t i nc t slender p o r t i o n is 
also sometimes def ined . T h e pos t -py ramida l t racts 
d ive rge , expand and b l e n d a n t e r i o r l y w i t h the 
s i m i l a r l y b u l g i n g r e s t i f o r m t rac ts , f o r m i n g the side-
w a l l s o f a t r i a n g u l a r or r h o m b o i d a l c a v i t y , cal led the 
' f o u r t h v e n t r i c l e , ' fig. 173, y: t he p r e - p y r a m i d a l and 
o l i v a r y t rac ts , f o r m i n g the floor o f the v e n t r i c l e , are 
covered be low b y a t h i n super f i c ia l l ayer o f t r ans 
verse ' a r c i f o r m fibres'1 i b . m, conceal ing t h e i r S e c t i o n o f m e d u l l a 

b o u n d a r y fissures. A t the b o t t o m o f the v e n t r i c l e 
the m y e l o n a l canal is exposed, and i t s sides s w e l l 
and r ise as r o u n d e d or e t e r e t i a l ' t r ac t s , 2 i b . f } f r o m the floor o f 
the v e n t r i c l e , d i v e r g i n g s l i g h t l y as t h e y advance, a n d expos ing an 
in t e rmed ia t e e n o d u l a r ' t r a c t ; th i s s t r uc tu r e is w e l l seen i n t h e 
b a s k i n g shark ( S e l a c h e ) : t w o l a t e r a l p r o m i n e n t ' v a g a l ' co lumns 
also p r o j e c t i nwards i n t o the v e n t r i c l e , f r o m the con jo ined r e s t i 
f o r m and pos t -py ramida l t r a c t s ; these vaga l co lumns present a 
series o f nodules, fig. 173, f , cor responding w i t h t h e f a sc i cu l i o f 
the roots o f the grea t vaga l ne rve i n Selache.3 

I n the C y p r i n o i d F ishes the med ian i n f e r i o r t r a c t rises i n t o the 
v e n t r i c l e , and is developed i n t o a smooth hemispher ic mass, t h e 
e nodulus , ' fig. 178, k: t he con jo ined p o s t - p y r a m i d a l and r e s t i f o r m 
wa l l s s w e l l ou twards , and f o r m l a t e r a l ' v a g a l ' lobes, l a rge a n d 
nodu la t ed i n the C a r p , fig. 178, h, w h i c h is so tenacious o f l i f e . T h e 
vaga l lobes are enormous ly developed i n the T o r p e d o ; t h e y j o i n the 
t r i g e m i n a l lobes, and present a y e l l o w i s h co lour i n the recen t fish : 
m a n y non-nuc lea ted cells are present i n t h e i r substance ; t h e y g i v e 
o r i g i n to the nerves o f the e lec t r i c organs, a n d have been ca l led 
' l o b i e l e c t r i c i ; ' b u t the v a g a l lobes are scarcely less r e m a r k a b l e 
f o r t h e i r size i n the G y m n o t u s , w h e r e t h e y have no d i r e c t con 
nec t ion w i t h a n y o f the nerves o f the e lec t r ic organs. I n the 
C o d the vaga l gang l ions are obsolete, a n d the nodu lus s l i g h t l y 
swel l s above, a n d obl i tera tes the ' calamus sc r ip to r ius . ' I n t h e 
L u c i o p e r c a the vagal lobes are n o t v e r y d i s t i n c t , b u t t h e y m a r k 

1 Homologous with the ' filamenti arciformi' of Rolando, L V I I I . p 170, t. i . fig. 2. 
2 These are called ' vordere pyramiden' by Dr. Stannius. L V I . p, 43. 
3 xx. vol.. m . p. 22; Prep. no. 1311A. 

VOL. I . T 



274 ANATOMY OF VERTEBRATES. 

the commencement , and f o r m the broadest pa r t , o f the v e r y l o n g 
m e d u l l a oblongata , t he r e s t i f o r m t racts d i m i n i s h i n g i n size as they 
advance. I n no o ther Ver t eb ra t e s save Fishes are the vagal lobes 
and the nodu lus present . 

T h e poster ior p y r a m i d s , w h i c h are the an te r io r con t inua t ion o f 
the poster ior m y e l o n a l co lumns , d i v e r g i n g as t h e y are pushed 
aside b y the deeper-seated t rac ts t h a t f o r m the floor o f the f o u r t h 
v e n t r i c l e , and c o m b i n i n g w i t h the l a t e r a l co lumns to f o r m the 
corpus r e s t i fo rme and the basis o f the vaga l lobes, again qu i t 
those co lumns , converge , ascend, and u n i t e toge ther above the 
an te r io r open ing o f the f o u r t h v e n t r i c l e : t h e y there f o r m either 
a s imple b r i dge or commissure , fig. 173, c, or are developed 
upwards and backwards i n t o a gang l ion i c mass, overarching the 
ven t r i c l e ; th i s mass is the ' c e r e b e l l u m , ' figs. 174—179 , C. I t is 

173 f o r m e d ch ie f ly b y the pos t -py ramida l columns, 
b u t doubtless derives some share o f the proper 
l a t e ra l or r e s t i f o r m fibres, as the resu l t o f the 
p rev ious conf luence o f these w i t h the post-

P " T l i l T ~ ^ pyramids . 
^ ~ m m l i / ' ^ ^ i e c e r e D e l l u m reta ins i t s earliest embryonic 

f o r m o f a s imple commissura l b r i dge or f o l d i n the 
paras i t ic suc to r i a l Cyclos tomes, i n the heavi ly-
laden S t u r g e o n , fig. 173, C, and Po lyp te rus , 1 

and i n the a lmost finless L e p i d o s i r e n , 2 fig. 186, 
C : i t a t tains i t s h ighes t developement , i n the 
present class, i n the Sharks , whe re i t no t only 
covers the f o u r t h v e n t r i c l e , b u t advances over 
the op t ic lobes, and i n the Saw-f i sh extends 
b e y o n d t h e m to res t u p o n the c e r e b r u m ; its 
surface is f u r t h e r ex tended i n these active 

Jpredaceous fishes b y numerous transverse 
• fo lds , fig. 187, c. I n m o s t Osseous Fishes the 

ce rebe l lum is a smooth convex b o d y , hemisphero id , fig. 175, C, or 
t ransverse ly sube l l ip t i c ( E e l , fig. 176 , c ) , or l o n g i t u d i n a l l y subel-
l i p t i c ( L e p i d o s t e u s ) , fig. 174, c ; b u t i t m a y be an ob long body 
( D i o d o n ) , fig. 1 7 1 , C, or be depressed and tongue-shaped (Cod, 
fig. 1 8 3 , / ) , or o v a l , or p y r a m i d a l ( P e r c h , fig. 182, a) ; i t is very 
r a r e l y f o u n d e x t e n d i n g f o r w a r d , as i n Echeneis and Amblyopsis, fig. 
175, c, over any p a r t o f the op t i c l o b e s ; b u t o f t e n backward 
over the w h o l e f o u r t h v e n t r i c l e , as i n the C o d , fig. 1 8 3 , / , and the 
D i o d o n , fig. 1 7 1 , C ; or over the m a j o r p a r t o f the v e n t r i c l e , as i n the 

Brain; Sturgeon, cxcrx. 

' xxv. p. 24, pi. i i . figs. 5, 7. 2 X X X I I I . p. 339, pi. 27. 
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H e r r i n g , fig. 184, c ; b u t sometimes cove r ing o n l y a smal l p o r t i o n , as 
i n the C h u b , fig. 177, c, the L u m p - f i s h , and the Lep idos teus , fig. 
174, c. T h e r e l a t i ve size o f the ce rebe l lum, acco rd ing ly , varies 

175 176 

Brain; 
Lepidosteus 

Brain; Amblyopsis 
magnified 

¥ 

Brain; Eel. CCii. 

g r e a t l y i n d i f f e r e n t b o n y fishes; i t is v e r y sma l l i n the l azy L u m p -
fish, and e x t r e m e l y large i n the ac t ive and w a r m - b l o o d e d T u n n y , 
whe re , also, i t s surface shows transverse g roov ings . 
T h e ce rebe l lum is u n s y m m e t r i c a l l y p laced i n t h e 
P i k e and some F l a t - f i s h (Pleuronectidoe), and is 
u n s y m m e t r i c a l l y shaped i n the Sharks : i t presents 
a l o n g i t u d i n a l g roove i n the D i o d o n , and a pos
t e r i o r n o t c h i n the H e r r i n g : a t ransverse n o t c h d i 
vides i t i n t o an an te r io r and pos te r ior lobe i n the 
L o p h i u s : i t bears a c r u c i a l depression i n the Skate . 
T h e ce r ebe l l um presents i n m a n y fishes a smal l 
c a v i t y or fossa a t i t s unde r p a r t , c o n t i n u e d f r o m 
t h e f o u r t h v e n t r i c l e , fig. 178, c : i t is so l id i n the 
T e n c h , the G a r p i k e , a n d the c o m m o n E e l : some 
g r e y m a t t e r is u s u a l l y f o u n d i n i t s i n t e r i o r , w i t h 
feeble ind ica t ions o f w h i t e striae; b u t the re is no 
' a rbor vita?,' except i n the T u n n y a n d Sharks . 

T h e pos te r ior e c r u r a c e r e b e l l i ' are f o r m e d b y 
the pos te r ior p y r a m i d s , fig. 172 , d, w i t h p a r t o f the r e s t i f o r m 
t rac t s , i b . c; v e r t i c a l fibres f r o m the sides o f t h e c e r e b e l l u m 
con t inue t o a t t ach i t t o the 
sides o f t h e r e s t i f o r m or t r i g e 
m i n a l lobes, a n d some o f these 
are c o n t i n u e d as a r c i f o r m fila
men t s u p o n the u n d e r surface 
o f t he m e d u l l a o b l o n g a t a : t h e y 
answer t o t h e c c r u r a ce rebe l l i ad p o n t e m ' o f M a m m a l i a ; b u t , as 

T 2 

Brain and portion of 
spinal marrow of 
Chub (Leuciscus) 
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there are no l a t e ra l lobes i n the ce rebe l lum i n Fishes , these c rura 
are r u d i m e n t a r y , and the e p o n s ' is absent. I n the Shark they 
connect the sides o f the base o f the ce rebe l lum w i t h the c r e s t i fo rm 
commissure, ' figs. 172 & 187, I. I n most F ishes t w o fa sc i cu l i o f 
m e d u l l a r y fibres proceed, as ' an te r io r c ru r a , ' f r o m the under and 
fo re p a r t o f the ce rebe l lum, or converge f r o m the l a t e ra l and fo re 
p a r t f o r w a r d , t o f o r m the i n n e r w a l l or s ep tum, fig. 184, r , o f the 
opt ic lobes : these answer to the 6 processus a cerebello ad testes ' 
o f the h u m a n b r a i n : t h e y are connected b e l o w t h e i r o r i g i n at the 
under p a r t o f the ce rebe l lum b y one or t w o t ransverse fasc icu l i o f 
w h i t e fibres, f o r m i n g the ' commissura ansulata, ' w h i c h crosses the 
p re -pvramids j u s t b e h i n d the ' h y p o a r i a , ' fig. 185, n. T h e in fe r io r 
w h i t e surface o f the ce rebe l lum, w h i c h f o r m s the r o o f o f the f o u r t h 
ven t r i c l e , is c a l l e d ' discus ce rebe l l i , and f r o m th i s p a r t smal l tuber
cles p ro jec t i n a f e w fishes (e. g . Blennius and Sturio, fig. 173, c ) . 

T h e r e s t i f o r m columns , q u i t t i n g the p o s t - p y r a m i d a l c rura o f 
the ce rebe l lum, and h a v i n g ef fec ted b y t h e i r p rev ious confluence 

t h e r e w i t h some in te rchange o f filaments, swell 
o u t a t t he an te r io r l a t e r a l par ts o f the medul la 
oblongata , and g ive o r i g i n t o the great t r i gemina l 
nerve . T h e y here f o r m considerable ' t r igemina l 
l obes ' i n the L o a c h a n d H e r r i n g , fig. 184, i, and 
are f o l d e d o r ' f i m b r i a t e ' i n Chimcera,ng. 179, dd, 
and most P lagios tomes , w h e r e t h e y are closely 
connected w i t h a t h i c k vascular mass o f pia 
ma te r and arachnoid . T h e t r i g e m i n a l lobes are 
convo lu te i n the S k a t e ; enormous and blended 
w i t h the v a g a l lobes i n the T o r p e d o ; b u t i n most 
Osseous Fishes ( L e p i d o s t e u s , C o d ) t h e y are not 
developed so as t o m e r i t the name o f lobes. I n 
the C o d the i nne r surfaces o f the r e s t i f o r m bodies 
p ro j ec t i n t o the f o u r t h v e n t r i c l e , a n d obli terate 
the fo re p a r t o f the calamus b y m e e t i n g above 
i t ; th i s commissure , w h i c h is benea th the cere
b e l l u m , is the e commissura r e s t i f o rmi s , ' fig. 182. 
I t is r e m a r k a b l y developed i n Carcharias, where 
i t seems to f o r m a sma l l supp lementa l cerebel lum 

179 

Brain of Chimcera mon-
strosa. cxcix. 

beneath the la rge n o r m a l one : i n fig. 172 
the m e d u l l a ob longata is c u t across, the f o u r t h 

ven t r i c l e exposed f r o m beh ind , and the r e s t i f o r m commissure , I, is 
r a i s ed : i t has an an te r ior and pos ter ior med ian no t ch . 

T h e p r i m a r y d i v i s i o n o f the b r a i n , w h i c h consists o f the medu l l a 
oblongata w i t h the ce rebe l lum and other less constant appendages 
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Brain of Perch, upper surface, xxni. 

i n Fishes , is ca l led the e epencephalon, ' fig. 1 7 9 , / , c, fig. 178, g, c ; 
i t is r e l a t i v e l y l a rger , occupies a greater p r o p o r t i o n o f the c r a n i u m , 
and is more complex and d ive r s i f i ed i n th i s t h a n i n any o f the 
h ighe r classes o f Y e r t e b r a t a . 

T h e n e x t succeeding p r i m a r y d iv i s ion o f the b r a i n is cal led the 
'mesencepha lon , ' figs. 180 & 18J , b, e , f : i t is u sua l ly the largest 
d i v i s i o n i n Osseous Fishes , and con
sists o f t w o uppe r spheroidal bodies, 
ca l led eoptic lobes , ' 1 figs. 176, 177, 
180, b ( i n most o f the figures, o ) , 
o f t w o l o w e r subspherical bodies, 
c a l l e d f h y p o a r i a , ' 2 figs. 178, 185, n, 
fig. 1 8 1 , e, w i t h i n t e r v e n i n g con
n e c t i n g wa l l s enclosing a c a v i t y , 
ca l led the 1 t h i r d v e n t r i c l e , ' w h i c h 
is p ro longed d o w n w a r d i n t o the pedicle o f the £ hypophys i s , ' o r 
p i t u i t a r y g l a n d , fig. 185, p, and u p w a r d i n t o t h a t o f the ' c o n a -
r i u m ' o r p inea l g l a n d , fig. 175, w. T h e p r e p y r a m i d a l co lumns 
are con t inued f o r w a r d s , a long the floor o f the f o u r t h v e n t r i c l e , 
w h e r e t h e y are covered b y a t h i n l ayer o f m e d u l l a r y fibres, t o the 
h y p o a r i a and prosencephalon: some fibres b l e n d i n g w i t h t h e w a l l 
o f t he t h i r d v e n t r i c l e and the base o f the op t ic lobes. T h e 
t ransverse ' ansu la te ' commissure , 3 w h i c h un i tes or crosses the p re -
p y r a m i d s before t h e y penetrate the hypoa r i a , m a y be regarded as 
the mos t an te r io r o f the a r c i f o r m fila
ments,- w h i c h f e e b l y represent t h e 
pons Y a r o l i i i n Fishes . T h e r e s t i f o r m 
columns are expended c h i e f l y i n f o r m 
i n g the wa l l s o f the t h i r d v e n t r i c l e and 
the base and e x t e r i o r wa l l s o f the op t ic 
lobes, a smal l p a r t o n l y b e i n g con
t i n u e d f o r w a r d s to the c e r e b r u m i n mos t Osseous Fishes . T h e 
an te r io r cerebel lar c r u r a are c h i e f l y los t i n the i n n e r w a l l s o r 
sep tum o f t h e op t i c lobes. 

These lobes are c o m m o n l y o f a subspher ica l figure, a n d l a r g e r 
t h a n the ce rebra l lobes, as i n figs. 177, 180, b, 1 7 1 , 184 , o ; t h e y are 
o f t e n l a rge r t h a n the ce rebe l lum, i b . i b . ; b u t o f n e a r l y equa l size 
w i t h the c e r e b e l l u m i n the E e l , fig. 1 7 6 ; t h e y are smal ler t h a n 
t h e ce rebra l lobes, b u t l a rge r t h a n the c e r e b e l l u m , i n t h e P o l y p t e r u s 
and L e p i d o s i r e n , fig. 186, o ; t h e y are smal ler t h a n e i ther t h e 
c e r e b r u m or ce r ebe l l um i n t h e Amblyopsis spelceus, fig. 175 , o , i n 

1 ' Lobes creux,' Cuvier. 2 ' Lobes inferieurs,' Ib, 3 L V I I . pi. iv., fig. 7,1. 
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the Chimaera, fig. 179, O, and i n the Sharks , fig. 187, O. I n 
the l a t t e r t h e y bear t h e same p r o p o r t i o n t o the opt ic nerves 
and eyes as i n o ther fishes, t h e i r sma l l r e l a t ive size depending 
on the advanced developement o f b o t h ce rebe l lum and cere
b r u m : i n the b l i n d A m b l y o p s o f the subterraneous waters, 
t he d i m i n u t i o n o f the opt ic lobes relates t o the almost t o t a l 
abroga t ion o f the v i s u a l o r g a n ; b u t since b o t h i n the A m b l y o p s 
and the e q u a l l y b l i n d M y x i n e these lobes are present, they 
cannot be exc lu s ive ly the cen t r a l g a n g l i o n o f the opt ic nerve , nor 
t h e i r sole f u n c t i o n t h a t o f r e c e i v i n g the impressions o f the sense 
o f s ight , and m a k i n g t h e m percept ib le as ideas b y the animal . 

T h e opt ic lobes are h o l l o w i n most F ishes , fig. 182 , b. T h e 
ex te r io r surface shows b l ended g r e y a n d w h i t e ma t t e r , the w h i t e 

fibres u s u a l l y c o n v e r g i n g to the optic 
n e r v e s ; some o f t h e fibres un i t e w i t h 
t he an te r io r c r u r a o f the cerebel lum 
to f o r m t h e s e p t u m o f the opt ic lobes, 
fig. 184, r, w h i c h consists o f t w o or 
f o u r m e d u l l a r y f a s c i c u l i , decreasing i n 
the T e n c h , inc reas ing i n the Cod, as 
t h e y pass f o r w a r d . O n d ivar ica t ing 
t h e op t i c lobes f r o m above, as i n fig. 

182, or b y a h o r i z o n t a l sect ion, as i n fig. 183 , t h e i r c a v i t y , d, or 
v e n t r i c l e , is exposed : i t communica tes w i t h t h e expanded mye len-
cephalous canal , ca l led e t h i r d ' and e f o u r t h ' ven t r i c l e s , as shown 
b y the b r i s t l e , q. I t s floor is v a r i o u s l y c o n f i g u r a t e d i n d i f fe ren t 
fishes. T h e r e are one or t w o sma l l w h i t e tuberc les , (tuberculi 
o p t i c i , ' figs. 1 8 2 , 1 8 3 , e, on each side o f the back p a r t o f the septum; 
the C o d , Sa lmon, P i k e , and P e r c h , show f o u r o f these bodies; the 
C a r p and H e r r i n g , fig. 184, t, t w o : i n the C a r p t h e y are oblong, 
j u x t a p o s e d , and were ca l led ' t u b e r c u l u m c o r d i f o r m e ' b y H a l l e r ; 1 

t h e y are n o t present i n the P o l y p t e r u s , L e p i d o s i r e n , S tu rgeon , or 
P lag ios tome fishes. E x t e r n a l t o these tuberc les the floor o f the 
v e n t r i c l e u s u a l l y rises i n t o a c u r v e d eminence, w i t h i t s convex i ty 
o u t w a r d s ; th i s is t he f t o rus s e m i c i r c u l a r i s ' o f H a l l e r , 2 fig. 184, w. 
I t is n o t homologous w i t h e i ther the ' t h a l a m u s o p t i c u s ' or the 
c corpus s t r i a t u m ' o f the mammal ' s b r a i n . I n t h e C a r p , where 
the grea t phys io log i s t first descr ibed a n d n a m e d t h e m , the ' t o r i ' 
are la rge , and m u c h c u r v e d ; i n genera l t h e y describe o n l y a 

1 In Salmo Umbla Haller calls them ' corpora quadrigemina,' as does Cuvier, in 
Perca fluviatilis: they are analogous inform to the parts so named, in Mammals; 
but are not homologous therewith. 

2 L IX. t. i i i . p. 201. 

Brain of Perch, with the optic lohes laid 
open, and the cerebellum turned to the 
right side, XXIII. 
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smal l p o r t i o n o f a c i rc le , fig. 182, h; and i n some b o n y fish, as t h e 
G a r p i k e , L o a c h , and L u m p f i s h , t h e y are scarcely raised above 
the l e v e l o f the floor o f the v e n t r i c l e . T h e y are n o t deve
loped i n the P o l y p t e r u s , t he L e p i d o s i r e n , 
or the h i g h e r P lag ios tomes ; and b o t h t o r i 
and t u b e r c u l i are pecul ia r i c h t h y i c develope-
ments i n the ven t r i c les o f the opt ic lobes. 
T h e b o t t o m o f the op t ic v e n t r i c l e , fig. 184, v, 
an te r io r and ex t e rna l t o the ' t o r i , ' is g r e y , and 
u s u a l l y p r o m i n e n t , w i t h w h i t e fibres r a d i a t i n g 
t h r o u g h i t to rise and expand u p o n the w a l l s 
o f the lobes. T h e opt ic lobes have almost 
coalesced i n the S tu rgeon , fig. 274 , o , P o l y 
p te rus , L e p i d o s i r e n , A m b l y o p s i s , and L o a c h 
(Cobitis). W h e r e t h e y are q u i t e d i s t i nc t 
e x t e r n a l l y , as i n mos t Osseous Fishes , t h e y 
are b r o u g h t i n t o m u t u a l c o m m u n i c a t i o n b y one 
or t w o commissures ; the an te r io r ' commissura 
t r ansve r sa ' is t he most cons t an t ; i t is s h o w n 
i n the P e r c h , fig. 182 , a n d i n t h e H e r r i n g , 
fig. 184, s; i t passes i n f r o n t o f the e n t r y t o 
the t h i r d . v e n t r i c l e . 

I n the M y x i n e and L e p i d o s i r e n the p r e p y r a m i d a l fibres c u r v e 
sudden ly f o r w a r d and u p w a r d before e x p a n d i n g i n t o t h e 
floor and sides o f the t h i r d v e n t r i c l e , a n d t h e y thus f o r m a 
sma l l p ro tuberance beneath the basis o f the op t i c lobes, fig. 
186, n. I n the S h a r k the same co lumns s w e l l o u t l a t e r a l l y , 
and f o r m t w o s m a l l protuberances , fig. 187, n, separated b e l o w 
b y the vascular ( h y p o p h y s i a l ) floor o f t h e t h i r d v e n t r i c l e . I n 
most Osseous Fishes the corres
p o n d i n g fibres o f t h e p r e p y r a m i 
da l t rac ts s w e l l o u t sudden ly , be
nea th the op t ic lobes, i n t o t w o 
p r o t u b e r a n t w e l l - d e f i n e d o v a l 
gangl ions ( ' h y p o a r i a , ' fig. 185, n, 
fig. 1 8 1 , e ) : t h e i r b u l k is increased 
b y added g r e y m a t t e r , w h i c h 
variegates t h e i r ou t e r s u r f a c e ; 
t h e y are w e l l developed i n t h e 
c o m m o n C o d , i n w h i c h , as i n some 
o the r fishes, t h e y c o n t a i n a c a v i t y ( h y p o a r i a n v e n t r i c l e ) . I n some 
Salmonidce t h e i r surface is s t r i a t e d ; i n some Cyprinidce ( T e n c h ) 
t h e y are c o n f l u e n t ; b u t c o m m o n l y t h e y are d i s t i n c t , a n d have i n 
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Herring 
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t h e i r i n f e r i o r interspace a vascular m e d u l l a r y depressed sac ( the 
' haematosac,' fig. 185, o), u s u a l l y o b l o n g , as i n the C o d , r a re ly 
b i f i d or c o r d i f o r m , as i n the L u m p f i s h . These prominences f r o m 
the floor o f the mesencephalon, pos ter ior to the i n f u n d i b u l u m and 
hypophys i s , i b . p, are pecul ia r t o the b r a i n o f fishes, and, i n t he i r f u l l 
developement , are r e s t r i c t ed to the t y p i c a l osseous member o f the 
class ; t h e y are absent i n the lowes t , a n d disappear i n the highest 
o rde r s ; t h e y are mere r u d i m e n t s , or are w a n t i n g , i n the P o l y 
p te rus , as i n the s t i l l more a m p h i b i o i d L e p i d o s i r e n . 

T h e t r u e vasculo-membranous i n f u n d i b u l a r d o w n w a r d p ro 
longa t ion o f the t h i r d v e n t r i c l e exists i n a l l Osseous Fishes, and 
extends f r o m the an te r io r angle o f t h e hypoa r i a , where these 
e x i s t : the i n f u n d i b u l u m is c o m m o n l y shor t and t h i c k , so tha t the 
hypophys is is almost sessile, as i n the C o d ; b u t i n the L o p h i u s , 
the i n f u n d i b u l u m is l onge r t h a n the en t i r e b r a i n , and the hypo
physis lies a t the f o r e - p a r t o f the c r an i a l c a v i t y , f a r i n advance o f 
the cerebral lobes. 1 I n the C o d the hypophys i s , fig. 185, p, is a 
subspherical mass, w i t h an i r r e g u l a r or s l i g h t l y nodula ted surface, 
a lmost h a l f the size o f the h u m a n , so ca l led , ' p i t u i t a r y g land, ' 
and i l l u s t r a t i n g the vast p r o p o r t i o n a l size o f th i s constant 
appendage to the b r a i n o f Fishes. I n the L e p i d o s i r e n the i n f u n 
d i b u l u m is w i d e , and the hypophys i s a w h i t e flattened discoid 
b o d y , fig. 186, o. 2 I n a l l F ishes i t is r i c h l y supp l i ed w i t h vessels, 
and is closely a t tached to the floor o f the c r a n i u m ; b u t , a l though 
i t s ea r ly developement checks or modi f i e s t h a t o f the cranial 
vertebrae, i t is n o t p r o v i d e d w i t h a special chamber or * sella.' 
T h e pro longa t ions o f the fibres f r o m t h e mesencephalon w h i c h 
expand i n t o the prosencephalic or p rope r cerebra l lobes ra re ly 
show any p r e l i m i n a r y deve lopement o f ' t h a l a m i ; ' b u t the parts 
homologous w i t h those r e c r u i t i n g gang l i a are cons tan t ly indicated 
b y the a t t achment o f the c o n a r i u m , o r uppe r p r o l o n g a t i o n o f the 
t h i r d ven t r i c l e . 

T h e cona r ium, figs. 175, 186, 187, ?r, is as constant an append
age o f the encephalon i n Fishes as the hypophys i s ; b u t i t is com
m o n l y o n l y a vasculo-membranous p y r a m i d a l sac con t inued f r o m 
the t h i r d v e n t r i c l e , t he base e x p a n d i n g f r o m b e t w e e n the anterior 
interspace o f the op t ic lobes, and t h e apex d i r ec ted f o r w a r d and 
at tached to the r o o f o f the c r a n i u m . Some m e d u l l a r y mat te r 
ming les w i t h the membranous wa l l s o f t h e c o n a r i u m i n the 
C l u p e o i d and C y p r i n o i d F i s h e s : i n some Fishes there is g r e y 
m a t t e r i n the c o n a r i u m : i n most i t is membranous o n l y , as i n the 

1 LX. p. 56, t. i i . fig. l . 
2 The hypophysis is marked g in xxxiii . pi. 27, fig. 4; and is called « mammillary 

body' in Lepidosiren annectens, ib. p. 361. 
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L e p i d o s i r e n , S tu rgeon , and S h a r k : i n a l l i t is h i g h l y vascular . 
I n the B r e a m the c o n a r i u m shows an analogous p e c u l i a r i t y t o 
t h a t o f the hypophys i s i n t h e A n g l e r , v i z . i n the l e n g t h a n d 
t e n u i t y o f i t s a t t a c h m e n t ; b u t th i s consists o f t w o d i s t i nc t c ru ra . 
T h e va lue o f the constancy o f the hypophys i s and cona r ium con
sists ch i e f ly i n t h e i r m a r k i n g the b o u n d a r y l i n e be tween the mes-
and pros-encephala, a l t h o u g h t h e y be long to the mesencephalon, 
and are b o t h essential ly v e r t i c a l p ro longat ions o f the t h i r d v e n 
t r i c l e t h r o u g h an interspace p roduced b y the d i v a r i c a t i o n o f the 
m a i n l a t e ra l columns o f the encephalon. 

T h e f a sc i cu l i con t inued f o r w a r d f r o m the parietes o f the t h i r d 
v e n t r i c l e or mesencephalic basis, are p r i n c i p a l l y those w h i c h m a y 
be t raced back t h r o u g h the epencephalon t o the an te r io r a n d 
l a t e ra l m y e l o n a l t rac ts , augmented b y fibres f r o m the g r e y centres 
or lobes t h r o u g h w h i c h t h e y have passed, and r e t a i n i n g a sma l l 
a d m i x t u r e o f p o s t - p y r a m i d a l fibres f r o m the op t ic s ep tum, 
fig. 184, r. I n Osseous Fishes the t w o cerebra l c r u r a , so c o n 
s t i t u t ed , r a r e l y undergo any en la rgement , homologous w i t h t h e 
' t h a l a m i , ' whe re t h e y f o r m t h e an te r io r b o u n d a r y o f the t h i r d 
v e n t r i c l e ; b u t a f t e r a v e r y b r i e f course, as ' c r u r a ce rebr i , ' fig. 178, 
x, radia te i n t o t w o smal l subspher ical ' prosencephalic ' masses o f 
g r e y ma t t e r , i b . P , s i tua ted an te r io r t o the opt ic lobes, a n d there 
i n g rea t p a r t t e rmina t e . A f e w o f the m e d u l l a r y fibres e x t e n d 
a long the base o f the prosencephalon, receive a smal l t r a c t o f i t s 
g r e y ma t t e r , converge t o the an te r io r interspace o f i t s lobes, and 
e i ther expand there i n t o e rh inencephala , ' figs. 174, 175, 186, i t , 
or are con t i nued f o r w a r d and o u t w a r d , as ' rh inencepha l ic c ru ra , ' 
figs. 178, 187, z, t o f o r m t h e o l f a c t o r y lobes or gang l i a , i b . E , 
a t some distance f r o m t h e b r a i n . A l t h o u g h the prosencephal ic 
lobes are c o m m o n l y i n contact w i t h the op t i c lobes, y e t some th ing 
analogous to the d isplacement o f the rh inencepha lon m a y be seen 
i n the prosencephalon o f the Chimsera, i n w h i c h the ce rebra l 
c ru ra , fig. 179, b, advance some w a y be fo re t h e y e x p a n d i n t o t h e 
prosencephala, P : i n t h e P lag ios tomes , also, t he prosencephal ic 
c ru ra , fig. 187, x, have a shor t i ndependen t t r a c t i n advance o f 
the op t ic lobes. 

T h e prosencephala, figs. 177, a, 180 and 182, c, 183, a, b, i n 
o ther figs. P, are d i s t i n g u i s h e d f r o m t h e op t i c lobes b y t h e i r 
g r e y p i n k i s h ex t e r io r , and , g e n e r a l l y , also b y t h e i r fissured 
o r n o d u l a t e d surface. T h e first o f these characters m u s t be 
l o o k e d f o r i n recen t fish: the second is more pe rmanen t . 1 W i t h 

1 xx. vol. iii. it may be seen in preparations of the brain of the Eel (Anguilla acuti-
rostris, No. 1309, B) ; of the Lump-fish (Cyclopterus, No. 1309, C ) ; of the Gurnard 
(Trigla lyra, No. 1309, D ' ) ; and especially in this specimen of the brain of the Cod 
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Brain of Lepidosiren 

r e g a r d to the ' c e r e b r u m ' o f the C o d , a med ian t r a c t or con
v o l u t i o n is m a r k e d o f f b y a l o n g i t u d i n a l f issure , w h i c h extends 
a long the back o f each prosencephalon, d e f i n i n g a poster ior and 
i n f e r i o r c o n v o l u t i o n ; the med ian c o n v o l u t i o n is v e r t i c a l l y fissured 
o n i t s i n n e r side. I n the A m b l y o p s i s , fig. 175, p , i t is c l e f t 
a n t e r i o r l y ; and here , as i n most fishes, t h e med ian l o n g i t u d i n a l 
t r a c t is t he mos t constant subd iv i s ion o f t h e prosencephalic 
superficies. 

T h e la rge elongated prosencephala are smooth i n Chimaera, 
fig. 179, P, P o l y p t e r u s , and L e p i d o s i r e n , fig. 186, P, and i n the 

l g 6 s t i l l more developed conf luent mass 
i n the Sharks , fig. 187, P ; the 
prosencephala are, also, smooth i n 
t h e M y x i n e s , w h e r e t h e y are rela
t i v e l y smallest . T h e comparative 
anatomists , w h o have fa i l ed to 

recognise the t r u e h o m o l o g y o f the prosencephalon i n Osseous 
Fishes , appear to have been m i s l e d c h i e f l y b y i t s smal l propor t ional 
size, w h i c h is c o m m o n l y t h a t e x h i b i t e d i n the b r a i n o f the Cod, 
the C a r p , and the G l o b e - f i s h ; i n some species the prosencephalon 
is even smal ler , as i n the G a r - f i s h , t h e H e r r i n g , or the L u m p - f i s h . 
T h e prosencephalon equals the ce r ebe l l um i n size, b u t is less than 
the op t ic lobes i n the P e r c h and B r e a m ; i t equals the opt ic lobes, 
b u t is less t h a n the ce rebe l lum, i n the E e l ; i n the Stickleback 
and G u r n a r d the prosencephalon exceeds t h e cerebel lum, s t i l l 
more so i n the Lep idos t eus , b u t is less t h a n the opt ic lobes ; i n the 
L u c i o p e r c a , the A m b l y o p s i s , the Chimaera, and the Skate, neither 
the ce rebe l lum n o r the op t ic lobes are so la rge as the prosence
pha lon ; i n the la rge Sharks t h e i r u n i t e d size scarcely equals that 
o f the prosencephalon; and i n the Sa lamandro id P o l y p t e r u s and 
the L e p i d o s i r e n the prosencephalic lobes surpass a l l the rest o f 
the b r a i n , and v ind ica te t h e i r t r u e ce rebra l character and impor
tance. I n the A m b l y o p s i s t h e r e l a t i v e m a g n i t u d e o f the prosen
cephalon is due to the d i m i n u t i o n o f the op t i c lobes i n tha t b l i n d 
fish; i n the Plagios tomes i t is due to absolute deve lopement ; as i t 
i s , also, i n the P o l y p t e r u s a n d L e p i d o s i r e n , w h e r e the prosence
pha lon presents the closest s i m i l a r i t y i n f o r m a n d s t ruc tu re to that 
d i v i s i o n o f the b r a i n i n the B a t r a c h i a n R e p t i l e s : each lobe, for 

(No. 1309), which Hunter truly, though briefly, describes as follows :—"The cerebrum 
fissured; the cerebellum a long projecting body, also fissured in a less degree; the 
nates two projecting bodies: the optic nerves decussate one another." This is the 
earliest recognition of the homology of the optic lobes with the anterior of the bigemi
nal bodies of the human brain. 
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example , is e longated i n the axis o f the s k u l l , and is o f a sub-
compressed o v a l f o r m , and has a l a rge ' l a t e r a l v e n t r i c l e ' i n i t s 
i n t e r i o r i n the L e p i d o s i r e n , fig. 186, I v. I n the Skate , the pros
encephala coalesce i n t o a subdepressed t ransverse ly e longated 
mass, t h e i r essential d i s t i n c t i o n b e i n g ind ica ted b y a mere super
ficial med ian fissure; i n Carcharias , fig. 187, the prosencephalon 
f o r m s an almost g l o b u l a r mass, w i t h scarcely a t race o f a med i an 
fissure. A m o n g b o n y fishes the 
prosencephal ic lobes are more 
or less conf luen t i n Lucioperca 
sandra, Trachinus draco, Sar
ins, Mullus, Scomber trachinus, 
Belone, Clupea harengus, and 
Clupea sprattus; t h e y appear 
d i s t i n c t s y m m e t r i c a l spheroids 
i n most o ther fishes, t h e i r u n i o n 
being; reduced to a smal l t rans-
verse m e d u l l a r y band (prosencephal ic commissure ) . 1 T h e s y m 
m e t r i c a l character o f the prosencephala, as o f the op t i c lobes, is 
w a n t i n g i n mos t Pleuronectidce. 

T h e g r e y vascular neu r ine f o r m s the greatest p a r t o f t h e p ros 
encephalon i n m o s t Osseous F i shes ; the w h i t e fibres radia te t h r o u g h 
t h i s , and r a r e l y appear o n any p a r t o f the ex t e r i o r su r f ace ; t h e 
w h i t e substance, however , predominates i n t h e Plagios tomes a n d 
L e p i d o s i r e n . A s a r u l e , t he prosencephalic lobes are s o l i d ; b u t 
the b r a i n o f Carcharias2 shows a deep v e n t r i c u l a r fissure a t t h e 
an t e r io r and u n d e r p a r t o f the prosencephalon, w i t h a vascular 
f o l d o f membrane or ' c h o r o i d p l e x u s ' p e n e t r a t i n g t h e fissure, 
w h i c h is con t i nued f o r w a r d i n t o the crus o f the o l f a c t o r y lobe . 
T h e l a t e r a l v e n t r i c l e is more ex tens ive i n the L e p i d o s i r e n , a n d is 
con t i nued d i r e c t l y i n t o the o l f a c t o r y lobe . 

T h e e rh inencepha lon ' figs. 1 7 3 — 1 7 6 , R, consists o f t w o a lways 
d i s t inc t lobes o f g r e y m a t t e r , w h i c h receive t h e p ro longa t i ons 
o f ch ie f ly w h i t e fibres f r o m t h e prosencephalon a n d i t s c r u r a , a n d 
g ive off" t h e nerves t o t h e o l f a c t o r y capsule, whence t h e y are 
t e r m e d e o l f a c t o r y lobes, ' e t ube ra , % or ' gang l i a . ' T h e r h i n e n c e -
phala are so l id bodies, a lways d i s t i nc t , w i d e apar t f r o m each o the r 
w h e n remote f r o m , and i n m u t u a l contac t w h e n near t o , t h e res t 
o f t he b r a i n , b u t never u n i t e d b y a commissure . T h e r h i n e n c e -

1 Carus well recognises the homology of this commissure with that of the corpus 
striatum, called ' anterior commissure' in the human brain, i . p. 24. 

2 (No. 1310, A ) , xx. vol. i i i . 
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phal ic c ru r a , figs. 1 7 1 , 175, 178, 187, z, v a r y exceeding ly i n l eng th . 
I n the L e p i d o s i r e n , fig. 186, t h e y are f e e b l y i nd i ca t ed b y a con
t inuous i n d e n t a t i o n c i r c u m s c r i b i n g the base o f the rh inencephalon, 
E , and d e f i n i n g i t f r o m t h e an t e r io r end o f each prosencephalic 
lobe, P ; i n P o l y p t e r u s and Lep idos teus the i n d e n t a t i o n is deeper, 
and t h e a t t achment o f the base o f t h e n o w p y r i f o r m rhinence
pha lon , fig. 174, E , s inks to t h e p r o l o n g e d crus or basis o f the pros
encephalon. F r o m th i s s u b s t r a t u m t h e rh inencepha l ic c rura are 
p r o l o n g e d i n a l l Osseous F i s h e s : i n some t h e y are so short t ha t the 
rh inencephala are p a r t l y ove r l apped b y t h e prosencephala ( Trigla), 
or rise i n t o v i e w i m m e d i a t e l y i n f r o n t o f t h e m {Amblyopsis, 
Anguilla, fig. 176, E , Cottus, Cyclopterus) ; b u t i n m a n y fishes the 
rh inencephala are developed f a r i n advance o f t h e rest o f the 
b r a i n , and t h e i r c r u r a are p r o l o n g e d close to t h e o l fac to ry cap
sules. T h i s has l e d to a den ia l o f t h e existence o f o l f ac to ry lobes 
i n such fishes; b u t the rh inencepha la are t r u l y present i n both 
the C o d and C a r p , fig. 178, E ; t h e y are m e r e l y r emoved to j u x t a 
pos i t ion w i t h the o l f a c t o r y capsules, w i t h a concomitant pro
l o n g a t i o n o f t h e i r c ru ra . These c r u r a , so p ro longed , i b . z, have 
been ca l led ' o l f a c t o r y n e r v e s ' b y those w h o , f a i l i n g to appreciate 
the t r u e h o m o l o g y o f the r emote c rh inencephala , ' have described 
t h e m as gang l ion ic swe l l ings o f the ends o f the o l f a c t o r y nerves. 1 

These gangl ions , w h e r e v e r s i tua ted , consist o f p roper nervous 
m a t t e r over and above the mere r a d i a t i o n or expansion o f the 
fibres o f t he so-called ' o l f a c t o r y nerves. ' T h e t r u e olfactory 
nerve qu i t s the rh inencepha lon as a p l e x i f o r m chord , or as a group 
o f d i s t i nc t fibres. I f t he t h i c k o l f a c t o r y ne rve o f the G u r n a r d be 
compared w i t h the t h i c k rh inencepha l ic crus o f the Skate , or i f the 
l o n g o l f a c t o r y ne rve o f t h e E e l be compared w i t h the l o n g r h i n 
encephalic crus o f the C h u b , fig. 177, k, t h e i r respect ive difference 
o f s t r uc tu r e w i l l be r e a d i l y appreciated. T h e crus is a compact tract 
o f m e d u l l a r y w i t h a sma l l p r o p o r t i o n o f g r e y m a t t e r ; the nerve 
is a b u n d l e o f ne rve filaments: t he m e d u l l a r y t r a c t o f the crus 
is fibrous, b u t the fibres are as fine as i n the crus cerebri , and 
m u c h more numerous and less easily separable t h a n i n the true 
o l f a c t o r y ne rve . I n t h i s there is no g r e y t r a c t : i t consists w h o l l y 
o f compara t ive ly la rge and r e a d i l y separable w h i t e fibres, which 
radiate a t once u p o n the o l f a c t o r y capsule ; t he divergence and 
r ad i a t i on o f the t r u e end o f the o l f a c t o r y ne rve is w e l l seen i n 
the L e p i d o s i r e n , fig. 186, l , oh I n Sharks a v e n t r i c l e is cont inued 
to each rh inencepha lon a long i t s crus f r o m the prosencephalon. The 

1 Camper, L X I . p. 95; Cuvier, x x m . p. 321. 
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o l f a c t o r y n e r v e never f o r m s a g a n g l i o n before spreading u p o n 
the o l f a c t o r y capsu l e ; t h e rh inencepha l ic crus , w h e n p ro longed 
to the capsule, a lways expands i n t o a ' t u b e r c u l u m o l f a c t o r i u m , ' 
o r r h inencepha lon , be fo re i t t r ansmi t s the t r u e o l f a c t o r y nerves to 
the capsule. I n o ther words , the o l f a c t o r y ne rve conveys i m 
pressions to a p rope r centre or lobe , w h i c h , i n Fishes , m a y be 
s i tua ted close t o t h e capsule, or close to the res t o f the b r a i n , 
and the l e n g t h o f i t s crus w i l l be i nve r se ly as t h a t o f the nerve . 
T h e o l f a c t o r y lobes or. rh inencephala are se r ia l ly homologous w i t h 
the op t ic lobes. A s to the prosencephalon, since th i s does n o t 
i m m e d i a t e l y receive or t r a n s m i t any nerve , i t resembles i n t h i s 
i m p o r t a n t character the ce rebe l lum, and proceeds, even i n the 
present class, t o be developed to a degree b e y o n d the gangl ions 
o f any special nerves or organs o f sense. 

T h e more special h o m o l o g y o f the prosencephalic lobes, 
under t h e i r n o r m a l p ropor t ions and so l id s t r uc tu r e i n Osseous 
Fishes, w i t h the par ts o f the complex and f u l l y developed prosen
cephalon i n M a m m a l s , w i l l be made man i fes t as w e t race the 
progress o f t h a t compl i ca t ion syn the t i c a l l y . C u v i e r h a d a l ready, 
b y the opposite course o f analysis, reduced t h e hemispheres 
i n b i rds t o the ' corpora s t r ia ta , ' w i t h t h e i r commissures and a 
t h i n sup raven t r i cu l a r cove r ing . ( L e corps cannele, ' he says, 
' f o r m e a l u i seul presque t o u t l ' hemisphere . ' 1 B u t he f a i l e d 
to recognise the h o m o l o g y o f the prosencephala i n Fishes . 
Since A r s a k i ' s t i m e 2 t h e i r h o m o l o g y w i t h the cerebra l lobes o f 
R e p t i l e s , B i r d s , a n d M a m m a l s has been g e n e r a l l y recog
nised. G i r g e n s o h n 3 says t h e y m a y w e l l be compared w i t h 
the f co rpora s t r i a t a ; ' b u t he notes the i m p o r t a n t d i f fe rence , 
t ha t , whereas these c t ransmiss ion g a n g l i a ' (durchgangsknoten) 
g ive passage to the r a d i a t i n g fibres o f t h e cerebra l c r u r a i n 
t he i r course to o the r par ts o f the c e r e b r u m i n M a m m a l s , those 
fibres t e r m i n a t e i n t h e so l id prosencephala o f Fishes . T h e 
es tabl ishment o f the l a t e r a l ven t r i c l e s i n the prosencephala o f t h e . 
Plagiostomes a n d L e p i d o s i r e n also show t h e m to be some th ing 
more t h a n e co rpora s t r ia ta . ' 

I t n o w becomes i m p o r t a n t t o no te the mode o f es tabl ishment 
o f these ce reb ra l ven t r i c l e s : t h e y are n o t f o r m e d b y the super-
add i t i on o f a l a y e r or film o f n e u r i n e o v e r l a p p i n g par ts answerable 
to the so l id hemispheres i n o ther F i shes , b u t are e i the r c e n t r a l 
excavat ions, as i n t h e e longated prosencephala o f the L e p i 
dosiren, fig. 186, Iv. o r t h e y are deep fissures t o w a r d s the unde r 
pa r t , as i n t h e coalesced hemispheres o f t h e S h a r k ; whence I 

1 CO. t. i i . 1799, p. 162. 2 Lin. 1813. s L X I I I . p. 155. 
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conclude t h a t the so l id prosencephalon o f Osseous Fishes is not 
a mere representa t ive o f a basal g a n g l i o n f o r m i n g the floor o f the 
v e n t r i c l e o f the hemispheres i n the h i g h e r Ver t eb ra t e s , where such 
g a n g l i o n is a m e d i u m o f t ransmiss ion or source o f accession to 
the cerebra l fibres; b u t t h a t t h e fish's prosencephalon is the seat 
o f the t e r m i n a l expansion o f t h e r a d i a t i n g m e d u l l a r y fibres o f the 
cerebra l c ru ra . D i s sec t ion o f t h e recen t b r a i n shows, as i n 
fig. 178 , P , t h a t these fibres, besides b e i n g b l ended w i t h grey 
ma t t e r , as i n the corpora s t r i a ta , are t h i c k l y covered w i t h a 
l aye r o f the same g r e y and h i g h l y vascular n e u r i n e , o f w h i c h the 
hemispher ic convolu t ions i n M a m m a l s are c h i e f l y f o r m e d ; and i t is 
i n t e r e s t i n g t o perceive on the superf icies o f t h e sol id prosence
pha lon i n m a n y fishes the f o r e s h a d o w i n g o f t h e convolutions, 
w h i c h are n o t f u l l y established u n t i l an advanced Mammal i an 
grade is a t ta ined. T h e prosencephalon o f t h e fish is f a r f r o m 
b e i n g a m i n i a t u r e m o d e l , b u t i t m a y be regarded as the potent ial 
representa t ive , o f the complex cerebra l hemispheres o f man. 

T h e average p r o p o r t i o n a l w e i g h t o f t h e b r a i n t o the rest o f 
t h e body i n Fishes is as 1 to 3000 . I n a chub (Leuciscus Cy-
prinus) w e i g h i n g 842 scruples, t he b r a i n , exclus ive o f the olfactory 
lobes, w e i g h e d one s c r u p l e ; i n a carp ( C y p r i n u s Carpio), weigh
i n g 11,280 gra ins , t h e b r a i n w e i g h e d 14 g r a i n s ; i n a lamprey 
w e i g h i n g 750 gra ins , t he b r a i n w e i g h e d h a l f a g r a i n . A cer ta in size 
seems t o be essential t o the pe r fo rmance o f i t s f unc t ions , as a 
r e c i p i e n t o f t h e impressions f r o m t h e organs o f sense; and i t 
does no t , t he re fo re , v a r y i n d i f f e r e n t species so as to accord pre
cisely w i t h the genera l b u l k o f the body . T h e size o f the optic 
lobes, e.g. has a more constant and d i r e c t r e l a t i o n t o tha t o f the 
eyes, w h i c h soon acqu i re t h e i r f u l l deve lopement . W e find the 
en t i r e b r a i n p r o p o r t i o n a l l y grea ter i n y o u n g t h a n i n o l d fishes: 
i t acquires i t s f u l l size l o n g before t h e t e r m i n a t i o n o f the 
g r o w t h o f the fish, i f th i s has a fixed pe r iod . B u t as the 
head mus t g r o w w i t h the g r o w t h o f the fish, unde r the con
d i t ions o f i t s progressive m o t i o n , p r o v i s i o n f o r occupy ing the 
increas ing capaci ty o f the c r a n i u m is made b y a concomitant 
developement o f the l i g h t c e l l u l a r a rachnoid , w h i c h has the 
f u r t h e r advantage o f r e g u l a t i n g t h e specif ic g r a v i t y o f the head. 

A s the b r a n c h i a l r e sp i r a t i on is a p e c u l i a r l y ac t ive and i m 
p o r t a n t f u n c t i o n i n F ishes , and has an e x t r a o r d i n a r y apparatus of 
b o n y or g r i s t l y arches w i t h t h e i r muscles, w e m a y associate there
w i t h the pecul ia r developement and c o m p l e x i t y o f the medul la 
oblongata , as the centre o f the v a g a l or r e s p i r a t o r y nerves . The 
C a r p and other C y p r i n o i d F ishes , w h i c h have n o t the mechanical 
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modi f i ca t ions f o r r e t a i n i n g w a t e r i n contact w i t h the g i l l s , so 
character is t ic o f the A p o d a l , t he L o p h i o i d , and L a b y r i n t h i - b r a n c h 
fishes, are r e m a r k a b l e , nevertheless, f o r t h e i r t e n a c i t y o f l i f e o u t 
o f w a t e r ; a n d the p e c u l i a r l y deve loped v a g a l lobes m a y re la te to 
th i s maintenance o f t h e power o f the r e s p i r a t o r y organs d u r i n g a 
suspension o f t h e i r n a t u r a l actions. 

T h e extensive g r a d a t i o n o f the ce rebe l lum be tween the e x 
t remes o f s t r u c t u r e presented b y the M y x i n e and the Shark , 
as m i g h t be expected , t h r o w s more d i r ec t l i g h t u p o n i t s f u n c t i o n . 
W i t h r e g a r d t o t h i s , t w o v i ews have been t aken . A c c o r d i n g t o 
one i t is t he o rgan o f amat iveness ; accord ing to the o ther i t is 
t he seat o f the muscu la r sense, or the r e g u l a t o r o f v o l u n t a r y 
m o t i o n . M a n y exper iments i n w h i c h t h e ce rebe l lum has been 
m u t i l a t e d or r e m o v e d i n wa rm-b looded animals suppor t t h e idea 
o f i t s i n t i m a t e r e l a t i o n w i t h t h e locomot ive powers . B u t t o t h e 
conclusions f r o m these exper iments has been objec ted the pos
s i b i l i t y o f the convu l s ive muscu la r phenomena h a v i n g ar isen f r o m 
the s t imulus on the r e m a i n i n g centres, occasioned b y the m u t i l a t i o n 
or des t ruc t ion o f the one i n q u e s t i o n ; and i t m a y w e l l be doub ted 
w h e t h e r N a t u r e ever answers so t r u l y w h e n p u t t o the t o r t u r e , 
as she does w h e n speak ing v o l u n t a r i l y t h r o u g h her o w n e x p e r i 
men t s , i f w e m a y so c a l l the ab la t ion a n d a d d i t i o n o f par ts w h i c h 
compara t ive ana tomy offers t o ou r con templa t ion . 

I f , i n reference t o the sexual hypothes is o f the ce rebe l lum, w e 
cont ras t t he L a m p r e y w i t h t h e Sha rk , w e sha l l be l e d , b y t h e 
m u c h l a rge r p r o p o r t i o n a l size o f t h e genera t ive organs i n t h e 
l o w e r ca r t i l ag inous F i s h , and f r o m the observed f a c t o f the male 
and female L a m p r e y s e n t w i n i n g or w r e a t h i n g themselves e n t i r e l y 
about each o ther , m u t u a l l y a i d i n g i n t h e e x p u l s i o n o f t h e i r 
respect ive genera t ive p roduc t s , a n d so absorbed i n t h e passion as 
t o p e r m i t themselves t o be t a k e n o u t o f the w a t e r a n d rep laced 
there , w i t h o u t i n t e r r u p t i o n o f the act , t o expec t a l a r g e r cere
b e l l u m i n the L a m p r e y t h a n i n t h e Shark . B u t t h e v e r y r e 
verse o f t h i s is t h e f a c t : t h e L a m p r e y has the smallest , a n d 
the Sha rk the la rges t , c e r e b e l l u m i n t h e class o f F ishes . I f , 
on the o ther h a n d , w e compare t h e C y c l o s t o m e a n d P l a g i o -
stome C a r t i l a g i n o u s F ishes , i n re fe rence t o t h e i r modes a n d 
powers o f l o c o m o t i o n , w e sha l l find a con t ras t w h i c h d i r e c t l y 
accords w i t h t h a t i n t h e i r cerebel lar developement . T h e M y x i n e 
c o m m o n l y passes i t s l i f e as the i n t e r n a l parasi te o f some h i g h e r 
organised fish: t h e L a m p r e y adheres b y i t s suc to r i a l m o u t h 
t o a stone, a n d se ldom moves f a r f r o m i t s p l a c e : ne i t he r fish 
possesses pec to ra l o r v e n t r a l fins. T h e S h a r k , o n t h e c o n t r a r y , 
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una ided b y an a i r -b ladder , sustains i t s e l f a t t he surface o f the 
sea, b y v igorous muscu la r e x e r t i o n o f we l l -deve loped pectoral 
and caudal fins, soars, as i t we re , i n the uppe r regions o f its 
atmosphere, is p r o v e r b i a l f o r t h e r a p i d i t y o f i t s course, and sub
sists, l i k e the E a g l e , b y p u r s u i n g a n d d e v o u r i n g a l i v i n g p r e y : 
i t is the fish i n w h i c h the i n s t r u m e n t s o f v o l u n t a r y m o t i o n are 
best developed, a n d i n w h i c h the ce r ebe l l um presents i t s largest 
size and mos t complex s t r u c t u r e . A n d t h i s s t ruc tu re cannot be 
the mere concomi tan t o f a genera l advance o f the organisat ion to 
a h ighe r t y p e , f o r the s lugg ish R a y s , t h a t g r o v e l at the bo t tom, 
t h o u g h t h e y copulate , and have i n most o ther respects the same grade 
and t y p e o f s t r u c t u r e as the more ac t ive S q u a l o i d Plagiostomes, 
y e t have a m u c h smaller ce rebe l lum, w i t h a mere c ruc ia l i n 
den ta t ion instead o f t ransverse laminae. A m o r e decisive instance 
o f t h e r e l a t i o n o f the ce r ebe l l um to t h e p o w e r o f locomot ion is 
g i v e n b y the L e p i d o s i r e n i n w h i c h , w i t h a m o r e m a r k e d general 
advance o f organisa t ion t h a n i n the R a y or Shark , the cerebellum 
has no t r i sen above the s imple commissura l cond i t ion w h i c h i t 
presents i n the L a m p r e y ; the genera t ive sys tem, however , o f the 
L e p i d o s i r e n is as complex as i n the P lagios tomes , and is more 
ex t ens ive : b u t the fins are r educed to mere filaments, and the 
fish is k n o w n to pass h a l f the year i n a state o f t o r p i d inac t iv i ty . 
T h e ce rebe l lum is la rge i n the Chimsera, fig. 179, c. I n the heavy 
laden gano id fishes, t he ce r ebe l l um is smal ler t h a n i n the ordinary 
Osseous Fishes : t h e i m b r i c a t e d a r m o u r o f dense enamelled bony 
scales m u s t l i m i t t he l a t e r a l in f l ec t ions o f t h e t a i l ; so w e find i n 

' P o l y p t e r u s the ce rebe l lum h a r d l y more developed t h a n i n L e p i d o 
s i ren , w h i l s t i n the somewhat more ac t ive and predaceous L e p i 
dosteus i t is the smallest o f a l l the segments o f the bra in . I n 
the g r o v e l l i n g Sturgeons the ce rebe l lum offers a grade o f develope
m e n t above t h a t i n the L e p i d o s i r e n . F i n a l l y , amongst the normal 
Osseous Fishes , the la rges t and h ighes t organised cerebel lum has 
been f o u n d i n the T u n n y , whose muscu la r sys tem approaches, i n 
some o f i t s phys ica l characters, most n e a r l y t o t h a t o f the wa rm
blooded classes. 

I f w e c o u l d enter t h e sensor ium o f the fish, a n d experience 
the k i n d o f sensations and ideas d e r i v e d f r o m the i n l e t o f the i r 
p e c u l i a r l y developed and enormous eyes, w e m i g h t be enabled to 
unders tand the office o f the pecu l i a r complex i t i e s o f their 
l a rge opt ic l obes : w i t h o u t such exper ience , w e can at best 
o n l y i n d u l g e i n vague con jec tu re f r o m the ana logy o f our o w n 
sensations. W e find, w h e n N a t u r e reduces the organs o f 
s igh t t o such m i n u t e specks as can g i v e b u t a feeble idea o f 
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the presence o f l i g h t , su f f i c i en t , perhaps, t o w a r n the A m b l y 
opsis t o r e t r ea t t o the da rke r recesses o f i t s subter ranean 
abode, t h a t the op t i c lobes are n o t reduced i n the same p r o p o r t i o n , 
b u t r e t a i n a f o r m and size, w h i c h , as compared w i t h t h e i r homo
logues i n o ther animals , are s u f f i c i e n t l y r emarkab le to suggest a 
f u n c t i o n over a n d above t h a t o f r e c e i v i n g the impressions o f 
v i s u a l spectra, and f o r m i n g the ideas consequent thereon . 

T h e ana tomica l c o n d i t i o n o f the prosencephalon, and i t s 
h o m o l o g y w i t h the hemispheres o f the bi rd ' s b r a i n , expe r imen ted 
o n b y F l o u r e n s , 1 w o u l d lead to the b e l i e f t h a t i t was i n t h i s 
d i v i s i o n o f the fish's b r a i n t h a t impressions become sensations, and 
t h a t here was the seat o f d i s t i nc t and tenable ideas : o f such, f o r 
example , as teach the fish i t s safest l u rk ing -p l ace s , and g i v e i t t h a t 
degree o f cau t ion and d iscernment w h i c h requ i res the s k i l l o f the 
prac t i sed angler t o overmatch . I f d i f f e r e n t par ts o f the prosence
pha lon were special seats or organs o f d i f f e r e n t psych ica l phenomena , 
such phenomena are s u f f i c i e n t l y d ive r s i f i ed i n the class o f F ishes , 
and are so energe t i ca l ly and e x c l u s i v e l y mani fes ted , as t o j u s t i f y the 
expec ta t ion , o n t h a t phys io log i ca l hypo thes i s , o f co r re spond ing 
modi f i ca t ions i n the f o r m and developement o f the homologues o f 
t h e cerebra l hemispheres. Some species, as, f o r example , t he 
S h a r k a n d P i k e , are p r eda to ry and ferocious : some, as the A n g l e r 
a n d the Skate , are c r a f t y : some, as the S w o r d - f i s h a n d S t i c k l e 
back , are combat ive : some, as the C a r p and B a r b e l , are peace fu l , 
t i m i d b r o w s e r s : m a n y fishes are social, especial ly a t t he season 
o f o v i p o s i t i o n : a f e w are monogamous and Copula te ; s t i l l f e w e r 
n i d i f i c a t e and incuba te t h e i r ova. 

N o w , i f w e compare the prosencephala o f the S h a r k a n d P i k e , 
fishes e q u a l l y sangu ina ry a n d insa t iable , a l i k e unsociable , t h e 
t y r a n t s r e spec t ive ly o f the sea a n d l ake , w e find t h a t those par t s 
o f t he b r a i n d i f f e r more i n shape, i n r e l a t i v e size, and i n s t ruc 
t u r e , t h a n i n a n y t w o fishes. T h e prosencephalon o f t h e P i k e 
is less t h a n the ce rebe l lum, m u c h less t h a n the op t i c lobes ; i n 
the Sha rk i t exceeds i n size a l l t he res t o f the b r a i n : i n the P i k e , 
the prosencephalon consists o f t w o d i s t i n c t lobes b r o u g h t i n t o 
c o m m u n i c a t i o n only 1 b y a slender t ransverse commissure ; i n t h e 
Sha rk , the hemispheres are i n d i s t i n g u i s h a b l y b l ended i n t o one 
la rge subg lobu la r mass. I f w e compare the prosencephala o f t h e 
P i k e w i t h those o f t h e C a r p , w e find t h e m n a r r o w i n t h e de-
vou re r , b r o a d i n the p r e y . 

T h e L o p h i u s l u r k s a t t he b o t t o m , h i d d e n i n t h e sand, w a i t i n g , 
l i k e t h e Ska t e , f o r i t s p r e y to come w i t h i n t h e reach o f i t s j a w s ; 

> ; 1 LXIV; 
VOL. I . U 



290 ANATOMY OF VERTEBRATES. 

the d i f ference i n the shape, size, and s t r u c t u r e o f t h e i r prosence
phala is h a r d l y less t h a n t h a t be tween the Sha rk and P i k e . T h e 
combat ive S t i ck l eback has l onge r and n a r r o w e r prosencephala 
t h a n the c o w a r d l y G u d g e o n . T h e n i d i f i c a t i v e and ph i lo -p ro -
gen i t i ve Callichthys has ne i the r the an te ro- la te ra l no r the posterior 
regions o f the ce r eb rum more developed t h a n i n b o n y fishes 
genera l ly . 

§ 53 . Myelencephalon of Reptiles.—The perennibranchia te B a 
t rach ia lead s lugg i sh l ives i n swamps and p o o l s ; t h e i r senses are 
as l i t t l e developed as those o f the L e p i d o s i r e n , and t h e i r mus
cu la r movements are perhaps even more r e s t r i c t ed : hence, i f the 
cerebra l lobes seem t o preponderate , i n p r o p o r t i o n t o other parts 
o f t he b r a i n , over the prosencephalon o f Osseous Fishes, i t is 
r a the r b y contras t w i t h the r u d i m e n t a r y c o n d i t i o n o f the mes- and 
ep-encephala t h a n i n the r e l a t i ve size o f the prosencephalon to the 
en t i re body . 

I n a N e w t , w e i g h i n g 39 gra ins , t h e b r a i n weighs one-seventh 
o f a g r a i n : and i n the l a rge Sirens , A m p h i u m e s , and Menopomes, 
the p r o p o r t i o n o f the b r a i n t o the b o d y is less t h a n i n the 
N e w t s . 

T h e m e d u l l a ob longa ta s l i g h t l y expands ; t h e pos t -pyramida l 
a n d r e s t i f o r m t rac ts d ive rge and expose a l o n g and s imple * f o u r t h 
v e n t r i c l e , ' w i t h a m e d i a n fissure : t he convergence and confluence 
o f t he borders a t t h e f o r e p a r t o f the e c a l a m u s ' o f fe r a feeble 
r u d i m e n t o f ce rebe l lum. T h e op t i c lobe i n t h e A x o l o t l is a long 
e l l i p t i c a l b o d y , t w o - t h i r d s the b r e a d t h o f the epencephalon. A 
s l i g h t s w e l l i n g b e l o w gives o f f the s m a l l op t i c nerves, and is 
p roduced a n t e r i o r l y i n t o a vascular * h y p o p h y s i s ' : a l a rger pineal 
b o d y extends f r o m before the op t i c lobe u p o n t h e poster ior in ter 
space o f the cerebra l lobes, c o m p l e t i n g the mesencephalon, wh ich 
is the smallest o f t h e p r i m a r y d iv is ions o f the b r a i n . The 
cerebra l hemispheres, t w i c e the l e n g t h a n d b r e a d t h o f the optic 
lobe , are smooth a n d h o l l o w , l i k e those o f Lepidosiren. The 
o l f a c t o r y lobes are p y r i f o r m , w i t h t h e base sessile o n the fore 
and outer p a r t o f the hemispheres ; t h e n e r v e is shorter than i n 
Lepidosiren. T h e cerebra l ven t r i c l e s are Cont inued i n t o the 
o l f a c t o r y lobes. 

T h e smal l a n d s imple b r a i n m a y be w h o l l y r e m o v e d f r o m a 
t o r p i d ba t rach ian i n the w i n t e r season, the m e d u l l a oblongata 
i n c l u d e d , b y section o f the m y e l o n i n f r o n t o f t h e roots o f the 
second pa i r o f ce rv ica l n e r v e s ; and , nevertheless the animal 
surv ives m a n y weeks , p r e s e r v i n g the r e f l e x actions o f the m y e l o n 
and nerves, the c o n t r a c t i l i t y o f the m u s c u l a r fibre, and the 
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func t i ons o f organic l i f e . I n the act ive state o f the summer 
season, such m u t i l a t i o n is f o l l o w e d h y death i n one or t w o hours , 
r a r e l y more . 1 

I n serpents, t he ce rebe l lum, fig. 188, c, expands i n t o a depressed 
semic i rcular lobe d i r ec ted b a c k w a r d f r o m the confluence o f the 
r e s t i f o r m c r u r a and ove r l app ing the m a j o r p a r t o f the f o u r t h 
v e n t r i c l e , w h i c h appears as a shor t med ian fissure. T h e opt ic 
lobes, i b . b, n o w expanded 
to t h e b r ead th o f the cere
b e l l u m , show b o t h a l o n g i 
t u d i n a l and a transverse 
fissure, the l a t t e r crossing 
near the h inder border , and 
g i v i n g to th i s p a r t o f the 
b r a i n a close resemblance 
to i t s homologue the (bige
m i n a l bod ies 5 i n M a m m a l s . 
T h e opt ic lobes are h o l l o w : 
the cerebral c ru ra show 
s l i g h t enlargements , l i k e 
op t i c t h a l a m i , an ter ior t o 
the op t ic lobes, before ex
p a n d i n g i n t o t h e h e m i 
spheres. These are pressed 
i n t o close contact m e d i a l l y , 
and compose a prosence
pha lon nea r ly as b road as 
l o n g , and double the 
b read th and l e n g t h o f the 
mesencephalon. T h e ou te r 
surface o f the hemispheres 
is smooth , composed o f a 
t h i n l aye r o f vascular o r 
g r e y neu r ine . I n t o t h e i r 
c a v i t y or v e n t r i c l e a ' cor 
pus s t r i a t u m ' p ro jec t s f r o m 

the under and ou te r s i d e ; benea th o r mesiad o f w h i c h is a m i n o r 
p rominence . T h e sep tum, f o r m e d b y the t h i n mesia l w a l l o f 
each hemisphere , is pe r fo ra t ed f o r the passage o f a e c h o r o i d 
p l exus . ' T h e ven t r i c l e s are c o n t i n u e d f o r w a r d i n t o t h e o l f a c t o r y 

lobes, fig. 188, i ; each is m a r k e d o f f b y an o b l i q u e fissure f r o m 
t h e f o r e p a r t o f the hemisphere , w h i c h i t equals i n b r e a d t h ; 

1 CCI. 
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and a f t e r a short cu rve , resolves i t s e l f i n t o a close fasc iculus o f 
o l f a c t o r y nerves. 

I n the Lacertilia, t he eyes b e i n g r e l a t i v e l y larger 
and more ac t ive i n f u n c t i o n t h a n i n Serpents, the 
op t ic lobes, fig. 189, b, show cor responding increase 
o f p r o p o r t i o n a l size to o ther par ts o f the b r a i n . T h e 
ce rebe l lum, i b . c, is s t i l l smooth , depressed, semi
c i r cu l a r , and leaves m o r e o f the f o u r t h ven t r i c l e , e, 
exposed t h a n i n Python. T h e op t ic lobes cease to 
show the transverse fissure, and f o r m a pa i r o f hemi 
spher ical h o l l o w bodies. T h e cerebra l hemispheres, 
i b . a, f o r m an elongate o v a l b o d y , more contracted 
a n t e r i o r l y t h a n i n Python. T h e o l f a c t o r y lobes, i b . g, 

Brain of a Lizard (Lacerta are cont rac ted a t t h e i r j u n c t i o n w i t h the hemispheres 
viridis) upper • , ,1 i i n , i • i T 5 
view, ccxvi. m t o the resemblance o i 4 c r u r a rhmencepha l i . 

ldo 

Brain of Tortoise, base view. 
covin. 

/Mm 

Brain of Turtle (Chelone), upper view. 
CCXTI. 

I n the base v i e w o f the b r a i n o f the T o r t o i s e , g i v e n i n fio- 190, 
the absence o f « pons V a r o l i i ' and o f o l i v a r y o r p y r a m i d a l bodies 
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is shown i n the m e d u l l a oblongata , w h i c h is ind ica ted b y a s l i g h t 
t u m e f a c t i o n g i v i n g off" the fifth, 3,4, 5, 6, seventh, 7, e i g h t h , 8, a n d 
n i n t h pairs o f cerebra l n e r v e s : the t r a c t is bounded a n t e r i o r l y 
b y the hypophys i s cove r ing the o r i g i n o f the op t i c nerves. 
T h e c o n t i n u a t i o n o f the basal fibres o f the hemispheres, P, 
i n t o the rh inencepha lon , R, is shown. 

I n a side v i e w , the several p r i m a r y d iv is ions o f the che lonian 
b r a i n present the shapes and propor t ions shown i n fig. 192 , i n w h i c h 
c is the epencephalon, o , the mesencephalon, p the prosence
pha lon ; R, the rh inencephalon. T h e epencephalon inc ludes the 
m e d u l l a oblongata, w i t h the cerebe l lum. 

192 

Brain of a Turtle (Chelone), side view. ecu. 

I n the t u r t l e (Chelone, fig. 191) the ce rebe l lum, c, is s l i g h t l y 
raised b y the b r i s t l e , o, t o expose the f o u r t h v e n t r i c l e , h, i n w h i c h 
t h e sides o f the calamus r ise i n t o 6 t e r e t i a l t rac ts . ' T h e cere
b e l l u m is subelongate i n i t s f o r m , cons i s t ing o f an arched l a y e r 
o f neu r ine , smooth e x t e r n a l l y , o f equa l th ickness t h r o u g h o u t , 
w h i c h spreads over a p o r t i o n o f the v e n t r i c l e . T h e r ema inde r 
o f t h a t c a v i t y is covered b y a vascular p l e x u s , d e r i v e d f r o m 
the sides o f the m e d u l l a oblongata , w h i c h f o r m s a sor t o f v a l v e , 
and b y becoming u n i t e d t o t h e m a r g i n o f the c e r e b e l l u m , c o m 
pletes the r o o f o f the f o u r t h v e n t r i c l e , w h i c h is l a rge a n d p r o 
longed v e r y f a r back. T h e op t i c lobes, o , are smooth , sphe
r o i d a l bodies, o n a p lane i n f e r i o r t o t h e c e r e b e l l u m and cere
b r u m . E a c h lobe has i t s v e n t r i c l e , c*, w h i c h communica tes , as 
s h o w n b y t h e b r i s t l e , m, w i t h the f o u r t h v e n t r i c l e , and l i k e w i s e 
w i t h the t h i r d ; the * i t e r ' t o w h i c h m a y be seen b y d i v a r i c a t i n g 
t h e op t i c lobes, covered b y p i a ma te r r e f l ec t ed d o w n the in terspace , 
a n d b y a v e r y t h i n l a y e r o f neu r ine . F r o m t h e t h i r d v e n t r i c l e a 
canal , or * i n f u n d i b u l u m , ' is c o n t i n u e d d o w n to the h y p o p h y s i s , a n d 
ano ther u p w a r d to the * p i n e a l ' b o d y , w h i c h is p y r i f o r m , h o l l o w , 
a n d h i g h l y vascu la r : i t occupies t h e in terspace b e t w e e n t h e 
o p t i c , o , and cerebra l lobes, P. These f o r m t h e la rges t o f t h e 
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p r i m a r y divis ions o f the b r a i n , b u t r e t a i n the f o r m and character 
o f s imple smooth nodules . E a c h lobe has i t s ven t r i c l e , fig. 1 9 1 , 
p , con t a in ing a ' corpus s t r i a t u m , ' fig. 193, l , i n w h i c h 
the ' c r u s ce rebr i , ' fig. 194, l , p r i n c i p a l l y expands ; also a 
smaller ob long eminence connected w i t h t h e 4 t h a l a m i op t i c i , ' 
fig. 193, 2 ; and a t ransverse b o d y e x t e n d i n g a n t e r i o r l y to the 
mesencephalon f r o m t h e base o f one l a t e r a l v e n t r i c l e t o the 
other . T h e cho ro id p l exus is s h o w n i n t h e l e f t ven t r i c l e o f 
fig. 193. T h e o l f a c t o r y lobes, o f a p y r a m i d a l f o r m , have the i r 
base de f ined b y a fissure f r o m t h e hemispheres ; each has 
i t s v e n t r i c l e , fig. 1 9 1 , k, w h i c h communica tes w i t h the ' l a t e r a l ' 
one, P . 

T h e m y e l o n a l canal , fig. 1 9 1 , g, is c o n t i n u e d a long a l l the 
encephalic masses, i n w h i c h i t expands, and assumes the name 
o f ' ven t r i c l e s , ' t he n a r r o w e r i n t e r c o m m u n i c a t i n g canal being 
the ' i t e r . ' T h e ' f o u r t h ' o r epencephalic v e n t r i c l e is s ing le : the 
h y p o a r i a n ven t r i c l e s , i n fishes, f o r m a p a i r ; as do, l ikewise , 
the mesencephalic, prosencephalic , a n d rh inencepha l ic ventricles. 
T h e ' i t e r ' o r c o m m o n passage b e t w e e n t h e ep- mes- and pros
encephalic ven t r i c l e s , inc ludes t h e c a v i t y ca l led ' t h i r d v e n t r i c l e ' 
i n A n t h r o p o t o m y : t o w h i c h c a v i t y t h e mesencephalic ven
t r ic les are reduced b y the consol ida t ion o f t h e op t ic lobes i n 
M a m m a l s . 1 

T h e epencephalic o r ' f o u r t h ' v e n t r i c l e , exposed i n figs. 193, and 
194, c, shows t h e ' t e r e t i a l ' co lumns b o u n d i n g the ' c a l a m u s ' or 
med ian fissure: e x t e r n a l t o these are ' f u n i c u l a r ' and ' pre-
p y r a m i d a l t r a c t s : t he r e s t i f o r m co lumns , f o r m i n g the sides and, 
a n t e r i o r l y , t h e r o o f o f t h e v e n t r i c l e show g r e y and w h i t e striae 
o n t h e i r i n n e r s u r f a c e ; t h e c e r e b e l l u m is r e m o v e d f r o m thei r 
an te r io r u n i o n at 3, fig. 194. T h e mesencephalic base w h i c h 

1 The influence of the nomenclature of human anatomy, reflected downward upon 
the dawning structures of the lower animals which culminate in Man, is nowhere more 
obstructive to a plain and true indication of the nature of parts than in regard to those 
of the brain. The ventricles, for example, were indicated by numbers, or by position. 
But four of the primary ventricles, viz., the mesencephalic or optic pair, and the 
rhinencephalic or olfactory pair, which are present in the majority of vertebrates, are 
obliterated in Man; whilst the interspace of commissural lamellae, exceptionally deve
loped in the complex cerebrum of Man, and some higher Mammals, is made a ' fifth 
ventricle,' as if it were a structure of correlative significance and importance with the 
ventricles properly so called. Those cavities moreover in the human prosencephalon 
are specialized as ' lateral, being the only ventricles retaining the parial state which 
is shown by the mes- and rhin-encephalic ventricles in all oviparous Vertebrates. 
Whoever will carry out the application of neat substantive names to the homologous 
parts and structures of the encephalon, as they may be ascensively determined, will 
perform a good work in true Anatomy. 
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supports the op t i c lobes, is exposed f r o m above, b y t h e i r r e m o v a l , 
i n fig. 194, 2, s h o w i n g the con t inua 
t i o n o f the v e n t r i c u l a r c a v i t y t h r o u g h 
t h a t segment o f the b r a i n . T h e base 
o f the excised (corpus s t r i a t u m ' i n t o 
w h i c h the * crus c e r e b r i ' expands, is 
s h o w n at l , fig. 194. T h e p ro longa
t i o n o f the op t ic lobe crosses the 
cerebra l crus , e x t e r n a l l y , i n i t s w a y 
t o the opt ic t r ac t , fig. 195, d; a po r 
t i o n has been removed i n th i s figure 
to expose the crus cerebr i i n i t s ascent 
to the hemisphere. Th ree t racts o f 
neur ine m a y be t raced f r o m the pros
encephalon to the rh inencephalon , o f 
w h i c h the i n f e r i o r one is the most D i s s e c t i o n 3 o f a»e °f * Tume (Cheione). 
dis t inc t , fig. 190. 1 

I n the b r a i n o f the Crocodi le a m a r k e d advance is seen i n t h e 
r e l a t ive size o f the cerebra l lobes, especial ly i n r e g a r d to t h e i r 
b r ead th and he igh t p o s t e r i o r l y , g i v i n g a p y r i f o r m shape t o t h e 
prosencephalon; the op t ic lobes, also, are 
n o t i n f e r i o r i n b u l k to the cerebe l lum, and 
th i s body shows a transverse fissure on i t s 
ex t e r io r . T h e o l f a c t o r y lobes, w h i c h are 
s i tua ted near the hemispheres i n the n e w l y 
hatched Crocod i le , recede t h e r e f r o m , and 
advance, w i t h a p r o p o r t i o n a l p r o l o n g a t i o n 
o f the rh inencephal ic c ru ra . T h e op t ic 
lobe shows a convex b o d y p r o j e c t i n g i n t o 
the ven t r i c l e f r o m i t s pos ter ior w a l l , w h i c h 
b o d y is se r ia l ly homologous w i t h the * cor
pus s t r i a t u m ' i n the v e n t r i c l e o f t h e cere
b r a l hemisphere. I n o ther respects the 
b r a i n o f the Crocod i l e c losely confo rms w i t h t h a t o f t h e T u r t l e . 

W i t h t h e excep t ion o f t h e anourus B a t r a c h i a , t h e m y e l o n 
( sp ina l c h o r d ) is c o n t i n u e d i n t o the t a i l , g r a d u a l l y decreasing to a 
p o i n t , and is n o t reso lved i n t o a ' cauda equina . ' Such , indeed , 
is i t s c o n d i t i o n i n the tadpole state o f the f r o g s a n d toads ; b u t , 
w i t h the acqu i s i t i on o f the m a t u r e f o r m , the m y e l o n sh r inks i n 
l e n g t h , and te rmina tes m i d w a y be tween the f o r e a n d h i n d l i m b s , 
b e i n g resolved i n the f r o g , i n t o the th ree pai rs o f nerves w h i c h 

Dissections of the brain of a 
Turtle (Chelone). LIV. 

1 xx. vol. i i i . p. 22, No. 1312. 
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f o r m the sciatic, and i n t o a f e w filaments passing o n to the 
sacrum, fig. 208 , / . 

I n a l l Rep t i l e s there is an an te r io r and a pos ter ior l o n g i t u d i n a l 
fissure and a c e n t r a l canal d i l a t i n g i n t o the epencephalic ven t r i c le . 
T h e m y e l o n a l canal is su r rounded b y a t h i n l aye r o f g rey 
neur ine , and, i n L a c e r t i a n s and Crocodi l ians , i t extends as f a r as 
the first caudal v e r t e b r a : i n Oph id ians , w h i c h have the longest 
spinal chord , the canal is c o n t i n u e d to near t h e end, w h i c h 
goes as f a r as the p e n u l t i m a t e caudal . T h e enlargements 
g i v i n g o r i g i n t o the nerves o f the l i m b s are best m a r k e d 
i n Chelonia, o w i n g t o the r e l a t i ve slenderness o f the m y e l o n 
i n the t r u n k . I n the L i z a r d s and Crocodi les w i t h near ly 
equa l ly developed l i m b s , the more muscu la r t r u n k and t a i l 
demand a m y e l o n a l mass w h i c h renders the b rach i a l and i l iac 
enlargements less conspicuous. T h e r e are no p a r t i a l enlargements 
o f the m y e l o n i n Se rpen t s ; the nerves , as numerous as the 
vertebras, are g i v e n o f f a t shor t a n d r e g u l a r distances, as i n 
fig. 188, m. 

§ 54. Membranes of the Myelencephalon in Hcematocrya.—Both 
b r a i n and m y e l o n are i m m e d i a t e l y inves ted b y a t h i n b u t firm and 
vascular membrane , the ou te r surface o f w h i c h , i n most Fishes and 
m a n y R e p t i l e s , bears a s t r a t u m o f p igment -ce l l s b e l o n g i n g proper ly 
to the cen t r a l l aye r o f the a rachnoid , w h i c h has here coalesced 
w i t h the p ia mater . T h i s vascular membrane seems, therefore , to 
be co lou red w i t h d a r k po in t s , a n d sometimes t o be m i n u t e l y 
speckled u p o n a s i l v e r y g r o u n d ; a n d the p i g m e n t a l s t r a t um often 
accompanies the processes o f the p i a ma te r i n t o the ventr icles o f 
the b r a i n . T h e r e is c o m m o n l y a r e m a r k a b l e developement o f the 
vascular and p i g m e n t a l membrane over the f o u r t h , or epencephalic 
v e n t r i c l e ; i t is l a r g e l y developed i n t h e S t u r g e o n , and conceals 
the r u d i m e n t a l c e r ebe l l um i n the L e p i d o s i r e n . I n the A x o l o t l 
calcareous par t ic les are superadded t o t h i s c o v e r i n g o f the epen
cephalon. I n Osseous Fishes t h e c o m m o n l y considerable space 
be tween the b r a i n and c ran ia l wa l l s is occupied b y a pecul iar loose 
ce l lu la r s t r u c t u r e , filled b y gela t inous o r a lbuminous fluid, and by 
o i l y m a t t e r : i n the P e r c h a n d B r e a m i t seems to consist o f an 
aggregate o f m i n u t e spher ica l cells filled w i t h fine colourless 
o i l , t he mass b e i n g t raversed b y blood-vessels. C u v i e r 1 f ound 
the cells, w h i c h he compares t o a k i n d o f a rachnoid , filled b y a 
compact adipose ma t t e r i n the T u n n y a n d S tu rgeon . T h i s modi f i ed 

a rachnoid exists , b u t i n less q u a n t i t y , i n the sp ina l canal , and 

1 xxm, i . p. 309. 
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even accompanies the cerebra l nerves i n t h e i r e x i t f r o m the s k u l l 
i n some fishes w i t h l a rge ne rve - fo ramina . T h e r e is m u c h ce l l u l a r 
arachnoid above t h e cerebra l lobes i n the L e p i d o s i r e n . A l a rge 
arachnoid is a b u n d a n t l y in terposed be tween the d u r a ma te r and 
p ia mater i n the T u r t l e ( Chelone), where t w o l igaments converge 
f r o m the arachnoid a t the sides o f the epencephalon t o be a t tached 
to a car t i l ag inous tuberc le on the basioccipi ta l . A n u m b e r o f 
filamentary processes pass f r o m the space be tween the cerebra l 
and op t ic lobes to the arachnoid above, l i k e a r u d i m e n t a r y 
< f a l x . ' 

T h e p r i m i t i v e fibrous capsule o f the n e u r a l axis , the unoss i f ied 
or u n c h r o n d r i f i e d remains o f w h i c h , or o f i t s i n n e r l aye r , f o r m 
the so-called ' du ra mater , ' is most d i s t i nc t i n the low-organ i sed 
Dermopteri; i n the Plagiostomi i t is reduced to a f e w t h i n s h i n i n g 
aponeurot ic bands closely adherent t o the i n n e r surface o f t h e 
car t i laginous wa l l s o f the c r a n i u m and sp ina l c a n a l ; such traces 
o f du ra mate r are more feeble and i n d i s t i n c t i n Osseous F ishes , 
i n w h i c h no proper cont inuous fibrous membrane can be d is 
t i ngu i shed f r o m the i nne r per ios teum o f the wa l l s o f the cerebro
spina l c a v i t y : no cur ta ins o f d u r a mate r d i v i d e the cerebra l f r o m 
the acoustic compar tments o f the c r a n i u m i n the Osseous Fishes . 
T h e d u r a mater , as a d i s t i nc t fibrous membrane , l ines the c a v i t y 
o f the s k u l l and spinal c o l u m n i n Rep t i l e s . 

§ 55 . Nerves of Fishes.—First pair or Olfactory nerves. — T h e 
head is sho r t and obtuse i n the e m b r y o fish; t he gang l ion i c 
centres o f the o l f a c t o r y nerves are a lways o r i g i n a l l y developed 
i n close c o n t i g u i t y w i t h the prosencephalon; t h e y are p ro tec t ed , 
p r i m a r i l y , b y the rh inencepha l ic a r c h ; and , as t h i s advances 
i n the e longa t ion o f the s k u l l , and recedes f r o m the prosence
pha l ic arch, t w o modes o f g r o w t h t ake place i n the con ta ined 
nervous a x i s : e i ther the b r a i n is co-elongated, the r h i n e n c e 
pha lon r e t a i n i n g i t s p r i m i t i v e r e l a t i o n w i t h i t s ve r t eb ra , and t h e 
p ro longed c r u r a o c c u p y i n g the n a r r o w i n t e r o r b i t a l * t r a c t o f t h e 
c ran ia l c a v i t y , or the rh inencepha lon re ta ins i t s p r i m i t i v e j u x t a 
pos i t ion w i t h the prosencephalon, and t h e o l f a c t o r y nerves , figs. 
180—182 , o, 2 0 3 , o, are p r o l o n g e d t h r o u g h the i n t e r o r b i t a l space, 
per fora te or t raverse a n o t c h i n t h e p r e f r o n t a l s , and expand , as a 
resolved p l e x u s , u p o n the p i t u i t a r y p l i c a t ed sac. 

T h e rh inencepha lon accompanies i t s v e r t e b r a a n d recedes f r o m 
the rest o f t h e b r a i n i n Salmo, Cyprinus p rope r , Brama, Tinea, 
Gadus, Lota, Hippoglossus, Clupea, Belone, Lucioperca, Cobitis, 
Plectognathi, and Plagiostomi; i t r e ta ins i t s p r i m i t i v e c o n t i g u i t y 
w i t h the prosencephalon i n Perca, Scomber, Esox, Pleuronectes, 
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Blennius, Anguilla, Cyclopterus, Gasterosteus, Eperlanus, Cot-
tus, Trigla, Amblyopsis, 
Echeneis, t h e Ganoidei, 
a n d Lepidosiren. 

A s the crus o f the 
rh inencepha lon is f o r m e d 
n o t o n l y o f fibres con
t i n u e d f r o m the prosen
cephalon, b u t also, and 
i n some fishes ch ie f ly , o f 
d i s t i n c t w h i t e and grey 
t rac ts , t raceable along the 
base o f the mesencepha
l o n , i n p a r t as f a r back as 
the p r e p y r a m i d a l bodies, 
so the o r i g i n o f the olfac
t o r y ne rve has been de
scr ibed as characterised 
b y th i s c o m p l e x i t y and 
e x t e n t ; and i t is t rue 
t h a t i n some instances 
(e. g . i n the Perch) , 
w h e r e the rhinence
pha lon , figs. 180—182, 
i, is i n contact w i t h the 
prosencephalon, i b . c, a 
sma l l p o r t i o n o f the t rue 
o l f a c t o r y ne rve may be 
d i s t i n c t l y t raced back
w a r d as f a r as the mesen
cephalon : j u s t as we find 
i n some fishes (e. g . 
S t u r g e o n ) a p o r t i o n o f 
the op t i c ne rve traceable 
as f a r back as the cere
b e l l u m , a n d i n the E e l 
t o the h y p o a r i a , and not 
e x c l u s i v e l y t e r m i n a t i n g 
i n the o p t i c lobe . M o s t 
o f t he characteris t ics o f 
o r i g i n a n d course a t t r i 

b u t e d i n w o r k s o f Compara t i ve A n a t o m y to t h e o l f a c t o r y nerves 
are to be unders tood o f the ' c r u r a rh inencepha l i . ' I n the 
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Lance l e t the l i t t l e c i l i a t ed o l f a c t o r y sac is b r o u g h t i n t o close 
contact w i t h the rh inencepha l ic e x t r e m i t y o f the n e u r a l axis . 
W h e n the o l f a c t o r y lobe or gang l ion , i n o ther Fishes , is near 
the organ o f sme l l , as i n the C o d , fig. 196, o , i t sends o f f the 
nerves b y numerous v e r y shor t f a sc i cu l i . T h i s m u l t i p l i c i t y o f 
v i r t u a l o r ig ins o f the proper nerve is, less conspicuous w h e r e 
the rh inencepha lon is near the rest o f the b r a i n ; b u t a c a r e f u l 
analysis o f the l o n g o l f ac to ry nerve i n the E e l , fig. 176, w i l l 
show t h a t i t is a fasciculus o f filaments d i s t i nc t f r o m t h e i r 
o r i g i n . 

T h e optic nerves, l i k e the eyes, are o f large r e l a t ive size i n mos t 
fishes; b u t where the organs o f s igh t are sma l l , the nerves are 
slender, as i n the S i l u r u s : t h e y are s t i l l more slender i n t h e 
M y x i n o i d s , and t hey are scarcely d iscernib le filaments i n the 

A m b l y o p s i s , fig. 175, 2. I n t h e P lagios tomes , fig. 197 , H o l o c e -
pha l i , Gano ide i , and P r o t o p t e r i , t he op t i c nerves , i b . a, a, arise i n 
pa r t f r o m the op t ic lobes, i b . d, i n p a r t f r o m the h y p o a r i a , i b . c, c, 
closely adhe r ing t o t h e f o r e p a r t o f the base o f the mesencephalon, 
and are there connected toge ther b y a t ransverse commissure , i b . b, 
or close i n t e r b l e n d i n g o f substance : t h e y do n o t f r e e l y cross each 
other. I n o r d i n a r y Osseous Fishes , figs. 1 8 1 , 1 8 5 , the e x t e r i o r w h i t e 
fibres o f the op t i c lobes converge to t h e i r u n d e r a n d an t e r i o r p a r t , 
to f o r m the c h i e f p a r t o f the o r i g i n o f t he op t i c n e r v e s ; b u t a p o r t i o n 
o f the o r i g i n m a y be t r aced t h r o u g h t h e s ep tum o p t i c u m t o the 
c e r e b e l l u m ; and i n the E e l , t he G a r p i k e , a n d the L u m p - f i s h , a 
p o r t i o n m a y be t r aced t o t h e h y p o a r i a : i n the C o d , fig. 185, a n d 

Brain of Skate (Raid), base 
view. ecu. 

Brain of a Halibut (Hippoglossus), A upper, B under 
view, con." 
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H a k e some fibres o f the op t ic nerve , i b . 2, are d e r i v e d f r o m bo th 
the hypoar ia , i b . n and fig. 199, d, and f r o m the w a l l o f the t h i r d 

ven t r i c l e . T h e r e l a t i o n o f the h y p o a r i a to the nerves o f s igh t is 
i l l u s t r a t e d i n the fishes w i t h u n s y m m e t r i c a l heads and eyes, e. g . 
Pleuronectida; i n fig. 198, the op t i c lobe , e, and hypoa r ion , g, 
g i v i n g o r i g i n t o the l a rge r op t ic ne rve , c, are l a rge r t h a n the optic 
l o b e , / , and h y p o a r i o n , g, g i v i n g o r i g i n t o the smal ler op t ic nerve, d. 
T h e nerves cross one another w i t h o u t in te rchange o f fibres; some
t imes the r i g h t nerve i n i t s passage to the l e f t eye passes under, 
fig. 1 9 9 , 6 , a , f i g . 2 0 1 , sometimes over , figs. 1 8 5 , 1 9 8 , t h e l e f t n e r v e : 1 

r a r e l y does one ne rve pe r fo ra t e the o ther , as, e. g . i n the H e r r i n g . 
T h e nerves are flattened w h e r e t h e y decussate. I n most Osseous 
Fishes the s t r u c t u r e o f t h e op t i c ne rve is p e c u l i a r ; i t consists o f 
a f o l d e d pla te o f membrane a n d n e u r i n e , fig. 200 , a, w h i c h usual ly 
preva i l s t h r o u g h o u t t h e l e n g t h o f the ne rve , f r o m i t s cerebral 

a t t achmen t t o the eyeba l l : 
i n some instances the inner 
surface o f the opt ic lobe is 
also f o l d e d : and , i n a l l , the 
p la i t s m a y be observed to 
be f a i n t l y c o n t i n u e d upon 
t h e r e t i n a , w h i c h is fo rmed 
b y t h e u n f o l d i n g o f the 

ne rve . T h e op t ic ne rve escapes, i n Osseous Fishes , e i ther th rough 
t h e an te r io r fibrous w a l l o f the c r a n i u m beneath the orbi to

sphenoid, or t h r o u g h a n o t c h or a foramen 
i n t h a t bone. I n the Pleuronectidce one optic 
ne rve is u s u a l l y shor ter , as w e l l as smaller, 
t h a n t h e o the r , fig. 198. I n the E e l the 
nerves f o r m , a f t e r decussat ion, a v e r y acute 
angle i n the axis o f t he b o d y , fig. 176, a: i n the 
L u m p - f i s h t h e y f o r m an obtuse open angle. 

Since there are no muscles o f the eyeball 
i n t he L a n c e l e t , t he M y x i n o i d s , the A m 
blyops i s , and the L e p i d o s i r e n , there are no 
m o t o r y nerves o f the o r b i t . I n the L a m p r e y 
a smal l t h i r d ne rve a n d a f o u r t h ne rve , wh ich 
are c losely connected w h e r e t h e y q u i t the 
c r a n i u m , aga in separate, the one t o supply 
the rec tus super ior a n d rec tus i n t e r n u s , the 

o ther the ob l iquus s u p e r i o r ; t he filaments s u p p l y i n g the other 

200 

Plaited optic nerve of a Mullet. 
a, optic nerve deprived of its 
sheath, exhibiting the plaited 
disposition; 6, sclerotic coat 
of the eye through which the 
nerve is passing; c, retina, 
in which the nerve termi
nates, con. 

1 The writer has seen both varieties in different individuals of Gadus morrh.ua. 

http://morrh.ua
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muscles o f the eyeba l l cannot be separated f r o m the fifth pa i r . I n 
a l l o ther fishes the s i x t h or abducent nerve, fig. 185, 6, has i t s p rope r 
o r i g i n , as w e l l as the f o u r t h and t h i r d . T h e t h i r d , or oculomo-
torius, i b . 3, rises f r o m the base o f the mesencephalon, b e h i n d the 
hypoar ia , i b . n, or f r o m the commissura ansu la ta ; i t escapes t h r o u g h 
the orbi to-sphenoid ( C a r p ) , or the unossif ied membrane beneath i t 
( C o d , fig. 196, 3), and is d i s t r i b u t e d cons tan t ly to t h e r e c t i super ior , 
i n f e r i o r , and i n t e r n u s , and to the ob l iquus i n f e r i o r ; i t also sends 
filaments i n t o the e y e b a l l : the c i l i a r y s tem, or a b r a n c h o f i t , 
u s u a l l y uni tes w i t h a b ranch o f the fifth nerve , and sometimes, 
as i n the M a c k e r e l , G a r - p i k e , and L u m p - f i s h , developes a s m a l l 
c i l i a r y gang l i on at the p o i n t o f communica t ion . 

T h e f o u r t h nerve , o r trochlearis, fig. 196, 4, rises f r o m the back 
o f the base o f the opt ic lobes, be tween these and the c e r e b e l l u m ; 

i t escapes e i ther t h r o u g h t h e o rb i t o - spheno id ( C a r p ) , o r t h e c o n 
t iguous membrane ( C o d ) , a n d is cons t an t ly a n d e x c l u s i v e l y d i s 
t r i b u t e d t o the super ior o b l i q u e eye-muscle , i b . g. 

T h e s i x t h , o r abducent, n e rve , figs. 185, 196 , 6, rises f r o m t h e 
p r e p y r a m i d a l t rac t s o f t h e m e d u l l a ob longa ta , fig. 185 , a, benea th 
the fifth, and , i n mos t Osseous F ishes , b y t w o roots , as i n the C o d , 
i b . 6. I t u s u a l l y c losely adheres t o t h e g a n g l i o n i c o r i g i n o f t h e 
fifth. I n the C a r p a n d L u m p - f i s h i t receives a filament f r o m t h e 
sympathe t i c , be fo re i t s final d i s t r i b u t i o n t o t h e rec tus ex t e rnus , 
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fig. 196, b: i t escapes b y the f o r a m e n o r an te r io r n o t c h o f the 
a l isphenoid, i n advance o f the fifth ne rve . 

T h i s ne rve , the trigeminal, enormous i n a l l F ishes , f r o m the 
L a n c e l e t t o the L e p i d o s i r e n , rises, o f t e n b y t w o or more roots, f r o m 
the r e s t i f o r m , or f r o m the an te r io r angle b e t w e e n the o l i v a r y and 
r e s t i f o r m t rac ts ; i n some fishes f r o m a special g a n g l i o n or enlarge
m e n t o f t h a t p a r t o f the m e d u l l a oblongata , as i n t h e H e r r i n g , fig. 
184, t : i n a f e w (Conge r , L u m p - f i s h ) b y a smal ler o r i g i n resolved 
i n t o several roots . T h e t r i g e m i n u s shows w e l l i t s sp ina l (mye lona l ) 
character i n Fishes , o n l y i t s double r o o t is more deeply b u r i e d i n 
the m e d u l l a oblongata . I n t h e C o d , fig. 2 0 1 , the non-gangl ionic 
p o r t i o n is shown at l , t he roots o f the g a n g l i o n i c p o r t i o n a t 2, 2. 
O n the l e f t side the non -gang l ion i c p o r t i o n is separated and tu rned 
b a c k : on the r i g h t side i t s d iv is ions are seen accompanying the 
first, a, second, b, and t h i r d , c, branches o f the t r i g e m i n a l . The 
f o u r t h b ranch , d, is also composed o f b o t h po r t ions o f the ne rve : 
the fifth b r a n c h , e, is e x c l u s i v e l y f r o m the gang l ion ic por t ion . 
T h e t r i g e m i n a l is i n close contac t w i t h t h e acoustic nerve , at their 

o r ig ins . I n Cottus, Blennius, Cobitis, a n d Leuciscus, t he gangl ionic 
or dorsal roots recede f r o m the v e n t r a l ones, as t h e y penetrate the 
m e d u l l a r y substance. T h e non -gang l ion i c roots i n the B l e n n y 
j o i n the f ac i a l and glossopharyngeal . O f the five roots o f the 
t r i g e m i n a l i n the S tu rgeon , the first, second, a n d f o u r t h f o r m a 
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gangl ion (Gasser ianum) . I n the Skate (Raia) the roots o f t h e 
t w o gangl ion ic por t ions , fig. 202 , a, b, o f the t r i g e m i n a l , arise f r o m 
the r e s t i f o r m t r a c t : t he non-gangl ion ic pa r t , c, f r o m the fo lded or 
fimbriate p a r t o f the t r ac t . A p i n is passed be tween the second 
gangl ionic and the non-gangl ion ic p o r t i o n ; t he l a t t e r , c, b e i n g r e 
flected back o n the l e f t side o f the figure; on the r i g h t side the 
non-gangl ion ic branches, e, f , are l e f t , accompanying the cor re 
sponding branches o f the gangl ion ic p o r t i o n , a, e, f . T h e acoustic 
nerve , 7, comes o f f as a b ranch o f the second gang l ion ic p a r t o f 
the t r i g e m i n a l . 

I n Osseous Fishes the h indmos t b ranch o f the fifth ne rve d iv ides , 
one pa r t descending to the e ope rcu l a r ' ne rve , fig. 203 , t, the o ther 
ascending to the ' l a t e r a l ' nerve , i b . m; b u t b o t h r e c e i v i n g an acces
sion f r o m other sources to f o r m those nerves respec t ive ly . A b r a n c h 
o f the vagus, fig. 202 , t, ascends f o r w a r d to j o i n the fifth i n 
f o r m i n g the dorsal d iv i s ion o f the * nervus la te ra l i s , ' i b . m, w h i c h 
escapes b y a fo ramen i n the pa r i e t a l b o n e ; the rest o f the fifth 
emerges f r o m the s k u l l b y a hole ( C a r p ) , or a n o t c h ( C o d ) , o f the 
alisphenoid. T h e la te ra l nerve i n the C o d is f o r m e d c h i e f l y b y 
the fifth, fig. 196, 5, and receives o n l y a slender filament o f t h e 
vagus. I n the Ca rp the vagus c h i e f l y f o r m s the l a t e r a l ne rve . 
I n the Cod , fig. 205, the l a t e ra l nerve first sends o f f a b r anch , i b . l , 
w h i c h runs a long the sides o f the i n t e r n e u r a l spines, r e c e i v i n g 
branches f r o m a l l the spinal n e r v e s ; i t t h e n curves d o w n a long 
the scapular arch, gives branches t o the pec to ra l , i b . p , and v e n 
t r a l , i b . v , fins, supplies the g rea t l a t e r a l m u s c u l a r masses, i b . 2, 
and the mucous canal, i b . 3, and sends a ne rve , i b . 4, t o the i n t e r 
haemal spines, w h i c h communicates w i t h filaments f r o m the co r re 
sponding spinal ne rves : b o t h i n t e r n e u r a l a n d interhaemal branches 
terminate i n the p lexus s u p p l y i n g the caudal fin: t h u s a l l t he 
locomot ive members are associated i n a c t i o n b y means o f t h e 
n e r v i laterales. T h e m a n d i b u l a r d i v i s i o n o f t h e fifth (ramus man-
dibularis, seu maxillaris inferior) consists c h i e f l y o f m o t o r y filaments 
w h i c h supp ly the muscles o f t h e h y o i d a n d m a n d i b u l a r arches, 
and the 'ramus opercularis seu facialis J fig. 2 0 2 , t, t o those o f t h e 
g i l l - c o v e r ; t he sensory filaments go t o t h e t egumen t s o f t h e sides 
o f the head, i b . r, a n d u n d e r j a w , en te r t h e d e n t a l canal , s u p p l y 
the tee th , and , i n t h e C o d , t h e s y m p h y s i a l t en tac le . 1 T h e m a x i l 
l a r y d iv i s ion (r. maxillaris) b i f u r c a t e s b e h i n d the o r b i t , one b r a n c h 
passes o u t w a r d to s u p p l y t h e s u b o r b i t a l mucous canals a n d i n t e g u 
ments on the sides o f t h e h e a d ; the o ther , a f t e r send ing a b r a n c h 
ob l i que ly o u t w a r d , curves f o r w a r d a l o n g t h e floor o f t h e o r b i t , 

1 ccxxvi. p. 45, fig. 2. 
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i b . v, gives o f f a pa la t ine ne rve ( r . pterygo-palatinus), and supplies 
the in t egument s , mucous tubes , and t ee th o f the uppe r j a w . The 
super -orb i ta l d i v i s i o n , i b . e, gives o f f the t w o c i l i a r y nerves, one 

Cerebral nerves, Perch, XXIII. 

o f w h i c h j o i n s the c i l i a r y b r a n c h o f t h e t h i r d ; i t supplies the 
o l f a c t o r y sacs, and the i n t egumen t s o f the u p p e r and fo re par t o f 
the head. 

I n the Skate the la rge sensory branches o f the fifth, sent to the 
i n t egumen t s , and to the s i n g u l a r l y developed mucous canals, have 
gang l ion ic enlargements near t h e i r o r i g i n s , fig. 2 0 2 , a, b, where 
t h e y leave the m a i n t r u n k . T h e first e lec t r ic ne rve is g iven off 
b y the fifth i n the T o r p e d o , fig. 139, 5, and m a n y o f the t e rmina l 
filaments o f the t e g u m e n t a r y branches o f the fifth are connected 
w i t h the pecul ia r muco -gang l ioh i c corpuscles , descr ibed at p . 324, 
fig. 2 1 5 . 1 I n the S t u r g e o n the snout and i t s t en t acu la are sup
p l i e d b y branches o f the i n f r a - o r b i t a l , n o t f r o m t h e supra-orb i ta l , 
d i v i s i o n o f the fifth; the opercu la r or f a c i a l b r a n c h supplies, i n 
a d d i t i o n t o the g i l l - c o v e r , t he i n t e g u m e n t s a n d l i p s o f the pro
t r a c t i l e m o u t h , and the pseudobranch ia : i t communica tes w i t h 
t h e g losso-pharyngeal . 

I n the L a n c e l e t the fifth ne rve , fig. 169, ob, d i s t r i bu te s many 
filaments to the expanded sensi t ive i n t e g u m e n t w h i c h represents 

1 LXXVII. 
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the head, and f o r m s the sides o f the w i d e ova l o p e n i n g ; i t also 
supplies the o ra l t en tacula . I n the M y x i n o i d s the same ne rve 
supplies b o t h the muscles and the in t egument s o f the head, the 
tentacula, the nasal t ube , the mucous membrane o f the m o u t h 
and tongue , the h y o i d and pa la ta l t ee th , and the p h a r y n x . T h e 
t r i geminus supplies the same par ts i n the L a m p r e y , b u t i n a more 
compact manner , i . e. b y f e w e r p r i m a r y b ranches : t h a t w h i c h 
sends filaments to the rectus externus and rectus i n f e r i o r o f the 
eyebal l is con t inued f o r w a r d beneath the s k i n and resolves i t s e l f 
i n t o a r i c h p lexus , w h i c h supplies the t h i c k c i r ra te border o f t h e 
suctor ia l l i p : the nerves to the muscula r parts o f the j a w s a n d 
tongue arise d i s t i nc t f r o m the fifth, and t h e i r t r u n k m a y be 
regarded as a ' f a c i a l ' nerve ; one o f the filaments o f th i s j o i n s a 
branch o f the vagus to f o r m a shor t ' ne rvus la tera l i s . ' 

Thus i n reference to the m o t o r filaments o f the t r i g e m i n u s o r 
great spinal nerve o f the head, those t h a t f o r m the p o r t i o d u r a o r 
fac ia l nerve i n h ighe r V e r t e b r a t a are n o t d i s t i nc t f r o m t h e rest o f 
the t r i geminus at i t s apparent o r i g i n , except i n the L a m p r e y ; i n 
w h i c h , o n the other hand, the m o t o r y filaments o f the rec tus 
externus , f o r m i n g the s i x t h nerve o f h ighe r Fishes and V e r t e b r a t e s , 
r e t a i n an associated o r i g i n w i t h the t r i g e m i n a l . T h e ' f a c i a l ' p a r t 
o f the operculo- la tera l d iv i s i on o f the fifth, i n the P e r c h , 1 is t h a t 
w h i c h supplies the mand ibu l a r , opercular , a n d branchios tega l 
muscles. I n the ex tended m e d u l l a oblongata o f the Sander 
(Lucioperca) the f ac ia l nerve has a d i s t i nc t o r i g i n b e t w e e n t h e 
t r i g e m i n a l and acoustic. 

T h e acoustic ne rve appears t o be a p r i m a r y b r a n c h o f the fifth, 
i n the Skate , fig. 2 0 1 , 7: i t s d i s t r i b u t i o n on the l a b y r i n t h is beau
t i f u l l y shown b y S w a n i n L I V . p i . x . fig. 2 . I t communica tes o n 
the great o to l i t h i c sac w i t h a m o t o r b r a n c h f r o m the vagus , w h i c h , 
a f t e r g i v i n g filaments to the pos ter ior semic i rcu la r canal , passes 
ou t to s u p p l y the first and the adjacent surface o f the second g i l l , 
and the f a u c i a l membrane . S w a n calls t h i s b r a n c h the ' glosso
pharyngeal , ' and says, ' t h i s ne rve , o n b e i n g t o u c h e d near i t s 
o r i g i n i n a r ecen t ly -dead a n i m a l , i m m e d i a t e l y produces a cont rac
t i on o f the muscu la r appendages o f the g i l l s ' ( i b . p . 4 1 ) . I n t h e 
Cod the acoustic ne rve , fig. 185 , 7, w h i c h here as i n a l l fishes 
above the Dermopteri is o f l a rge size, rises close b e h i n d , b u t 
d i s t inc t f r o m , the fifth pa i r , i b . 5, b e t w e e n i t a n d the vagus , i b . 8: 
the acoustic nerve receives ar filament f r o m t h e vagus, , ex tends i n 
a crescentic f o r m , fig. 196, 8, u p o n t h e l a b y r i n t h ^ expands u p o n 

1 xxm. torn. i. p. 325, pi. vi. fig. v.f/u., - \ ,!;! v 
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the large sac o f the o to l i t e , i b . i, and sends filaments to the 
a m p u l l i f o r m ends o f the semic i rcu la r canals. I n o ther Osseous 
Fishes ( P i k e , B l e n n y ) the acoustic blends a t i t s o r i g i n w i t h the 
back p a r t o f t h a t o f the fifth: i t sometimes communicates w i t h 
t he opercular b r anch o f the fifth, as w e l l as w i t h the glosso
pha ryngea l o f the vagus. I t s d i v i s i o n o n t h e acoustic sac is 
shown , i n the P e r c h , a t s, s, fig. 203 . 

T h e nervus vagus, i b . t, has a deve lopement p ropor t iona l to 
the ex t en t and c o m p l e x i t y o f the b r a n c h i a l apparatus i n Fishes, 
and is usua l ly l a rger t h a n the t r i g e m i n a l : i t rises, fig. 185 ,8 , f r o m 
the r e s t i f o r m t r ac t f o r m i n g the side o f the m e d u l l a oblongata, and 
c o m m o n l y f r o m a special ly developed l o b e ; a n d is d i s t r i bu t ed to 
the b ranch ia l apparatus, the p h a r y n x and p h a r y n g e a l arches, the 
oesophagus and s tomach ; i t sends filaments t o the heart , and to 
the a i r -b ladder w h e n th i s exists ; and i t f o r m s , or helps to f o r m , 
the ( ne rvus la tera l is . ' I n the L a m p r e y a p o r t i o n o f the vagus 
combines w i t h branches o f the f a c i a l a n d hypoglossa l nerves to 
f o r m a shor t side-nerve e x t e n d i n g to the m i d d l e t h i r d pa r t o f the 
body . I n Salmo, Clupea, Acipenser, the ' n e r v u s l a t e ra l i s ' is fo rmed 
exc lus ive ly b y the vagus : i n t h e l a t t e r , as i n Chimcera, Balistes, 
Diodon, Cyclopterus, t h i s ne rve is a s ingle l o n g i t u d i n a l one : i n 
most b o n y fishes there are t w o w h i c h r u n p a r a l l e l or near ly so. 
I n a l l these fishes i t is c o n t i n u e d v e r y f a r back a long the lateral 
or la tero-dorsal r e g i o n o f the b o d y ; sometimes lodged deeply i n 
the l a t e ra l mass o f muscles, e. g . Belone, Clupea, and Scomber,1 

b u t more c o m m o n l y the ne rve or a m a i n b r a n c h lies j u s t under 
the s k i n , and i n the course o f the l a t e r a l mucous l i n e , as i n the 
Sa lmon and S tu rgeon ; i n the F l a t - f i s h and Bu l l -heads i t has both 
a deep-seated and a super f i c i a l b ranch . I n Upeneus the super
ficial b r anch is sent o f f , dorsad, a t an open angle f r o m the main 
t r u n k , t o the l a t e r a l l i n e , above w h i c h i t r u n s i n the Belone, the 
super f i c ia l b r a n c h descends t o g a i n the l a t e r a l l i ne . I n the 
C a r p and H e r r i n g the vaga l e ramus l a t e r a l i s ' sends o f f a strong 
b r anch to the dorsal fin; i n t h e G a r p i k e i t sends, as i n the Cod, 
branches to the pec to ra l a n d v e n t r a l fins; i t d i s t r ibutes other 
branches to the s k i n and mucous d u c t s ; and some o f these, i n 
most fishes, anastomose w i t h branches o f the sp ina l nerves, f i g . 
205. I n the P e r c h there are t w o ' n e r v i la tera les ' on each side; 
the dorsal one, fig. 203 , m, above descr ibed, a n d the proper lateral 
nerve , i b . / : t h i s is f o r m e d e x c l u s i v e l y b y the vagus , and divides 
i n t o a super f i c i a l b r anch , s u p p l y i n g the l a t e r a l l i n e , and a deep-

1 xx. vol. i i i . p. 49, prep. no. 1384 (mackerel). 
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seated branch , c o m m u n i c a t i n g w i t h the sp ina l nerves, and sup
p l y i n g the m y o c o m m a t a l aponeuroses and the s k i n . 1 W h e t h e r 
the vagus f o r m s the w h o l e or a p a r t o f the ' ne rvus la teral is , ' t h i s 
does no t arise l i k e the ' ne rvus accessorius' o f h ighe r Ve r t eb ra t e s , 
f r o m a m o t o r y t r a c t o f the m y e l o n , b u t f r o m a gang l ion ic p a r t o f 
the vagus. T h e ' n e r v u s l a t e r a l i s ' ch i e f ly supplies the s k i n , 
mucous l i n e , i n t e rmuscu l a r septa, and v e r t i c a l fins, most o f t h e m 
pecu l i a r l y i c h t h y i c parts , e i ther b y t h e i r p r eponde ra t ing develope
men t , or t h e i r v e r y existence. 

T h e vagus sends supra- temporal branches t o the head, and 
opercular branches to the g i l l -covers . T h e u s u a l l y double roots o f 
the nervus vagus pass out , i n most Fishes, b y a s ingle f o r a m e n i n 
the exoccipi ta l bone. T h e fo re p a r t o f the roo t is the largest , and 
is g a n g l i o n i c : i t is the t r u e pneumo-gas t r ic , s u p p l y i n g the g i l l s , 
p h a r y n x , heart , and stomach, and sending filaments to the sep
t u m d i v i d i n g the b ranch ia l f r o m the abdomina l c a v i t y . I n the 
T u n n y the b ranch ia l nerves are r emarkab le f o r t h e i r size a n d 
the i r radical gangl ions . T h e h inde r second o r i g i n is the source o f 
the glosso-pharyngeal and l a t e ra l nerves. T h e f o r m e r , w h i c h 
has a d i s t inc t gang l ion i n the H e r r i n g and some o ther fishes, 
supplies the first g i l l and cont iguous par ts , and thence passes 
f o r w a r d to the tongue . Some filaments r i s i n g b e h i n d the vagus 
have been t raced to the parts s u r r o u n d i n g the b r a i n w i t h i n the 
c r an i a l c a v i t y . 2 E a c h vaga l nerve o f the S t u r g e o n equals the 
sp ina l cho rd i n size, and rises b y numerous roots . T h e ne rve 
has a l i k e extensive t r a c t o f o r i g i n i n the S h a r k s ; i n w h i c h a 
poster ior fasciculus , fig. 187, 8, r ep resen t ing the ' n e r v u s acces
sorius, ' can be best demonstra ted. 

T h e r e is no ' ne rvus la teral is ' i n the M y x i n o i d s , b u t the gas t r ic 
branches o f the vagus are con t inued , u n i t e d as a s ingle ne rve , 
a long the in tes t ine to the anus. T h e vagus is represented i n the 
Branch ios toma b y a b r anch sent f r o m the fifth to the p h a r y n x . 
I n the M y x i n e i t s o r i g i n is close t o t h a t o f the fifth. T h e 
erect i le pa la ta l o rgan o f the C y p r i n o i d s is w h o l l y , and the e lec t r ic 
organs o f the T o r p e d o are, i n g rea t p a r t , supp l i ed b y th i s r e m a r k 
able vaga l nerve . T h e p r o p o r t i o n o f g r e y to w h i t e filaments 
i n the vagus o f F ishes is grea ter t h a n i n t h a t ne rve i n h i g h e r 
Ver t eb ra t e s , w h i c h i l lus t ra tes the progress ive d i f f e r e n t i a t i o n o f 
the grea t sympa the t i c . 3 

T h e first spinal, or m y e l o n a l , ne rve rises u s u a l l y b y t w o roots , 
the dorsal one h a v i n g a g a n g l i o n , r a r e l y b y n o n - g a n g l i o n i c roots 
e x c l u s i v e l y f r o m the p r e p y r a m i d a l t r a c t s : i t u s u a l l y emerges 

1 x x m . torn. i . pp. 325-27. 2 ccxxvn. 8 CCXII. 
x 2 
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be tween the ex -occ ip i t a l and the atlas, and d iv ides i n t o a small 
dorsal and a l a rge r v e n t r a l b r a n c h : t h i s communica tes w i t h the 
v e n t r a l b r anch o f t h e n e x t sp ina l ne rve , a n d suppl ies the pectoral 
fin-muscles, t he subcoradoideus, l , t he r e t r a c t o r h y o i d e i , c, and 
gen iohyo ide i , 27, fig. 135. I t is ca l l ed ' hypoglossa l n e r v e ' b y 
some I c h t h y o t o m i s t s ; b u t t h i s name m o r e p r o p e r l y applies to a 
nerve w h i c h , i n some fishes, arises f r o m t h e m e d u l l a oblongata 
b e h i n d the vagus , is d i s t r i b u t e d t o the muscles b e t w e e n the scapular 
and h y o i d arches, and uni tes w i t h the first sp ina l nerve . 

E a c h o f the sp ina l nerves has a dorsal or sensory, and a ven t ra l 
or m o t o r y o r i g i n ; sometimes each rises s i n g l y ; sometimes, as i n 
the C o d , b y t w o or more filaments, fig. 196. B o t h sensory and 
m o t o r y roots are l o n g i n mos t fishes: t h e sensory roo t is the 
largest , arises b y more filaments, a n d f u r t h e r back than the 
m o t o r y roots , i n the S tu rgeon . 

I n most Osseous Fishes one dorsal r o o t goes t o f o r m the dorsal 
b r a n c h o f the sp ina l n e r v e , a n d t h e o the r dorsal roo t jo ins the 
v e n t r a l b r anch o f the same n e r v e : sometimes t h e gangl ion is 
f o r m e d o n the dorsal r o o t o f t h e dorsa l b r a n c h , as i n the C o d ; 
more c o m m o n l y u p o n the w h o l e sensory o r i g i n o f the nerve, 
w h e r e i t emerges f r o m the n e u r a l canal . I n some fishes (Bream 
and G a r p i k e ) the gangl ions o n the dorsa l r o o t are s i tuated i n the 
sp ina l c a n a l : more c o m m o n l y (as i n the C o d , the L i n g , the 

Sander) t h e gangl ions are e x t e r n a l t o the spinal 
canal . I n b o t h cases the n e r v e is increased i n size 
b e y o n d the g a n g l i o n and the u n i o n o f the vent ra l 
roo t . T h i s is w e l l seen i n the Skate , i n w h i c h the 
gangl ions are s i tua ted b e y o n d the holes o f emer
gence, and the j u n c t i o n o f the t w o roots takes 
place q u i t e e x t e r i o r t o t h e n e u r a l canal . 

T h e connec t ion o f the roots w i t h the myelon 
is weaker i n F ishes t h a n i n a i r -breathing; animals: 
i t is so easi ly b r o k e n i n the Dermopteri as to have 
l e d to a den ia l o f i t s ex is tence . 1 T h e peculiar 
c o m b i n a t i o n o f the dorsa l a n d v e n t r a l roots o f the 
sp ina l nerves i n Osseous F ishes is w e l l seen i n the 
C o d . 2 T h e dorsal r o o t sends a filament, fig. 204, a, 
u p w a r d , w h i c h j o i n s a v e n t r a l filament, b, from 
the p reced ing ne rve , a n d f o r m s t h e ramus dor-

salis, d; the dorsal roo t sends t w o filaments, c, d o w n w a r d , w h i c h 
u n i t e together , and w i t h a v e n t r a l filament, e, o f the same nerve 

204 

Connections of spinal 
and lateral nerves, 
Cod. LIV. 

1 LXXIX. i i . p. 479. 2 LIV. pi. X. 
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to f o r m the ' r a m u s ven t ra l i s , ' v. T h e filament o f the v e n t r a l 
root sent t o the ramus dorsalis o f the succeeding nerve perforates 
the l ower d i v i s i o n o f the dorsal r o o t o f i t s o w n nerve . 

T h u s each sp ina l ne rve f o r m s a ' r a m u s dorsalis, ' fig. 205 , 10, 
and a ' r a m u s ven t ra l i s , ' i b . s; the ramus dorsalis inc ludes a 
sensory filament o f i t s o w n nerve , and a m o t o r y filament o f the 
antecedent n e r v e : the ' ramus v e n t r a l i s ' is f o r m e d b y a m o t o r y 

and a sensory filament o f i t s o w n n e r v e ; b o t h r a m i ' v e n t r a l e s ' 
and ' dorsales ' are associated toge ther , a n d w i t h t h e vaga l and 
t r i g e m i n a l nerves t h r o u g h the m e d i u m o f the g rea t ' n e rvus 
lateral is , ' fig. 205 , l , 8. 

T h e dorsal roots o f the nerves d i s t r i b u t e d to the f r e e , exp lo r a 
t o r y , pectoral rays o f t h e G u r n a r d s , r ise f r o m special gang l ion i c 
swel l ings o f the ce rv ica l p o r t i o n o f the dorsal m y e l o n a l co lumns . 

§ 56. Nerves of Reptiles.— T h e o l f a c t o r y nerves are c o n t i n u e d 
i n Rept i les , f o r a grea ter or less ex t en t , f r o m the rh inencepha lon , 
figs. 188, 1 9 1 , t o the o l f a c t o r y sacs; the w h i t e and g r e y t rac ts 
beneath the prosencephalon, fig. 190, p , descr ibed as roots o f t h i s 
nerve, be long t o the rh inencepha l ic c r u r a : the t r u e o l f a c t o r y 
nerves are less d i s t i n c t f r o m t h e i r centres t h a n i n o ther V e r 
tebrates. I n the P y t h o n , fig. 188, t h e nerves , i , o f equa l 
diameter w i t h t h e i r centres , g r a d u a l l y expand , b y r e so lu t i on o f 
the i r fibres, as t h e y approach the o l f a c t o r y sacs, i b . d, and are 
j o i n e d b y p a r t o f the first d i v i s i o n o f the ' fifth.' T h e o l f a c t o r y 
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nerves progress ive ly increase i n l e n g t h i n the T u r t l e , I g u a n a , and 
Crocodi le . T h e d i s t r i b u t i o n o f t h e i r fibres u p o n the vascular 
p i t u i t a r y membrane , suppor ted b y the t u r b i n a l car t i lage , is w e l l 
d i sp layed i n a H u n t e r i a n p repara t ion o f the T u r t l e . 1 

T h e op t i c nerves, co r respond ing i n size w i t h t ha t o f the eyes, 

are smallest i n the fish-like Ba t rach ians . T h e y arise f r o m the 
op t ic lobes, fig. 192 , o , t h a l a m i , and op t i c tracts, ' i b . d, and blend, 
b y a f e w decussat ing laminae, i n t o a chiasma, i b . b, before d ive rg 
i n g to the v i s u a l o rgan : t h e i r course is s h o w n , i n the P y t h o n , at 
2, fig. 188. T h e pos i t i on o f the ' t h i r d ' o r ocu lo -moto r nerve is 

1 xx. vol. i i i . p. 89, r.os. 1532. 1533. 
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shown at 3, fig. 188. T h e course o f the ' f o u r t h ' t o the u p p e r 
obl ique muscle is shown a t 4, fig. 188. T h i s nerve does n o t 
exist , separately, i n the fish-like Bat rachians . 

T h e fifth or t r i g e m i n a l nerve shows i t s double (gang l ion ic and 
non-gangl ion ic ) or ig ins i n a l l Rep t i l e s , and i t s t h r e e f o l d p r i m a r y 
d iv i s ion v e r y d i s t i n c t l y , i n a l l above the Perennibranchia tes . I n 
the Serpent the first d iv i s ion is shown at 5, fig. 188, e x t e n d i n g 
f o r w a r d beneath the ' f o u r t h ' nerve and upper ob l ique musc le , 
and above the o l f ac to ry nerve and capsule. T h e second d i v i s i o n , 
fig. 188, 6, fig. 206, 4, a f t e r commun ica t i ng w i t h the sympathe t i c 
nerve , d iv ides : one b ranch supplies the membrane o f the m o u t h 
and pa l a t e ; the other passes ou t b y canals i n the uppe r j a w , and 
terminates on the fo l l i c les and substance o f the uppe r l i p . T h e 
t h i r d d iv i s ion , fig. 188, 7, fig. 206 , 5, sends branches o f i t s n o n -
gangl ionic pa r t to the muscles o f the j a w s ; a la rge b r a n c h enters 
the denta l canal o f the mandib le , supplies the tooth-capsules, a n d 
emerges b y three or more d i v i s i o n s : t w o o f these, e m e r g i n g a t 
the l ower pa r t o f the mand ib le , communicate w i t h branches o f the 
' e i g h t h ' and ' n i n t h ' nerves, to be d i s t r i b u t e d to the muscles and 
parts beneath the mand ibu la r a r c h : another gives filaments t o the 
membrane o f the m o u t h as f a r as the sheath o f the t o n g u e ; t h e 
m a i n con t inua t ion , emerg ing at a f o r a m e n near the symphys i s , 
supplies the l ower l i p . 

I n the T u r t l e the first or oph tha lmic d i v i s i o n o f the fifth 
advances some w a y i n the substance o f the d u r a ma te r before 
en t e r i ng the o r b i t ; i t sends a filament t o combine w i t h one o f the 
t h i r d , t o s u p p l y the c i l i a r y nerves, w i t h o u t f o r m i n g a g a n g l i o n : i t 
supplies the l a c r y m a l and harder ian glands, and is c o n t i n u e d to 
the o l f ac to ry fossa. T h e second or m a x i l l a r y d i v i s i o n q u i t s the 
t h i r d on en t e r ing the floor o f the o r b i t , a long w h i c h i t curves , 
sending f r o m i t s concav i ty filaments t o the l a c r y m a l g lands , a n d 
d i v i d i n g i n t o t w o c h i e f branches ; t he i n t e r n a l b r anch , a n s w e r i n g 
to the spheno-palatine and s u b o r b i t a l , supplies the palate and floor 
o f the nasal c a v i t y , a n d e m e r g i n g at t he f o r e - p a r t o f the o r b i t , i t 
spreads u p o n the m a x i l l a r y t e g u m e n t : t he e x t e r n a l b r a n c h passes 
a long the floor o f the o r b i t , a n d emerges u p o n the face. T h e 
t h i r d or * m a n d i b u l a r ' d i v i s i o n descends a t the b a c k - p a r t o f the 
o r b i t , i n f r o n t o f the t y m p a n i c bone, suppl ies the t e m p o r a l and 
p t e r y g o i d muscles , enters the m a n d i b u l a r canal , a n d d i s t r i b u t e s 
branches i n w a r d l y to the t ongue and floor o f the m o u t h , o u t w a r d l y 
to the m a n d i b u l a r f o l l i c l e s and t e g u m e n t . 

I n the F r o g the m a x i l l a r y and m a n d i b u l a r d iv i s ions o f the 
t r i g e m i n a l , a r i s i n g d i s t i n c t l y f r o m the g a n g l i o n , d i v e r g e t o t h e i r 
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respective dest inat ions a t t he m i d d l e o f the floor o f the o r b i t : 
the h indmos t b r a n c h , con t inuous w i t h a filament f r o m the 
acoustic ne rve , un i tes w i t h a b r a n c h o f the vagus , and is d i s t r i bu t ed 
l i k e the ' p o r t i o d u r a ' o f the ' s e v e n t h ' nerve . T h e d is t inc t 
o r i g i n o f th i s ne rve , b e t w e e n the ' fifth' and acoustic, is shown 
i n the P y t h o n , fig. 188, 8; i t communica tes , fig. 206 , 6, w i t h 
the gang l ion , i b . l , o f the sympathe t ic , t h e n passes t h r o u g h the 
6 aper tor or is , ' t o w h i c h i t gives a b r a n c h ; communicates w i t h 
the first spinal ne rve , and te rmina tes o n the ' cos to-mandibular is ' 
muscle. T h e acoustic ne rve , fig. 188 , 9, soon d iv ides , and enters 
the l a b y r i n t h b y t w o or more f o r a m i n a . T h e glosso-pharyngeal, 
fig. 188,10, is d i s t i nc t at i t s o r i g i n i n Serpents a n d h ighe r Repti les . 
I n Ba t r ach i a i t issues f r o m the g a n g l i o n o f the vagus. I n the 
P y t h o n the glosso-pharyngeal passes c h i e f l y t o the gangl ion, 
fig. 206 , i , o f the sympathe t ic . T h e ' n e r v u s vagus, ' fig. 188, n , 
arises b y several filaments, and i n the Che lon i an and Crocodi l ian 
rept i les is r e c r u i t e d b y an ' accessorius,' a r i s i ng f r o m the t rac t o f 
the first and second sp ina l nerves . I n the P y t h o n , fig. 206, 8, 
the vagus communicates w i t h the sympa the t i c , and t h e n receives 
the c o n t i n u a t i o n o f the g losso-pharyngeal f r o m the gangl ion , l . 
I t sends a b r a n c h to communica te w i t h the ' n i n t h , ' and to be 
d i s t r i b u t e d to the muscles and membrane o f the fauces. The 
t r u n k is t h e n c o n t i n u e d d o w n or back , close to the trachea and 
j u g u l a r v e i n : o n the l e f t side i t also accompanies the carotid 
a r t e r y : i t sends filaments a long the la rge vessels to the heart , and 
others b e h i n d each aor ta , s imi l a r t o the r e c u r r e n t nerves, to be 
d i s t r i b u t e d u p o n the t rachea a n d oesophagus: each t r u n k fo r a 
shor t space accompanies t h e co r re spond ing p u l m o n a r y ar te ry to 
the l u n g . B e f o r e r each ing the l i v e r i t passes v e n t r a d o f the 
l u n g f o r a shor t distance, and j o i n s i t s f e l l o w t o f o r m a single 
nerve . T h i s is con t i nued u n d e r the capsule o f the l i v e r supp ly ing 
t h a t o rgan , the l u n g s , and oesophagus. N e a r the end o f the l iver 
t he vagus sends a l a rge b r a n c h , w h i c h communica tes f r e e l y w i t h 
the sympathe t i c , t o the l e f t sur face o f the s tomach, and th is also 
gives filaments to the con t iguous p a r t o f the l u n g . T h e t r u n k , 
o n the r i g h t o f the s tomach, c o m m u n i c a t i n g w i t h the sympathet ic , 
and w i t h the d i v i s i o n o n the l e f t , is c o n t i n u e d a shor t w a y on the 
membrane connec t ing the viscera, g ives branches to the r i g h t side 
o f the s tomach, and te rmina tes o n the b e g i n n i n g o f the in tes t ine , 
at t he pancreas. 

I n the Chelonia and Crocodilia t he vagus q u i t s the s k u l l b y t w o 
or three o f i t s roots , w h i c h u n i t e outs ide to f o r m the t r u n k o f the 
n e r v e ; i t s c o m m u n i c a t i o n w i t h the g losso-pharyngea l , t he n i n t h , 
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and the sympathe t ic , toge ther w i t h i t s u l t i m a t e d i s t r i b u t i o n , are 
i n the m a i n l i k e those i n Ophidia; i t exc lus ive ly supplies the 
heart. I n the Amphishcena the accessorius is p a r t i a l l y b lended 
w i t h the vagus , and separates f r o m i t t o be d i s t r i b u t e d to the 
cervical muscles, j o i n i n g branches o f the first t w o spinal nerves. 
I n Chelonia and Crocodilia the accessorius blends w i t h the g a n 
g l i o n o f the v a g u s : i t s con t inua t ion m a y be recognised i n the 
posterior b ranch sent b y the vagus to the nucha l muscles. 

T h e ' n i n t h ' or hypoglossal nerve, fig. 188, 12, arises f r o m the 
m o t o r y t r ac t , beh ind the vagus, f r o m the t r u n k o f w h i c h i t receives 
a b r a n c h ; i t receives a smaller b ranch f r o m the f ac i a l ne rve ; c o m 
municates w i t h the anter ior cerv ica l nerves ; and is d i s t r i b u t e d t o 
the muscles o f the p h a r y n x and tongue , t o the f o r k e d end o f w h i c h 
the l i n g u a l b ranch m a y be t raced. I t sends a c o m m u n i c a t i n g 
branch to those o f the mand ibu la r nerve , w h i c h are d i s t r i b u t e d t o 
the muscular floor o f the m o u t h . I n the Tor to i se the hypoglossa l 
escapes b y t w o p recondy lo id f o r a m i n a ; a f t e r the u n i o n o f these 
or ig ins the t r u n k communicates , as i n Ophidia, w i t h the v a g a l 
and glosso-pharyngeal ne rves : i t sends a b r a n c h t o the h y o i d 
muscles, a b ranch f o r w a r d to the tongue , and a t h i r d d o w n w a r d 
to the omohyoideus : the l a t t e r accompanies the vagus as f a r as 
the fifth cervica l . 

T h e vagus enters i n a l a rger p r o p o r t i o n i n t o the f o r m a t i o n o f 
the nerve , or ra ther p lexus , d i s t r i b u t i n g branches to the par ts t o 
w h i c h the source o f nervous s u p p l y is ascribed t o t h e h y p o 
glossal ; b u t th i s nerve has a d i s t i nc t o r i g i n b y t w o roots i n t h e 
T u r t l e . 

T h e first and second spinal nerves arise, i n Chelone, l i k e the 
hypoglossal , b y m o t o r y roots o n l y ; the sensory or dorsal roots i n 
the other cervicals are smal ler t h a n the m o t o r y ones. T h e s k i n 
o f the neck is no t v e r y sens i t i ve : the muscles are l a rge a n d 
numerous. I n the back, whe re muscles are f e w and sma l l , t h e 
sensory roots o f the sp ina l nerves exceed the m o t o r y ones i n size. 

T h e nerve w h i c h emerges be tween t h e first a n d second t r u n k -
vertebrae i n Batrachia supplies t h e muscles a n d i n t e g u m e n t s o f 
the subjacent p a r t o f the t h roa t , and sends a f e w filaments t o 
those o f the scapula. F o u r o f the succeeding sp ina l nerves 
combine i n the Salamander to f o r m the b r a c h i a l p l e x u s : t w o o n l y 
f o r m t h a t p lexus i n the F r o g , t h a t e m e r g i n g b e t w e e n t h e second 
and t h i r d vertebrae b e i n g the largest . I n t h e C r o c o d i l e t h e s i x t h 
and seventh ce rv i ca l nerves , w i t h the t w o f o l l o w i n g , combine to 
f o r m the b r a c h i a l p lexus . I n the T u r t l e the s i x t h , seventh , 
e igh th , and n i n t h sp ina l nerves cons t i tu t e the b r a c h i a l p lexus . 
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T h i s d i s t r ibu tes a ' c i r c u m f l e x ' o r a x i l l a r y , an u l n a r , a r ad i a l or 
' muscu lo - sp i ra l , ' a n d a med i an nerve . T h e c i r c u m f l e x supplies 
the la t iss imus dors i , c l av icu lo -brach ia l i s , supercoracoideus and 
teres m i n o r , and te rminates o n the i n t e g u m e n t at the back o f the 
a r m . T h e u l n a r ne rve divides a t t he u p p e r t h i r d o f the humerus 
i n t o a b ranch s u p p l y i n g t h e extensor communis d i g i t o r u m , ex
tensor p rop r iu s p o l l i c i s , and u lna r i s ex te rnus , a b r a n c h f o r the 
t r iceps b r a c h i i , and a supe r f i c i a l cutaneous ne rve d i s t r i b u t e d to 
the i n t e g u m e n t o n the back o f the f o r e - a r m and hand. The 
r ad i a l ne rve passes to the ou te r side o f t h e humerus , d i s t r i b u t i n g 
muscu la r branches i n i ts course, w i n d s t o t h e i n n e r side, descends 
i n f r o n t o f the e l b o w - j o i n t , and. t e rmina tes i n muscula r and 
cutaneous branches. T h e med ian ne rve passes a long the back-
p a r t o f the scapula, g i v i n g branches t o t h e pectoraHs major , to 
the shou lde r - j o in t and s u r r o u n d i n g s k i n : passes be tween the 
h u m e r a l tuberos i t ies , s u p p l y i n g the t r i ceps b r a c h i i and brachialis 
i n t e r n u s : t h e n divides i n t o an e x t e r n a l b r a n c h , passing between 
the p rona to r teres a n d radia l i s i n t e r n u s , and s u p p l y i n g the flexors 
o f the d ig i t s , and i n t o an i n t e r n a l b r a n c h , g l i d i n g between the 
radius and u l n a , and u l t i m a t e l y f o r m i n g the vo l a r arch. 

I n the F r o g the a x i l l a r y ne rve sends a b r anch t o the muscles 
and s k i n above t h e scapula : i t is c o n t i n u e d i n t o the- brachial , 
w h i c h b i fu rca tes . O n e b ranch w i n d s r o u n d the humerus , l i k e the 
4 muscu lo-sp i ra l , ' sends a b r a n c h t o the extensor c u b i t i , and passing 
i n f r o n t o f the e l b o w - j o i n t penetrates the mass o f flexor muscles, 
and reappears a t t h e ou te r side o f the f o r e - a r m : i t sends one 
b r a n c h t o the s k i n , and another t o the back o f the hand , wh ich 
d iv ides t o s u p p l y t h e same aspect o f the d ig i t s . T h e other 
d i v i s i o n o f the b rach ia l ne rve represents the f m e d i a n ; ' i t divides 
i n t o a l a rger b ranch , r u n n i n g a long t h e interosseous f u r r o w o f the 
u l n o - r a d i a l bone, w h i c h supplies the p a l m a n d pa lmar surface o f 
the d i g i t s , and i n t o a smal ler b r a n c h , w h i c h supplies the flexor 
muscles o f the d ig i t s . 

T h e sp ina l nerves o f t h e Se rpen t d i f f e r f r o m those o f the E e l 
i n the more d i s t inc t g a n g l i o n o n the pos te r ior r oo t , a n d th i s rises 
closer t o the an te r io r roo t , w h i c h is r a the r l a rger . E a c h spinal 
ne rve communicates w i t h the sympa the t i c , a n d accompanies 
the r i b , t o be d i s t r i b u t e d t o the v e r t e b r a l muscles a n d i n t e g u 
m e n t , fig. 206 . 

I n the Tor to i s e , nerves, analogous t o the ph ren i c , are sent f r o m 
t h e first th ree dorsal pairs t o the sheets o f the d iaphragmat icus , 
fig. 150, 4-_>. Succeeding dorsal nerves c o m m u n i c a t e w i t h the 
sympa the t i c , and send filaments i n t o the substance o f the carapace, 
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most o f w h i c h pass t h r o u g h , and t e rmina te i n the vascular beds o f 
the h o r n y scutes. 

T h e seventh and e igh th dorsal nerves, and the three consecutive 
pairs, c o n t r i b u t e to the f o r m a t i o n o f the c r u r a l p lexus . T h e 
sciatic nerve is f o r m e d b y the last dorsal and the first t w o sacral 
nerves. I n the Crocodiles and L i z a r d s the sciatic is f o r m e d b y 
b u t t w o spinal ne rves : i n the F r o g s and Toads b y th ree , 
figs. 207 , 208. 

T h e c r u r a l p lexus i n the Tor to ise sends filaments t o the t r ans -
versalis, fig. 150, 41, and obl iquus abdominis , fig. 1 5 1 , 40; t o some 
o f the pelvic muscles and the glutaei ; i t is t hen con t inued i n t o the 
l i m b as the ' c r u r a l nerve. ' T h e ob tu ra to r nerve is a d i r e c t b ranch 
o f the last dorsal. T h e sciatic nerve gives a filament to t h e 
second glutasus and to the ob tu ra to r ius , and cont inues, as a 
large t r u n k , to beh ind the knee - jo in t , whe re i t d iv ides i n t o 
the t i b i a l and peroneal nerves. T h e t i b i a l subdivides i n t o a 
popl i tea l b ranch , s u p p l y i n g the muscles a t t he back o f the l e g 
and the sole or p lan ta r side o f the f o o t , and i n t o an e x t e r n a l 
b ranch to the ex te rna l muscles and in t egumen t . I n the T u r t l e 
(Chelone),1 one d iv i s ion o f the sciatic gives branches to the 
muscles o f the t h i g h , and is con t inued to the p lan ta r surface 
o f the foo t , d i v i d i n g i n t o d i g i t a l nerves, t e r m i n a t i n g o n 
the s k i n ; the other d iv i s ion , a f t e r g i v i n g o f f some muscu la r 
branches, passes to the s k i n on the dorsal surface o f the fin. 

I n L i z a r d s the c r u r a l nerve is f o r m e d b y the t w o l u m b a r nerves , 
and is d i s t r i bu t ed to the muscles on the fo r e -pa r t o f the t h i g h ; 
the sciatic nerve is f o r m e d b y the last l u m b a r , the t w o sacral 
nerves, is con t inued a long the i n n e r side o f the t h i g h , s u p p l y i n g 
the muscles as f a r as the d ig i t s , and b r a n c h i n g to accompany t h e m . 

I n the F r o g a pear ly vesicle, w i t h calcareous molecules , covers 
each spinal nerve where i t comes o u t o f the sp ina l canal. O f the 
f o u r pairs o f nerves w h i c h proceed f r o m the t e r m i n a t i o n o f t h e 
short m y e l o n , three cons t i tu te o n each side the ' sciatic p l exus , ' 
w h i c h uni tes i n t o a s ingle l a rge ne rve opposite the ace t abu lum. 
T h e sciatic ne rve enters the muscles a t the b a c k - p a r t o f the t h i g h , 
supplies t h e m , and divides near the k n e e - j o i n t i n t o an e x t e r n a l 
and i n t e r n a l b r a n c h , d i s t r i b u t e d to the muscles, d i g i t s , and s k i n o f 
the h i n d - l e g and f o o t . 

T h e t enac i ty o f v i t a l fo rce i n Hcematocrya, and the s eeming ly 
pecu l i a r su scep t ib i l i t y to the vo l t a i c c u r r e n t i n the F r o g , have 
made t h a t an ima l the usua l subject o f the exper iments e x e m p l i f y i n g 

1 LIV. pi. xvi. 
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relat ions be tween tbe e lec t r i ca l , ne rvous , and muscu la r forces. I t 
m a v be convenient , t he re fo re , t o some readers to find here , m con-

nec t ion w i t h the nervous 
sys tem o f the Batrachia, 
an account o f the ch ie f 
modes o f p r epa r ing i t 
f o r t he purpose o f such 
exper iments . G a l v a n i 
r e m o v e d the s k i n f r o m 
the h i n d e r p a r t and l imbs 
o f t he f r o g , exposed the 
l u m b a r p lexus , leaving 
i t i n connect ion w i t h the 
p a r t o f the spine f r o m 
w h i c h the nerves issued, 
a n d c u t away a l l the 
par t s save the t r u n k s o f 
the sciatic nerves, be
t w e e n the spine, S, and 
the h i n d l imbs , A & B , 
fig. 207 . So prepared, 
i t is u s u a l l y c a l l e d ' G a l -
vani 's f r o g . ' 

T h e ' galvanoscopic l e g , ' fig. 207 , c , is p repared b y s k i n n i n g i t , 
dissect ing o u t the sciatic ne rve f r o m among the muscles at the 
poster ior p a r t o f the t h i g h , t h e n a m p u t a t i n g the l e g j u s t above 
the k n e e - j o i n t , l e a v i n g t h e ne rve connected w i t h t h e l e g , C. 

I f t he ne rve o f c be l a i d u p o n the muscles o f e i ther l eg o f 
Galvan i ' s f r o g , A or B , and i f these muscles are exc i t ed t o contrac
t i o n , b y p r i c k i n g the m y e l o n i n s, the muscles o f the galvanoscopic 
l e g , c, w i l l be s imul taneous ly con t rac ted . I f a second galvano
scopic l e g be prepared , and the ne rve be l a i d u p o n the muscles of 
the first, and a t h i r d be placed i n the same r e l a t i o n w i t h the 
second, contrac t ions w i l l t ake place i n a l l t h ree legs, w h e n the 
th igh-musc les o f the Galvan i ' s f r o g , A & B , are exc i t ed to contract. 
T h i s (induced c o n t r a c t i o n ' cannot be ex tended to a f o u r t h ga l 
vanoscopic l eg . 

I f t he nerve o f the galvanoscopic l e g be l e f t i n connect ion w i t h 
t h e rest o f the f rog ' s b o d y , and the n e r v e be l a i d across the th ighs 
o f a ( Galvani ' s f r o g , ' as i n fig. 208 ; these b e i n g exc i t ed to con
t r a c t , n o t o n l y the galvanoscopic l e g , c, b u t the opposite l eg , F , 
c o n t r a c t ; the one b y d i r e c t s t i m u l u s o f t h e sciat ic ne rve , the 
o ther b y s t imu lus o f the m y e l o n f r o m the i n f e r e n t or ' sens i t ive ' 
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fibres o f the ne rve , c , ref lec ted u p o n the l i m b , P . I n shor t , t h a t 
muscle w i l l con t rac t w h e n the s t i m u l a t i n g c u r r e n t has i t s o r i g i n 

i n a source e x t e r n a l t o t h a t body . 

Galvanoscopic leg, c, in connection with the rest of the frog, P, laid across a' Galvani's frog.' CCV. 

Immerse each l eg o f a * Galvani ' s f r o g ' i n a c u p o f w a t e r , 
the posi t ive w i r e , P, o f a vo l t a i c b a t t e r y b e i n g p laced i n one 
cup , the negat ive w i r e , N , i n the o ther , as i n fig. 209 . I n 

Frog, as prepared hy Galvani. P, positive wire: N, negative wire: of the battery; o, connecting wire of 
the two vessels. 

the limb A the current runs in the reverse direction of that 
o f t h e v o l i t i o n a l nervous f o r c e : i n the l i m b B i t r u n s i n t h e 
same d i r ec t ion . A f t e r t he vo l t a i c c u r r e n t has passed a short 
t i m e t h r o u g h the nerves , cont rac t ions occur i n the l i m b B , n o t i n 
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the l i m b A , i n 1 m a k i n g ' t he c u r r e n t , o r c o m p l e t i n g the c i r c u i t ; 
w h i l s t contrac t ions occur i n the l i m b A i n ' b r e a k i n g ' t he cu r ren t , 
as b y r e m o v i n g one o f t h e w i r e s : t h e l i m b i n w h i c h the cu r r en t 
is d i r ec t contracts o n m a k i n g the c u r r e n t ; t he l i m b i n w h i c h the 
c u r r e n t is inverse contrac ts o n b r e a k i n g the c u r r e n t . I t needs 
o n l y to leave one w i r e i n the w a t e r , a n d t o r emove or in t roduce 
the o ther , i n order t o ' b r e a k ' o r ' m a k e ' t he c u r r e n t . I f the t w o 
vessels be f u r t h e r connected b y a conduc tor o f copper w i r e , as at 
O, fig. 209 , cont rac t ions o f b o t h l i m b s t ake place o n b o t h m a k i n g 
a n d breaking; the connect ion . 

i S e u r i c i t y 1 is n o t e l e c t r i c i t y , any more t h a n is m y o n i c i t y ; 
b o t h are pecu l ia r modes o f po la r fo rce . A n y p o i n t o f the surface 
o f a ne rve is pos i t ive i n r e l a t i o n to a n y p o i n t o f t h e transverse 
section o f the same ne rve , j u s t as a n y p o i n t o f the surface o f 
a muscle is pos i t ive i n r e l a t i o n t o any p o i n t o f the transverse 
section o f t h e same musc l e . 2 L i g a t u r e o f a ne rve arrests the 
nervous c u r r e n t , n o t the e lec t r ic c u r r e n t ; a d i v i d e d nerve con
nected b y an e lec t r ic conduc tor t r ansmi t s t h e e lec t r ic c u r r e n t ; 
b u t the nervous c u r r e n t exc i t ed b y s t i m u l u s above the section 
is arrested b y the e lec t r ic conduc tor . N e u r i c i t y is convert ible 
i n t o m y o n i c i t y a n d i n t o o ther f o r m s o f po la r fo rce , j u s t as 
m y o n i c i t y or the muscu la r f o r ce m a y be disposed o f b y conver
sion i n t o heat , 3 e l e c t r i c i t y , 4 a n d c h e m i c i t y , t he l a t t e r shown b y the 
e v o l u t i o n o f carbonic ac id . 5 M o l e c u l a r change, i n nervous and i n 
muscu la r fibre, at tends the exercise o f t h e i r respect ive forces. 

§ 57. Sympathetic system.—This consists o f one or more ganglia, 
u s u a l l y a series o f such a r ranged o n each side o f the ver tebral 
centres f r o m near the occ ipu t t o the opposi te end o f the abdominal 
c a v i t y , or t o the an te r io r caudal vertebra?. W h e r e the gangl ia are 
numerous t h e y are connected i n each l a t e r a l series b y a band of 
nervous fibres, a n d resemble a p a i r o f g a n g l i a t e d cords. These 
communica te w i t h the con t iguous sp ina l nerves , and w i t h the 
c ran ia l nerves, u s u a l l y t h r o u g h s m a l l gang l i a i n d i f f e r e n t parts o f 
the head, fig. 206 . A t the caudal end t h e t w o sympathe t ic cords 
u s u a l l y u n i t e w i t h a s ingle g a n g l i o n i n t h e unde r or fo r e par t o f 
the b o d y o f the an te r io r caudal ve r t eb ra . 

A sympathe t ic g a n g l i o n is a b o d y connected w i t h bundles o f 
ne rve- f ib res , t he c h i e f p roceed ing to or f r o m i t i n t h e d i r ec t ion o f 
i t s axis , the smal ler nerves d i v e r g i n g m o r e o r less transversely. 

' 'Vis nervosa,' 'Nervous force,' ' Nervous fluid;' it is in relation to the latter name, 
expressive of an exploded idea, that the term ' current' is still used in reference to the 
course of the polar force, whether nervous, magnetic, or electric 

2 ccxi. 3 ccix. 4 Ib. 5 Ib. 
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I t consists o f ' gang l ion ic corpuscles, ' or ganglion-vesicles, fig. 210 , 
a, b, c, and nerve-f ibres , imbedded i n a nuclea ted fibrous t issue. 

T h e gang l ion vesicle m a y be 
c i rcumscr ibed, or be con t inued 
in to a ne rve- f ib re , or i n t o t w o 
nerve-f ibres f r o m opposite poles 
o f the ves ic le ; i t is t e rmed ac
c o r d i n g l y ' apolar , ' ' un ipo la r , ' and 
' b i - p o l a r : ' the last is the most 
common f o r m , the first p robab ly 
a genet ic stage. W h e n a gan 
g l ion -ce l l is connected b y more 
than t w o processes w i t h nerves, 
i t is a ' m u l t i p o l a r c e l l : ' these 
are most common i n the e-ano-lia ™ „. 

r» . -, „ , & fc> F r o m t he sympathetic (gastric) ganglion of the Ray. 
o l the m a m cord o f the sympa- I c c x x u -
t h e t i c ; the b ipolar cells p r e v a i l m t h e gang l i a o f the pos te r ior 
roots ot the spinal nerves, fig. 

2 0 1 . T h e nerve-f ibres i n gangl ions 
consist o f the ' w h i t e ' or broader 
k i n d , and o f the ' g r e y ' o r finer k i n d ; 
there are also s t i l l more m i n u t e 
b u t sol id or homogeneous fibres, 
s u r r o u n d i n g and connect ing the 
t r u e nervous const i tuents o f the 
gang l ion . A nerve on en t e r i ng 
a gang l ion breaks u p i n t o i t s 
component fibres, w h i c h in te r lace 
about the gangl ion-cel ls , some
t imes w i n d i n g r o u n d t h e m , w i t h 
p l e x i f o r m interchanges o f fibres 
f r o m other en t e r i ng nerves and 
f r o m the cells. 

B i d d e r and V o l k m a n 1 g i v e the 
subjoined m a g n i f i e d v i e w , fig. 
212, o f the ' i n t e r c o m m u n i c a t i n g ' 
nerve-f ibres be tween a sympathe t i c 
gang l ion and a sp ina l nerve i n the 
F r o g . H p is the sympathe t ic , H 
s h o w i n g the p a r t n e x t the h e a d ; 
c p is the spinal nerve , c s h o w i n g 
t h e p a r t n e x t the m y e l o n ; „ i s ° a p o r t i o n o f t h e c o m m u n i c a t ; i l g 

1 ccxii. 

A. Spinal ganglion of the Ray, 40 diameters. 
a. Portion of the same, dissected, ccxxn. 
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b r anch passing to the m y e l o n ; b, a p o r t i o n passing to the pe r i 
p h e r y ; c, fibres o f the c o m m u n i c a t i n g ne rve passing i n the 
sympathe t ic towards the h e a d ; cl, s imi l a r fibres passing towards 

the p e l v i s ; g, g, are gangl ion-ce l l s ; h, specks o f p i g m e n t , wh ich 
m a r k the gangl ions i n the F r o g . 

§ 58. Sympathetic of Fishes.— T h i s sys tem, as be ing an off
shoot or subordinate e lement o f the genera l myelencephalous 
series o f nerve-organs, is d i f f e r e n t i a t e d b y progressive steps. I n 
the M y x i n o i d Fishes i t is represented b y t h e in t e s t ina l branch 
con t inued f r o m the confluence o f the t w o n e r v i v a g i . I n Osseous 
Fishes the v iscera l plexuses are c o n t i n u e d i n t o or connected w i t h 
slender nerves, accompany ing the aor ta a l o n g t h e haemal canal, 
and represen t ing the t r u n k s o f the sympa the t i c i n h ighe r Ve r t e 
brates. T h e first or an te r io r c o m m u n i c a t i o n o f t h i s nerve , i n the 
C o d , is w i t h a b r a n c h o f the fifth, and a filament is sent f o r w a r d 
to the c i l i a r y g a n g l i o n : i n the C a r p a filament j o i n s the abducent 
ne rve , t o w h i c h C u v i e r t h o u g h t he h a d also t raced a filament of 
the sympathe t ic i n the C o d ; the sympa the t i c n e x t communicates 
w i t h t h a t an te r ior p o r t i o n o f the vagus ( t h e glosso-pharyngeal) 
w h i c h j o in s p a r t o f the acoustic ne rve , and suppl ies the first par
t i t i o n o f the g i l l s ; the sympathe t i c t r u n k s also receive accessions 
f r o m the t r u n k s o f the vagus , and , c o n v e r g i n g , i n t e rcommunica te 
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b y a cross b r a n c h : t h e y t h e n send nerves w h i c h j o i n the gastr ic 
branches o f the v a g i , i n order to f o r m or j o i n a splanchnic gang l i on 
and plexus on the mesenter ic a r t e ry , f r o m w h i c h p lexus branches 
are sent to the intest ines , pancreas, and spleen. T h e sympathe t ic 
t r u n k s are con t inued on each side o f the aorta, a long the back o f 
the abdomen, i n t o the haemal cana l ; communicate , i n t he i r course, 
w i t h the v e n t r a l branches o f each o f the spinal ne rves ; supp ly b y 
filaments, u sua l l y accompanying the arteries, the k i d n e y s , the 
generat ive glands, and the u r i n a r y bladder, where th i s ex i s t s ; 
and o f t e n , finally, b l end together i n t o a common t r u n k beneath 
the t a i l . Gangl ions are sometimes f o u n d at the j u n c t i o n o f the 
sympathet ic w i t h the fifth, as w e l l as a t t h a t w i t h the glosso
pharyngea l and w i t h the vagus, before the grea t splanchnic is 
f o r m e d : smal l ganglions are more r a r e l y discernible at the j u n c t i o n 
o f the sympathet ic w i t h the spinal nerves. 

T h e splanchnic g a n g l i o n o f the Skate is a la rge f u s i f o r m b o d y , 
o f an ash-red c o l o u r ; the succeeding gang l ia on the t r u n k s o f 
the sympathet ic are l a rger and more constant t h a n i n Osseous 
Fishes ; b u t the i n t e r v e n i n g chords are semi-transparent . 

§ 59. Sympathetic of Reptiles.—The t r u n k s o f the sympathet ic 
appear, i n the F r o g , t o be f o r m e d i n a grea t p r o p o r t i o n b y con
t r i b u t i o n s f r o m or communicat ions w i t h the spinal ne rves ; there 
are, however , s l i g h t enlargements at the po in ts o f connect ion , 
o f t e n m a r k e d b y p igment -ce l l s , i n w h i c h t r u e gangl ion-cel ls 
occur , as shown i n fig. 212 , h. 

I n Ophidia the t r u n k s o f the sympathe t ic , conspicuous at the 
an te r ior p a r t o f the t r u n k - c a v i t y , on each side the ve r t eb ra . 
bodies, show as l i t t l e any enlargements where t h e y receive the 
c o m m u n i c a t i n g branches o f the sp ina l nerves as i n Batrachia. 
T h e y s l i g h t l y d iverge as t h e y approach the basis c r a n i i , and are 
re f lec ted ou twards to the vagus, f o r m i n g a conspicuous g a n g l i o n 
at the j u n c t i o n . F r o m th i s g a n g l i o n the sympathe t ic is con t i nued 
f o r w a r d i n a canal o f the basisphenoid, and f o r m s a smal l g a n g l i o n 
w i t h a b r a n c h o f the second d iv i s ion o f the fifth; i t sends fila
ments t o the membrane c o v e r i n g the poster ior p a r t o f the m o u t h 
and palate , one o f w h i c h communicates again Avith the m a x i l l a r y 
nerve . F r o m the las t g a n g l i o n there proceeds e another b r a n c h 
f o r w a r d to f o r m another gang l ion ic u n i o n ' (spheno-palat ine) ' w i t h 
a b r a n c h o f the second t r u n k o f the fifth, and f r o m th is a b r a n c h 
is sent to the pos ter ior p a r t o f the nose, t o r a m i f y o n the schnei-
de r i an m e m b r a n e ; o ther branches are g i v e n to the membrane 
c o v e r i n g the m o u t h and palate, and one passes f o r w a r d and com
munica tes aga in w i t h a b r anch o f the second t r u n k o f the fifth, 
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and is d i s t r i b u t e d o n the membrane c o v e r i n g the an t e r io r pa r t o f 
the m o u t h and palate . I t is w o r t h y o f r e m a r k t h a t the nerves 
d i s t r i b u t e d on the membrane o f the m o u t h and nose communicate 
so m a n y t imes w i t h branches o f the second t r u n k o f the fifth, and 
t h e i r connec t ion is so m u c h grea ter t h a n i n t h e T u r t l e ; b u t i n 
t h i s crea ture the palate is h o r n y , a n d n o t so extensive i n propor
t i o n to the size o f the head. 3, p r o l o n g a t i o n o f t h e sympathet ic 
connected w i t h the t r u n k o f the par v a g u m , b u t n o t d i r e c t l y w i t h 
the g a n g l i o n o f the s y m p a t h e t i c ; i t communica tes w i t h the n i n t h 
ne rve , t h e n passes d o w n the spine, a n d communicates w i t h the 
e leven super ior sp ina l n e r v e s ; i t emerges o n each side at the 
place the super ior branches o f t h e v e r t e b r a l a r t e r y enter to dis
t r i b u t e branches i n the in te rcos ta l spaces ; i t is con t inued down
wards i n a v e r y fine p l e x i f o r m p r o l o n g a t i o n w i t h the vertebral 
a r t e ry , as f a r as the o r i g i n f r o m the r i g h t a o r t a ; i t t hen branches 
t o each side benea th the membrane c o n n e c t i n g the viscera w i t h 
t he r ibs and spine, a n d communica tes w i t h filaments o f the par 
v a g u m ; i t is a f t e rwards c o n t i n u e d d o w n w a r d s , r ece iv ing a fila
m e n t f r o m each sp ina l n e r v e ; i n i t s course i t is a v e r y fine nerve, 
and has n o t any more gang l i a t h a n t h e first, and those communi
ca t i ng w i t h the second t r u n k o f the fifth ; b u t a t d i f f e ren t points 
f r o m w h i c h the nerves pass t o t h e viscera, the re is an appearance 
o f a delicate p l e x u s : th i s p l e x i f o r m s t r u c t u r e varies i n different 
par ts , a n d becomes m u c h grea ter abou t t h e b e g i n n i n g o f the 
in tes t ine , w h e r e i t resembles t h a t cor responding w i t h the semi
l u n a r g a n g l i o n i n the T u r t l e : near t h e k i d n e y i t assumes the 
f o r m o f a nervous membrane or r e t i n a , be fo re i t is d i s t r ibu ted on 
the u r i n a r y and genera t ive organs. Branches pass f r o m the 
plexuses w i t h the ar ter ies t o the d i f f e r e n t v i sce ra . ' 1 

Bojanus describes t h e sympathe t i c ne rve o f t h e Emys Europcea 
as accompany ing t h e c a r o t i d a r t e r y i n t o t h e c r a n i u m , and un i t i ng 
w i t h the v i d i a n and the f a c i a l nerves . O n issuing; from the 
c r a n i u m i t is c losely connected w i t h the vagus and w i t h the 
g losso-pharyngeal nerves , so t h a t i t is d i f f i c u l t t o say whether a 
super ior ce rv i ca l g a n g l i o n exists or n o t ; a n d as the cervical 
vertebra? are r ib less , the re is no ' v e r t e b r a l canal , ' and the nerve 
is closely connected Avith the vagus t h r o u g h o u t t h e w h o l e length 
o f t he neck. B e l o w the s i x t h c e r v i c a l v e r t e b r a the sympathetic 
nerve separates i t s e l f f r o m t h e sheath o f the vagus , a n d becomes 
connected w i t h a m i d d l e ce rv i ca l g a n g l i o n , whence issue filaments 
t h a t are d i s t r i b u t e d to the aorta , t he cardiac p l e x u s , a n d the cceliac 
p lexus . B e t w e e n the seventh and e i g h t h ce rv i ca l vertebra? is 
s i tua ted the i n f e r i o r ce rv ica l g a n g l i o n , l i k e an e longated swe l l ing 

1 XLIV. p. 66. 
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o f the n e r v e ; subsequent ly t w o dorsal gang l ia occur, and f u r t h e r 
d o w n , towards the midd l e o f the back, there occurs a t h i r d and last 
gang l ion , w h i c h fu rn i shes the splanchnic n e r v e : the remainder o f 
the sympathe t ic is made u p o f one or t w o cords, w h i c h , i n the 
sacral r eg ion , g i v e o f f a great n u m b e r o f branches, the divis ions o f 
w h i c h f o r m the rena l , hypogas t r i c , and sacral plexuses. 

I n the T u r t l e ( Chelone) the cerv ica l p o r t i o n o f the sympathet ic 
has the same exposed pos i t ion , and communicat ions , w i t h the vagus 
above and the a x i l l a r y p lexus be low, sending o f f filaments also to 
the arteries. T h e b ranch accompanying a d iv i s ion o f the ca ro t id 
i n a canal at the base o f the s k u l l gives a filament to the p o r t i o 
dura , and communicates w i t h the m a x i l l a r y p a r t o f the fifth, t o 
te rmina te on the back pa r t o f the palate. A n o t h e r b ranch enters 
w i t h another d iv i s ion o f the ca ro t id i n t o the r e t i cu l a r sinus close 
to the a u d i t o r y meatus, and communicates w i t h the po r t i o dura , 
glossopharyngeal , and n i n t h nerves. I n the t r u n k - c a v i t y , the 
sympathet ic passes f r o m gang l ion to gang l i on as t w o cords, a t h i c k 
and a fine one, ne i the r o f w h i c h passes b e h i n d the neck o f the 
r i b ; the i n t e r c o m m u n i c a t i n g branches w i t h the sp ina l nerves are 
pe r fo ra t ed b y an an te r ior b ranch o f the in te rcos ta l a r t e ry . T h e 
c h i e f nerves g i v e n o f f f r o m the sympathet ic f o r m t w o plexuses, i n 
the place o f the ' s e m i l u n a r g a n g l i a ' o f m a m m a l s : the smaller 
p lexus sends filaments a long the coeliac a r t e ry to the stomach, the 
l a rge r p lexus a long the mesenteric a r t e r y to the intest ines. O t h e r 
branches pass to the k idneys , and the communica t ions w i t h the 
spinal nerves m a r k o u t the delicate p ro longa t i on o f the s y m p a 
the t i c t o b e h i n d the r e c t u m . 

I n the Crocodi le the ce rv ica l p a r t o f the sympathe t i c l ies i n 
the ' v e r t eb r a l canal, ' or be tween the neck and tube rc le o f the r i b , 
and the gangl ions are more d i s t i nc t whe re the communica t ions 
w i t h the sp ina l nerves occur , f r o m the ce rv ica l t o the l u m b a r 
r eg ion . T h e i n t e r g a n g l i o n i c l o n g i t u d i n a l t r u n k s are t w o , one 
passing b e h i n d the neck o f the r i b where i t exists, a t the fo r e -pa r t 
o f the chest. T h e l o n g i t u d i n a l t r u n k s converge, and u n i t e u p o n 
the b e g i n n i n g o f the caudal a r t e ry . T h e r e is m u c h p i g m e n t a l 
m a t t e r u p o n the sheaths o f the gangl ions and nerves. 

§ 60 . Appendages of the Nervous System. — C e r t a i n nerves, as 
those o f the p a l m and sole i n M a n , and those o f the mesentery i n 
o ther mammals , have pecul ia r corpuscles appended to t h e m , ca l led 
' p a c i n i a n , ' a f t e r t h e i r discoverer. F i g . 213 shows one o f the nerves 
o f t he p a l m w i t h the corpuscles appended, o f the n a t u r a l size. 
Those i n the mesentery o f the cat are numerous , conspicuous, and 
f a v o u r a b l e subjects f o r microscopica l i nves t iga t ion . T h e y show 
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Nerve of the palm, 
with Pacinian cor
puscles, Human. 

ccxxvin. 

a pedicle and capsule, w i t h a canal and cen t r a l c a v i t y . A single 
213 nervous f i b r e , f i g . 214 , n, leaves i t s fasciculus w i t h 

a p o r t i o n o f the nerve-sheath, i b . b, and proceeds 
to the centre o f a series o f concentr ic capsules, 
o f a nuclea ted fibrous tissue. T h e nerve , n, on 
en t e r i ng the cen t r a l c a v i t y , loses i t s w h i t e sub
stance, and , a t the opposite end o f the axia l cavi ty , 
t e rminates b y a t u b e r c u l a r enlargement . A n 
a r t e r i a l t w i g , a, accompanies the ne rve - f ib re along 
the pedic le , and divides i n t o capi l lar ies , w h i c h f o r m 
loops i n some o f the in te rcapsu la r spaces. The 
cen t ra l c a v i t y contains a clear fluid: i t varies much 
i n shape. 

A n a l o g o u s bodies were discovered b y Savi , 
| | a r ranged i n l inea r series, b o r d e r i n g the anterior 

p a r t o f the m o u t h and nos t r i l s , and extending 
over the surface o f the f o r e - p a r t o f the elec
t r i c a l organs i n the T o r p e d o ; t h e y are appended 

to and appear to be t e r m i n a l developements o f the filaments of 
the fifth pa i r o f nerves. Each 
f o l l i c l e , fig. 215 , is f o r m e d of two 
l a rge r capsules, f and g, which 
adhere toge ther near the fibrous 
band , c, c, s u p p o r t i n g and fixing 
the o r g a n ; i t contains a granular 
substance, e, o n w h i c h lies the 
n e r v e - t w i g , b, d, t r ansmi t t ed f r o m 
the ne rve , a. T h i s t w i g commonly 
receives a smal ler anastomosing 
filament, k, f r o m a contiguous 
f o l l i c l e . Sometimes t w o nerve-
t w i g s pass f r o m the m a i n branch 
to the same f o l l i c l e , i n w h i c h case 
i t contains t w o d i s t i nc t granular 
masses. These fo l l i c l e s are de
ve loped f r o m gang l ion ic or sensory 
branches o f the fifth nerve. N o 
p rope r pac in ian corpuscles have 
been observed i n connect ion w i t h 
th i s ne rve , n o r w i t h the glosso-

^ p h a r y n g e a l , t he p o r t i o dura , or 
"n any p u r e l y m o t o r nerve . 

Pacinian corpuscle, on mesenteric nerve of cat. Besides t h e Savian COrDUSCleS 
Magn. ccxxix. 1 
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the Torpedo has a system of mucous organs i n i n t i m a t e connec
t i o n w i t h nerves o f sensat ion: b u t th i s is common to i t w i t h o ther 
Plagiostomes. T h e system 
commences, i n the T o r p e d o , 
b y groups o f g lobu la r vesicles, 
fig. 139, M , a r ranged s y m 
m e t r i c a l l y , outside the elec
t r i c a l organs, f r o m w h i c h 
tubes are con t inued i n para l le l 
bundles u n t i l t h e y separate 
themselves to per fora te the 
s k i n , and t e rmina te b y o r i 
fices, some at the dorsal , some 
at the v e n t r a l surface o f the 
head. A b ranch o f the gang 
l ion ic pa r t o f the fifth expands 
u p o n the a m p u l l i f o r m com
mencement o f each o f the muci fe rous tubes. S i m i l a r organs 
ex is t i n Sharks. H u n t e r placed first i n the series o f specimens 
o f organs o f t ouch i n Fishes the snout o f the Spo t t ed D o g - f i s h 
( S c y l l i u r n ) , ( t o show the manner o f t h e nerves r a m i f y i n g , as also 
t h e i r apparent t e r m i n a t i o n i n th is pa r t , each u l t i m a t e nerve 
appear ing to t e rmina te i n the b o t t o m o f a t ube or duc t , the sides 
o f w h i c h secrete and convey a t h i c k mucus to the s k i n . ' 1 

Jacobson compares t h e m to the whiske r s i n the Cat . Besides the 
r o s t r u m , these nervo-mucous organs are s i tua ted u p o n the sides 
and under p a r t o f the head, and on the f o r e p a r t o f the t r u n k ; 
t hey are c r o w d e d be tween the masseter, fig. 132, /, and the 
b ranch ia l openings, i b . q, whe re t h e y separate i n t o t w o groups , 
one d i v e r g i n g d o w n w a r d , f o r w a r d , and b a c k w a r d , to beneath the 
pectora l fin; the o ther d i rec ted u p w a r d , f o r w a r d , and b a c k w a r d , to 
the occiput . 

§ 6 1 . Organ of Touch in Hcematocrya. — I n the Dermopteri, 
the Anguillidce, S i l u r o i d s , and a f e w o ther Fishes , w i t h the i n 
t egumen t w h o l l y or i n p a r t scaleless, or w i t h v e r y m i n u t e and 
delicate scales, l u b r i c a t e d w i t h mucus , the w h o l e or m a j o r pa r t o f 
the ex te rna l surface m a y be susceptible o f impressions f r o m the 
surface o f ex t raneous bodies c o m i n g i n contact t h e r e w i t h . B u t 
i n the m a j o r i t y o f the class the exercise o f any f a c u l t y o f t o u c h 
mus t be l i m i t e d to the l i p s , t o par ts o f ce r t a in fins, or t o the 
special ly developed organs ca l led ' barbules . ' 

215 

One of the follicular nervous organs of the Torpedo. 
Magn. LXXVII. 

1 xx. vol. i i i . p. 55, prep. no. 1395. 



326 ANATOMY OF VERTEBRATES. 

Such an organisa t ion o f a f o l d o f s k i n b o r d e r i n g the m o u t h as 
impl ies the t a c t i l e f a c u l t y is r a re i n F i s h e s ; t h e C y p r i n o i d s 
e x e m p l i f y i t , and more especial ly m a n y o f the I n d i a n species: 
also the mar ine f a m i l y o f L a b r o i d s . I n the S tu rgeon the l i p has 
numerous papillae, a n d more m i n u t e papillae occur on the l ips o f 
m a n y f r e sh -wa te r fishes. I n the E e l s the u p p e r l i p is r i c h l y 
suppl ied b y the fifth n e r v e , a n d the uppe r l i p o f the Lepidos i ren 
is papi l lose. T h e sof t s k i n o f the s u c k i n g - l i p o f the L a m p r e y is 
w e l l supp l i ed w i t h a r e t i cu l a t e a r r angemen t o f sensit ive filaments 
f r o m the fifth; i t s m a r g i n is papi l lose , fig. 277 . T h e associated 
pectora l and v e n t r a l fins, f o r m i n g the sucker i n the Lump-f i shes , 
have a t e x t u r e o f t h e app l i ed surface, w h i c h seems adapted to 
receive impress ions f r o m t h e p a r t i t touches, w h e r e b y the fish 
m a y ascertain i t s fitness or o the rwise f o r the appl ica t ion o f the 
anchor ing organ . 

T h e pec tora l fins seem t o be app l i ed occasional ly to explore the 
na tu re o f the b e d o f the w a t e r i n h a b i t e d b y the fish; and i n the 
G u r n a r d s ( Triglidce) t h ree sof t flexible rays are detached f r o m the 
fin, l i k e fingers, fig. 8 2 , and the l a rge nerves s u p p l y i n g them have 
gang l ion ic enlargements a t t h e i r o r ig ins . T h e filiform radial 
appendages o f the Polynemidce, and the p r o l o n g e d v e n t r a l fins o f 
Osphromenus, Trichogaster, a n d o ther L a b y r i n t h i b r a n c h s , and of 
the Ophidi idae, en ter i n t o the present class o f organs. The 
barbules are l o n g , slender, p o i n t e d processes o f the s k i n , either 
med i an or i n p a i r s : t he f o r m e r are l i m i t e d to the under j a w , as i n 
the C o d ; t h e l a t t e r m a y be developed f r o m b o t h j a w s , and are 
ca l led , accord ing t o t h e i r pos i t i on , ' p r e m a x i l l a r y , ' ' angular , ' 
' nasal, ' & c . T h e y are c o m m o n l y f o u n d i n the g r o v e l l i n g fishes, 
such as the Sheat-fishes, Loaches , B a r b e l s , S turgeons , fig. 123, b, 
or i n the paras i t ic M y x i n e s , fig. 248 . T h e nerves supp ly ing the 
barbules are la rge and d e r i v e d f r o m gang l ion ic divis ions o f the 
fifth pa i r . A C o d , b l i n d b y absence or des t ruc t ion o f both 
eyebal ls , has been cap tu red i n good c o n d i t i o n ; and i t may be 
supposed to have f o u n d i t s f o o d b y e x p l o r i n g w i t h t h e symphysial 
ba rbu le , as w e l l as b y the sense o f s m e l l . 1 T h e sub l i ngua l fila
m e n t o f m a n y Uranoscopince, and the r o s t r a l tentacle o f Malthe 
and Halieutcea,2 m a y also exercise a t a c t i l e f a c u l t y . T h e limbs 
o f L e p i d o s i r e n , fig. 100, have the gene ra l f o r m ra the r o f organs 
o f exp lo ra t i on t h a n o f l ocomot ion . 

T h e scaleless c o n d i t i o n o f the s k i n i n Batrachia makes i t more 

1 XCTII I . p. 72. 
2 CLXXIV. i i i . p. 204. The homologous orgaus in Lophius seem to act as bait, to 

attract small fishes. 
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susceptible o f impressions t h a n i n h ighe r Reptilia; the discoid 
expansions o f the toe-ends i n Hyla, and the filamentary appen
dages o f the toes i n Pipa, m a y have more sense o f f e e l i n g t h a n 
other par ts , b u t seem n o t t o be app l ied i n act ive t o u c h . T h e 
l ab i a l papillae o f l a r v a l F r o g s are so* placed and suppl ied b y nerves 
as to suggest a t ac t i l e f u n c t i o n . C e r t a i n Ophidians , e. g . Herpeton 
tentaculatum, have a pa i r o f t en tacular appendages u p o n the 
s n o u t : b u t the l o n g , extensi le , f o r k e d , filiform tongue seems to 
be used r a the r as an organ o f exp lo ra t ion t h a n o f taste i n most 
Serpents , and i n the s lender- tongued L i z a r d s . T h e expanded 
toes o f Geckos , fig. 162 , the short , t h i c k , scansorial ly-opposed 
d ig i t s i n Chameleons, and the concave surface o f t h e i r prehensile 
t a i l , a l t hough m a i n l y modi f ica t ions f o r locomot ive purposes, may 
w e l l be supposed to have a surface more sensit ive t h a n o ther 
parts o f the body. T h e snou t - l ike p r o d u c t i o n o f the upper l i p 
i n Trionychidai and Chelys, w i t h the subs id iary t e g u m e n t a r y p r o 
duct ions o f the head i n the l a t t e r , are p robab ly more d i r ec t and 
ac t ive i n s t rumen t s o f t ac t i l e exp lo ra t i on i n these sof t - sk inned , 
m u d - h a u n t i n g , and ch i e f ly n o c t u r n a l Chelonia. Some n o c t u r n a l 
Tree-Snakes (Dryophys, Passerita) have a p ro longed snout. 

§ 62. Organ of Taste in Reptiles.—The glosso-hyal , fig. 85 , 42, 
does n o t suppor t , i n Fishes , an organisa t ion o f sof t parts f o r a 
special sense o f t a s t e : and the descr ip t ion o f the tongue and o ther 
p ro jec t ions and s t ruc tures i n the i n t e r i o r o f the m o u t h w i l l be 
g i v e n i n connect ion w i t h the p repara to ry d iges t ive organs. A 
tongue , as a g u s t a t o r y o rgan , is as l i t t l e developed i n the p e r e n n i -
b ranch ia l Rep t i l e s , and is absent i n the marsup ia l Toads (Pipa). 
T h e r e is as l i t t l e t race o f tongue d u r i n g mos t o f the l a r v a l pe r iod 
i n o ther Anura; b u t , about the t i m e w h e n the f o r e l i m b s are i n 
b u d , the membrane c o v e r i n g the bas ihya l begins to develope vas
cu la r f u n g i f o r m papillae, w i t h looped capi l lar ies and muscu la r fibre: 
the w h o l e mass g r o w i n g and e x t e n d i n g f r o m before b a c k w a r d , and 
c o n s t i t u t i n g the r e t r o f l e x e d tongue , b y the t i m e the t a i l is a t roph ied . 
T h e f r e e p a r t is u s u a l l y b i f i d or b i l obed . I t is m a i n l y an o rgan 
o f prehens ion, and w i l l be described as such, toge ther w i t h t h e 
t ongue o f the Chameleon , i n connect ion w i t h the organs o f n u t r i 
t i o n . I n the t h i c k - t o n g u e d L i z a r d s , e. g . Iguana tuberculata, t he 
d o r s u m and sides o f the tongue are m i n u t e l y pap i l l o se ; i n Tiliqua 
scincoides t h e y are coarsely pap i l lo se : b o t h the f o o d and the t ee th o f 
these Sauria ind ica te a ce r t a in a m o u n t o f mas t ica t ion , w i t h w h i c h 
the sense o f taste is corre la ted . I n mos t R e p t i l i a the f o o d is b o l t e d 
en t i r e . I n the Tor to i se ( Testudo indica) t he tongue is beset w i t h 
numerous e longated and p o i n t e d papil lae: i n the T u r t l e (Chelone 
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mydas) the t o n g u e is w r i n k l e d and d e v o i d o f papillae. I n the 
Crocodiles the tongue has no p r o j e c t i n g e x t r e m i t y , and is b u t 
s l i g h t l y raised above the l e v e l o f the membrane w h i c h attaches its 
c i rcumference to the m a n d i b l e : b u t i t s d o r s u m is m a r k e d b y a 
g r o u p o f fo l l i c l e s and increased v a s c u l a r i t y o f t h a t p a r t o f its 
surface. 

§ 63. Organ of Smell in Hcematocrya.—The essential character 
o f the organ o f smel l , i n Fishes , is the p i t u i t a r y membrane l i n i n g 
a sac w i t h one or more aper tures u p o n the ex te rna l sur face ; and 
tha t , i n the f e w except ions i n w h i c h i t is ex tended in to a canal 
c o m m u n i c a t i n g w i t h the m o u t h or fauces, such naso-palatine canal 
is never t raversed b y the r e sp i r a to ry m e d i u m i n i t s course to the 
resp i ra to ry organs. 

T h e ex t remi t i e s o f the o l f a c t o r y nerves , fig. 203 , o, expand 
u p o n the p i t u i t a r y membrane , w h i c h is h i g h l y vascular, and is 
covered b y c i l i a t ed e p i t h e l i u m : i t s extensive surface is packed 
i n t o the smal l compass o f the o l f a c t o r y capsule b y numerous folds. 
T h e capsule is f o r m e d b y a fibrous membrane , w h i c h is sometimes 
suppor ted b y a ca r t i l ag inous , and more f r e q u e n t l y b y an osseous, 
basis, ca l led the ' t u r b i n a l bone, ' fig. 8 1 , 19.1 

I n the Dermopteri the o l f a c t o r y o rgan is s i n g l e : K o l l i k e r 2 

regards as such a sma l l , b l i n d , t e g u m e n t a r y depression, fig. 169, ol, 
beset w i t h v i b r a t i l e c i l i a , and connected w i t h the anter ior end of 
the quas i -bra in o f the Brancliiostoma. T h e more obvious and 
sa t i s fac tor i ly de t e rmined o l f a c t o r y o rgan o f the Ammocete is i n the 
med ian l i n e , open ing above the m o u t h i n f r o n t o f the brain-sac, 
fig. 59 , 19, whence a n a r r o w canal is p roduced b a c k w a r d f r o m the 
b o t t o m o f the sac to t h e base o f the s k u l l . I n the M y x i n e the 
parietes o f the o l f a c t o r y canal are s i m i l a r l y s i tua ted , l ined b y a 
l o n g i t u d i n a l l y - p l i c a t e d p i t u i t a r y membrane , and are strengthened 
b y car t i l ag inous r i n g s , l i k e a t rachea. T h e naso-palatine tube 
opens b a c k w a r d u p o n the r o o f o f the m o u t h , and th i s opening is 
p r o v i d e d w i t h a va lve . I n the L a m p r e y t h e flask-shaped nasal 
sac, fig. 6 1 , k, opens u p o n the t o p o f the h e a d : a simple mem
branous tube is c o n t i n u e d f r o m the expanded b o t t o m o f the sac, 
w h i c h dilates as i t descends, b u t t e rmina tes i n a b l i n d end at the 
h y p o p h y s i a l v a c u i t y , fig. 60 , hy, o f the base o f the s k u l l , where 
the mucous membrane o f the palate passes over i t ent i re and 
i m p e r f o r a t e . 3 

I n a l l Fishes , save the Dermopteri, t he o l f a c t o r y organs are 
double , and t h e y have no c o m m u n i c a t i o n w i t h the m o u t h . I n 

1 LIV. 2 xxxn. p. 32, pi. ii. fig. 5, A. 3 xxi. pi. 43, figs. ii. & iv. 
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Osseous Fishes t h e y are s i tua ted on the sides o f the snout*, i n a 
cav i ty f o r m e d b y the nasal, fig. 75 , 15, the p r e f r o n t a l , 14, the 
l a c r y m a l , 73, the p r e m a x i l l a r y , 22, and the vomer. T h e capsules 
are covered e x t e r n a l l y b y the s k i n , w h i c h is u sua l ly p ierced b y 
t w o openings f o r each sac: the Chromides , and a l l the Wrasses 
w i t h c tenoid scales, have a single opening f o r each nose-sac; 
where there are t w o nost r i l s the poster ior is usua l ly open, t h e 
an te r ior closed, as b y a sphincter or a v a l v e : the anter ior aper ture 
is o f t e n produced i n t o a t u b u l a r process, as i n the L o a c h , w h i c h 
acts, e i ther b y muscu la r power or b y some mod i f i ca t i on o f f o r m , 
as a va lve . B o t h apertures i n some L o p h i o i d Fishes are b e l l -
shaped and peduncula te . I n some S i l u r i a tentacle is con t inued 
f r o m the ex te rna l nasal tube . W h e n the nasal sac is r o u n d , the 
p i t u i t a r y plica? radiate f r o m i t s centre : w h e n the sac is e longated, 
i t is u sua l ly t raversed b y an a x i a l p a r t i t i o n w i t h a r o w o f fo lds on 
each s ide ; and there are t r ans i t iona l arrangements , as i n t h e 
P e r c h , figs. 1 3 1 , o I, & 134. I n a f e w Fishes these fo lds are 
f u r t h e r compl ica ted b y secondary processes. T h e S tu rgeon p r e 
sents the radia ted t y p e o f the o l f a c t o r y o rgan w i t h secondary fo lds , 
fig. 125, 19, b u t , l i k e the P o l y p t e r u s and Lepidos teus , each nasal 
sac has a double a p e r t u r e : the L e p i d o s i r e n has an elongated nasal 
sac, w i t h the biser ia l a r rangement o f p i t u i t a r y fo lds , and w i t h t w o 
apertures, fig. 186, ol, u p o n the under pa r t o f the t h i c k upper l i p , 
b u t ne i ther o f these communica te w i t h the m o u t h . I n some 
Osseous Fishes the o l f ac to ry sac is d i v i d e d i n t o a p l i ca ted and a 
smooth p a r t : the f o r m e r exerc is ing the sense-funct ion, the l a t t e r 
t h a t o f a reservoir . I n the M a c k e r e l th i s extends d o w n to the 
pa la te : i n the W o l f - f i s h the reservoir passes b a c k w a r d , expand ing , 
as f a r as the back pa r t o f the palate, whe re i t ends b l i n d l y . T h e 
p ro longa t ion o f the s ingle nasal c a v i t y i n the L a m p r e y is analogous 
to th is . 

I n the Plagiostomes the nasal cavit ies are s i tuated beneath the 
snout , i n the Sharks , figs. 30 & 63 , b : beneath the fo re p a r t o f 
the head, b e h i n d the base o f the r o s t r u m , i n the Saw- f i sh (Pristis), 
fig. 65 : or near the angles o f the m o u t h , as i n the Chimasra and 
the B a y s , w h e r e a g roove extends to the m o u t h . E a c h o l f a c t o r y 
c a v i t y has a s ingle and c o m m o n l y w i d e open ing , defended b y 
v a l v u l a r processes, suppor ted b y pecul ia r cart i lages more or less 
i n t i m a t e l y connected w i t h the proper o l f a c t o r y ca r t i l ag inous sacs, 
a n d represen t ing the superadded cart i lages o f the ' ala? n a s i ' i n 
h i g h e r Y e r t e b r a t a . 1 T h e y have t h e i r proper muscles : whence w e 
m u s t conclude tha t these Fishes scent as w e l l as smel l , i . e. a c t i ve ly 

1 See the description of these 'nasenflugclknorpd' in xxi . p. 171. 
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search f o r odor i ferous impressions b y r a p i d l y c h a n g i n g the cu r r en t 
o f wa te r t h r o u g h the o l f a c t o r y sac. 1 

T h e Protopteri show no o u t w a r d signs o f o l f a c t o r y o rgans : the 
t h i c k uppe r Hp m u s t be ra ised t o b r i n g t h e p l i ca ted sac, w i t h its 
t w o remote or i f ices , i n t o v i e w . I n Amphiuma the e x t e r n a l nostri ls 
are m i n u t e , approx ima te , a n d near the end o f the snout. I n the 
S i r e n a n d A x o l o t l t h e e x t e r n a l n o s t r i l is conspicuous on each 
side the s n o u t : the i n t e r n a l one opens outs ide the series o f 
p t e rygo -vomer ine tee th . I n t h e S i r e n the m a x i l l a r y does not 
ex tend back so as to d iv ide the i n t e r n a l n o s t r i l f r o m the inner or 
unde r p a r t o f the l i p : i n the A x o l o t l i t is so ex tended , and the 
open ing is s i tuated be tween t h e m a x i l l a r y a n d pa la t ine series o f 
tee th . I n these, as i n the Proteus, t h e o l f a c t o r y membrane is 
p l i ca ted at r i g h t angles to a l o n g i t u d i n a l seam. I n the X e w t s 
and Salamanders the o l f a c t o r y m e m b r a n e is smooth , and lines an 
ova l c a v i t y w i t h an e x t e r n a l n o s t r i l a n d a pa l a t a l one, the former 
defended b y a l i t t l e f o l d o f s k i n . 

I n tail less B a t r a c h i a the e x t e r n a l n o s t r i l has an i n f e r i o r flap, 
endowed w i t h a s l i g h t m o v e m e n t : t h e pa l a t a l is w i d e l y open, 
be tween the pa la t ine and m a x i l l a r y bones, near the fo re par t o f 
the m o u t h . T h e o l f a c t o r y m e m b r a n e is n o t augmented b y any 
fo lds or prominences. I n t h e Pipa i t presents a c y l i n d r i c a l f o r m , 
and i t s ou ter open ing is m u c h nearer t h a t o f t h e opposite side 
t h a n i n o ther A n o u r a . I n Ophidia t h e e x t e r n a l nostri ls are 
d o u b l e ; the i n t e r n a l n o s t r i l is s ingle a n d m e d i a n : the bone and 
g r i s t l e s u p p o r t i n g the o l f a c t o r y sac m a k e some prominences i n i t ; 
t he p i t u i t a r y membrane is a lmost b l a c k i n some Colubers . I n 
Anguis, and other snake- l ike L a c e r t i a n s , t he pa la ta l nost r i ls open 
separately. 

I n the I g u a n a a s ingle b road t u r b i n a l ca r t i l age extends i n t o the 
o l f a c t o r y c a v i t y f r o m the ou te r side, t e r m i n a t i n g be low i n t w o 
tuberosi t ies . T h e meatus extends at first l o n g i t u d i n a l l y back
w a r d , t h e n bends d o w n w a r d to open u p o n the palate be tween the 
an te r io r m a x i l l a r y and the p t e r y g o i d tee th . T h e t u r b i n a l projects, 
w i t h s l igh t modi f i ca t ions o f p r o p o r t i o n a n d f o r m i n the nasal 
c a v i t y o f o ther Lace r t i ans . T h e e x t e r n a l nos t r i l s o f fe r varieties 
o f r e l a t ive size, shape, and pos i t ion , seldom reced ing f a r f r o m the 
muzz le i n e x i s t i n g species. I n the e x t i n c t Saurians o f marine 
habi ts , Ichthyosaurus and Plesiosaurus, t h e e x t e r n a l nostr i ls 
opened near the o rb i t s , at a distance f r o m the muzz le . I n Chelonia 

1 ' I s the mode of smelling in Fishes similar to tasting in other animals? Or is 
the air contained in water impregnated with the odoriferous parts, and is it this air 
which the fish smells?'—John Hunter, in xx. voL i i i . p. 88. 
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and Crocodilia, the e x t e r n a l open ing to the nasal o rgan i n the s k u l l 
is single and med ian , s i tua ted a t or near the end o f the muzz le . 
B u t i n the Che lon ia the nos t r i l s are d i s t i nc t , a l t h o u g h approx imate , 
on the i n t e g u m e n t : i n Trionyx and Chelys t h e y are t u b u l a r , con 
t i n u e d a long a shor t p robosc id i fo rm p r o d u c t i o n o f the i n t e g u m e n t . 
T h e sep tum n a r i u m is g r i s t l y . I n the T u r t l e ( Chelone) t he nasal 
c a v i t y suddenly expands to con ta in the t u r b i n a l car t i lage. T h e 
per ios teum o f the c a v i t y and the p i t u i t a r y membrane are b o t h 
co loured b y d a r k p i g m e n t , and the l a t t e r is t h i c k and vascular. 
T h e pa la ta l o r i f i ce is med ian and s ingle, towards the f o r e p a r t o f 
the r o o f o f the m o u t h . I n the Crocod i l i a the t e g u m e n t a r y n o s t r i l , 
l i k e the osseous one, is s ingle , crescentic, w i t h the concav i ty 
b a c k w a r d , and closed b y the fleshy poster ior v a l v u l a r l o b e : i n t h e 
G a v i a l the t e g u m e n t s u r r o u n d i n g the n o s t r i l is t h i c k , abundant , 
and can be raised f r o m the bone, or erected, t o b r i n g the or i f i ce t o 
the surface o f the w a t e r w i t h o u t exposure o f other parts o f the 
head. T h e nasal c a v i t y is o f grea t l e n g t h , commenc ing a t the 
fo re p a r t o f the muzzle , and t e r m i n a t i n g beneath the occ iput , also 
b y a s ingle aper ture , close to w h i c h the nasal septum terminates . 
T h e an ter ior t h i r d p a r t o f the meatus is most e x p a n d e d : the 
p i t u i t a r y membrane is ex tended u p o n a b i l obed t u r b i n a l , p a r t l y 
b o n y and p a r t l y g r i s t l y : the meatus also communicates w i t h 
l a rge cells or sinuses. 

§ 64. Organ of Sight in Fishes.— T h e organ o f s igh t makes i t s 
appearance i n the lowest o f Fishes , e. g . t he L a n c e l e t and M y x i n e , 
unde r as s imple a f o r m as i n the L e e c h : a m i n u t e t e g u m e n t a r y 
f o l l i c l e is coated b y d a r k p i g m e n t , w h i c h receives the end o f a 
special cerebra l nerve . T h i s s imple eyespeck, the first mechanism 
f o r the apprec ia t ion o f l i g h t , is repeated i n the Amblyopsis spelceus, 
fig. 175, o. B u d i m e n t a l eyeballs covered b y the s k i n exis t i n the 
Apterichthys cacus: t he smal l , b u t more complex , eyes o f the 
L e p i d o s i r e n , w i t h c rys t a l l i ne and v i t r eous h u m o u r s , choro id and 
sclerot ic t un ic s , are also covered b y the s k i n , b u t th i s becomes 
t ransparen t w h e r e i t passes over t h e m , and , adhe r ing to the 
sclerot ic , f o r m s a ' co rnea . ' T h e eyes o f the E e l t r i b e and t h e 
S i l u r o i d Fishes are s m a l l : t h e y are o f moderate size i n the 
Plagios tomes a n d G a n o i d s ; b u t i n most Osseous Fishes the eyes 
are r emarkab le f o r t h e i r la rge size, w h i c h becomes enormous i n 
some, e. g . Orthagoriscus, Myripristis, Priacanthus. T h e eyes 
are u s u a l l y placed i n o r b i t a l cavi t ies , one o n each side o f the 
h e a d ; o n l y i n the u n s y m m e t r i c a l F l a t - f i s h are t h e y b o t h placed 
o n the same s i d e : i n the Stargazer ( U r a n o s c o p u s ) the eyes are 
a p p r o x i m a t e d on the uppe r surface o f a nea r ly cub ica l head, and 
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are d i rec ted towards the heavens : i n the H a m m e r - h e a d e d Sharks 
they are suppor ted on l o n g o u t w a r d - p r o j e c t i n g pedicles. 

T h e opt ic ne rve , fig. 2 1 6 , a, u s u a l l y perfora tes the eyebal l 
o b l i q u e l y o u t o f i t s ax is , b u t sometimes d i r e c t l y i n i t s axis. I n 

Osseous Fishes i t is compressed where i t 
passes t h r o u g h the sclerot ic and choroid, 
and t h e n f o r m s the r e t i n a b y u n f o l d i n g 
i t se l f , l i k e a f a n spread o u t and ben t in to 
the f o r m o f a cone, l e a v i n g a fissure, b, where 
the f r e e l a t e r a l borders mee t a f t e r l i n i n g 
about t w o - t h i r d s o f the h o l l o w globe. This 
fissure extends f r o m the e n t r y o f the nerve 
to the an te r io r m a r g i n o f t h e re t ina , and 
t h r o u g h i t a f o l d o f the inne rmos t layer of 

Eye of sword-fish; one-third the choro id passes i n t o the v i t r eous humour , 
natural size. ,. • -i I , i i i • 

sometimes accompanied by the da rk p i g 
m e n t a l R u y s c h i a n l a y e r . 1 T h e f o l d o f the vascular choroid, 
whe the r accompanied b y the p i g m e n t a l l a y e r or no t , is called the 
' f a l c i f o r m process,' c; i t carries be fo re i t a f o l d o f the proper 
t u n i c o f the v i t reous h u m o u r ( ' m e m b r a n a hya lo idea ' ) , and usually 
extends to the capsule o f the lens, d, t o w h i c h i t is attached b y 
means o f a clear b u t firm substance, ca l led the ' campanula 
H a l l e r i . ' 

T h e poster ior or outer l a y e r o f the r e t i n a consists o f the cel
l u l a r basis, s u p p o r t i n g the s t r a t u m o f cy l ind r i cu l e s , standing 
v e r t i c a l l y u p o n i t s concave surface, w i t h the in te rb lended t w i n -
f u s i f o r m corpuscles, b o t h o f w h i c h microscopic structures are more 
easily demonstra ted i n the present t h a n i n the h igher classes o f 
V e r t e b r a t a . E a c h tw in -co rpusc l e is su r rounded b y a circle o f 
cy l ind r i cu l e s . T h e p r i m i t i v e ne rve- f ib res radia te over the c y l i n 
dr icules , w i t h o u t anastomosing, and t e r m i n a t e i n f ree ends, not by 
loops, at the basis o f the c i l i a r y zone. A delicate b u t w e l l -
de f ined raised r i m or ' b e a d ' runs a long b o t h the anter ior margins 
o f the r e t i na , and a long those w h i c h f o r m the f a l c i f o r m sl i t . 

T h e c rys ta l l ine lens (d) is spher ica l , or n e a r l y so, large, firm, 
w i t h a dense n u c l e u s : i t is a lmost b u r i e d i n the v i t reous humour , 
whe re i t is steadied b y the a t t achment o f the f a l c i f o r m l igament 
to i ts t h i n capsu le : the fo re p a r t projec ts t h r o u g h the p u p i l 
against the flat cornea, and so n e a r l y fills t he an te r ior chamber, 
t h a t b u t a v e r y smal l space is l e f t f o r < aqueous h u m o u r . ' I n the 
cod and other Gadidce the fibres o f the lens converge , l i k e the 

1 xx. vol. iii. p. 144; eye of the Bonito, prep. no. 1651. 
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meridians o f a g lobe , t o t w o opposite points or poles o f the sphe
r o i d : i n the Salmonidce and Shark , t h e y converge to a l inear t r a c t 
or sep tum at each pole , as i n fig 
218. I n the fibres o f the lens 
o f a cod B r e w s t e r discovered 
the m a r g i n a l t ee th , l i k e those o f 
r a c k - w o r k , b y w h i c h the fibres 
are i n t e r l o c k e d toge ther , as i n 
fig. 217. 

T h i s acute observer computes 
five m i l l i o n s o f fibres and s i x t y -
t w o thousand five h u n d r e d m i l 
l ions o f tee th i n the lens o f a c o d : 
y e t i n the l i v i n g and f r e sh state 
th i s o rgan is t ransparent . 

T h e r a d i a t i n g fibres and e l o n g 
ated cells o f the h y a l o i d t issue, 1 

w i t h the i n t e r s t i t i a l e v i t reous 
humOUr, ' present a firmer COn- Fibres of lens, highly magnified, showing inter-

. , , ' , 1 1 locking of their toothed margins, ccxin 
sistency t h a n m the h u m a n eye, 
and show the i r i n t i m a t e s t ruc tu re and a r rangement more c lea r ly 
under the microscope t h a n i n M a m m a l i a . 

T h e membranes s i tua ted be tween the r e t i n a and sclerotica, 

i i i 

M n H f f l t 

• I I I B I I 

t u n i c , ' are three i n n u m 
b e r : the ex te rna l l aye r i n 
Osseous Fishes , c a l l e d 1 mem-
brana argentea] fig. 216 , e, is 
composed c h i e f l y o f m i c r o 
scopical acicular crysta ls 
r e f l e c t i n g a s i l ve ry , or some -
t imes a go lden lus t r e , w i t h a | 
delicate ce l lu la r basis, w h i c h 
assumes more firmness w h e r e 
i t is con t i nued u p o n the i r i s . 
T h e second or m i d d l e l aye r 
is the ' membrana vasculosa/ 
seu ' Halleri/ i b . f , and , as 
i t s name imp l i e s , is t he c h i e f 
seat o f the r ami f i ca t ions o f 
the c h o r o i d vessels: i t also suppor ts the c i l i a r y nerves. T h e 

LXV. 
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inne rmos t l aye r is the f membrana picta] seu ' Ruyschiana,' g, 
also cal led ' u v e a / w h i c h is composed o f hexagona l p igment -ce l l s , 
u sua l ly o f a deep b r o w n or b l a c k co lour . I n the G r e y Shark 
( G a l e u s ) , the s i l v e r y l a y e r is l a i d u p o n the cen t r a l surface, not 
the p e r i p h e r y o f the c h o r o i d . 1 

T h e f o r m a t i o n o f the i r i s , h, b y the p r o d u c t i o n o f a l l these mem
branes is w e l l shown i n the eye o f t h e S w o r d - f i s h Xiphias, fig. 216, 
w h e r e i t s t h i c k base or e c i l i a r y l i g a m e n t ' h over laps the con
v e x border o f the b o n y sc le ro t ic . 2 T h e m e m b r a n a argentea upon 
the f r o n t o f the i r i s g ives g rea t b r i l l i a n c y to the eye, i n many 
fishes. T h e p u p i l , i, is l a rge and u s u a l l y r o u n d : i n m a n y P l a 
giostomes i t is e l l i p t i c ; i n Galeus i t is quad rangu la r ; i n the flat-
bodied Skates and Pleuronectida?, t h a t g r o v e l a t the bot tom and 
receive the rays o f l i g h t f r o m above, a f r i n g e d process descends 
f r o m the uppe r m a r g i n o f the p u p i l , and regula tes the quantities 
o f a d m i t t e d l i g h t b y b e i n g l e t d o w n or d r a w n u p l i k e a b l i n d . 

T h e muscu la r s t ruc tu re o f the i r i s is v e r y f e e b l y developed i n 
most fishes : i t is best seen i n the p u p i l l a r y c u r t a i n o f the Skate, 
the p l i ca ted an te r io r border o f the uvea f o r m s the so-called 
e c i l i a r y zone, or processes,' k: t h e y are t h e most complicated i n 
the grea t S h a r k ( S e l a c h e ) w h e r e each process ' consists o f t w o or 
th ree m i n u t e fo ld s , w h i c h , as t h e y r u n f o r w a r d , u n i t e i n t o one, 
and t e rmina t e i n a p o i n t a t t he c i r cumfe rence o f the i r i s : ' 3 b u t 
t h e y do no t , as y e t , p r o j e c t f r e e l y i n w a r d and f o r w a r d f r o m the 
surface o f the uvea. 

T h e subordinate and accessory character o f the sclerotic cap
sule, fig. 216 , I, I, fig. 2 1 9 , f , f , is i l l u s t r a t e d i n most Osseous Fishes 
b y i t s dev ia t ion f r o m the sub-spher ica l f o r m o f the t rue eyebal l 
w h i c h i t protects , and b y the grea t q u a n t i t y o f ce l lu la r , and o f ten 
also o f adipose t issue, fig. 216 , w h i c h fills t he w i d e interspace be
t w e e n the sclerotic a n d t h e choro id . I n the fibrous tissue o f the 
sclerot ic are u sua l l y developed the t w o car t i lag inous or osseous 
hemisphero id cups a l ready descr ibed ( p . 115, fig. 8 1 , 17); b u t i n 
place o f these, i n the Orthagoriscus, as i n the Plagiostomes, the 
capsule is s t rengthened b y a s ingle h o l l o w , ca r t i l ag inous , perforated 
spheroid. T h i s varies i n thickness at d i f f e r e n t par ts , be ing usual ly 
t h i c k e s t beh ind , and p a r t i c u l a r l y so i n the S tu rgeon . T h e ante
r i o r aper ture is closed b y the cornea n, w h i c h is essentially a 
m o d i f i e d p o r t i o n o f the c o r i u m 0, adhe r ing t o , as i t passes over, 
the u sua l l y t h i c k e n e d borders o f t h a t aper tu re . I n the eye o f the 
Xiphias4 m a y be t r aced an accession to t h e cornea f r o m the outer 

1 xx. vol. i i i . p. 147, prep. no. 1669. 
3 Ib. prep. no. 1670, A. 

2 Ib. prep. no. 166J. 
4 Ib. prep. no. 1661. 
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fibrous l aye r o f the sclerot ic , w h i c h undergoes the same change 
o f t issue, and f o r m s the poster ior l aye r o f the cornea. T h i s 
t ransparen t w i n d o w o f the eye-capsule is q u i t e flat: i t s l amina t ed 
s t ruc tu re is w e l l d i sp layed i n the cornea o f the Orthagoriscus,1 

and a d a r k - b r o w n p i g m e n t here stains the sof t i n t e g u m e n t or 
c c o n j u n c t i v e membrane ' ( 0 ) , con t inued f r o m the pe r iphe ry o f the 
cornea. I n t h e eye o f the same fish,2 a v e r y delicate l aye r or 
l i n i n g membrane is re f lec ted f r o m the poster ior surface o f the 
cornea, answer ing t o the e membrane o f the aqueous h u m o u r ' o f 
l a n d an ima l s : th i s h u m o u r exists i n v e r y smal l q u a n t i t y , j u s t 
enough to lub r i ca t e the i r i s i n the eyes o f F i s h e s : the m e d i u m 
t h r o u g h w h i c h the rays o f l i g h t reach the eye needs no r e f r a c t i v e 
aid f r o m an aqueous fluid in terposed before the lens i n the globe 
i tse l f . 

A m o n g s t the most character is t ic pecul iar i t ies o f the eye i n 
the t y p i c a l or Osseous Fishes is the so-called e choro id g l a n d ' 
fig. 216 , 0, fig. 219 , h; th is is o f the class o f bodies cal led ' v a s o -
ganghons : ' i t u sua l ly presents a d a r k r ed colour , and lies be tween 
the ' s i l v e r y ' and ' vascu la r ' layers o f the choro id , more or less 
encompassing, i n the shape ' o f a horse-shoe or ben t magnet , t he 
e n t r y o f the op t i c nerve . D r . A l b e r s 3 discovered the r i c h m a r g i n a l 
plexuses o f vessels, e the roots o f w h i c h have t h e i r o r i g i n i n th i s 
b o d y , ' and the b o d y i t s e l f he be l ieved to consist also o f a c o n v o l u 
t i o n o f blood-vessels. O r d i n a r y dissection, however , shows i t s 
compact substance to be a r ranged i n pa ra l l e l s t r a igh t l ines r u n n i n g 
be tween the convex and concave borders , and i t has been cal led a 
* muscle ; ' b u t the supposed ' fibres consisted, i n r e a l i t y , o f m i n u t e , 
pa r a l l e l , and closely-disposed vessels, b o t h arteries and veins . ' 4 

Professor M u l l e r has detected a r e l a t i o n o f coexistence be tween 
the choro id vaso-gangl ion and the pseudo-branchia, t o w h i c h the 
S t u r g e o n , L e p i d o s i r e n , and the Plagiostomes are amongst the 
except ions, h a v i n g the pseudo-branchiae b u t n o t the vaso -gang l i a ; 
Silurus, Pimelodus, Synodon, Cobitis, and a l l t he E e l - t r i b e , have 
ne i the r pseudo-branchiae n o r c h o r o i d vaso-gangl ia . 

T h e mos t r emarkab l e excep t ion i n the s t ruc tu re o f the eye i n 
the present class is presented b y t h e A n a b l e p s , t he cornea o f 
w h i c h is bisected b y an opaque h o r i z o n t a l l i n e , and the i r i s per 
f o r a t e d b y t w o pup i l s . 

T h e genera l f o r m o f the eyeba l l , or r a the r i t s capsule, i n F ishes , 
is a sphero id , flattened a n t e r i o r l y , a round w h i c h p a r t t h e i n t e g u 
men t s c o m m o n l y f o r m a c i r c u l a r f o l d , y i e l d i n g t o the movements 

1 xx. vol. i i i . p. 147, prep. no. 1665. 2 Ib. prep. no. 1649. 
3 L X X V I . 4 xx. vol. i i i . (1836); p. 145, prep. 1656; and L X V I I . 
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o f the g lobe . I n Orthagoriscus t he c i r c u l a r pa lpebra l f o l d is 
deeper, and is p r o v i d e d w i t h a sphincter : i n most Scomberoid and 
C l u p e o i d Fishes there is an an te r io r a n d a poster ior v e r t i c a l trans
paren t f o l d or e y e l i d . I n the eye o f the tope and b lue Shark, 
there is a n i c t i t a t i n g membrane superadded t o a well-developed 
c i r c u l a r p a l p e b r a l f o l d o f the s k i n . A c o n j u n c t i v e membrane is 

r e f l ec ted f r o m t h e c i r cu la r eye l id over the 
t h i r d e y e l i d , w h i c h is placed at the nasal side 
o f the o r b i t , and t h e n passes over the anterior 
h a l f o f the eyebal l . A s t rong * n i c t i t a t o r ' mus
cle rises f r o m the t empora l side o f the o rb i t , and 
passing t h r o u g h a muscula r and ligamentous 
loop , descends o b l i q u e l y t o be inserted in to the 
l o w e r m a r g i n o f the t h i r d l i d . T h e trochlear 
muscle has an in se r t i on i n t o the upper par t o f 
the c i r cu la r l i d , and depresses tha t par t s imul-
taneouslv w i t h the raisinp; o f the t h i r d l i d . 1 The 
proper muscles o f the eyebal l exist i n a l l fishes 
except the M y x i n o i d s and Lepidos i ren , and 
consist o f the f o u r recti, fig. 219 , l , 2,3,4. and two 
obliqui, i b . a, h : the l a t t e r rise f r o m the nasal 
side o f the o r b i t , and are inser ted most favour
ab ly f o r e f fec t ing the r o t a t o r y movements of 
the e y e b a l l : b u t the superior obl ique , a, has 
no t i ts d i r ec t ion changed b y a t rochlea i n the 

§ | | ^ ! p p r RZim present class. I n the Galeus there is a special 
V J pro tuberance o f the upper par t o f the c a r t i -

Co3ts of the eye of the Perch laginous sclerotic f o r the common inser t ion o f 
the rectus superior and obliquus superior; 

and a second pro tuberance be low f o r the common inse r t ion o f 
the obliquus inferior and rectus inferior. T h e recti muscles 
r ise i n m a n y Osseous Fishes f r o m t h e sub-crania l c a n a l ; 2 

t h e o r i g i n o f the rectus externus b e i n g p ro longed f u r t h e s t back. 
B u t the r e c t i muscles are most r emarkab le f o r then- length 
i n the H a m m e r - h e a d e d Sharks , since t h e y rise from the basis 
c r a n i i , a n d ex t end a long the l a t e ra l processes or peduncles, at the 

1 The family of Sharks, including Galeus, Carcharias, with this grade of palpebral 
structure, are called ' nictitantes;' they are amongst the most active and formidable 
of these great predatory Fishes. 

2 If, therefore, we regard this canal as part of the orbits, we must add the alisphenoid, 
basisphenoid, and even the basioccipital, to the bones enumerated at p. 116, as forming 
the chambers for the eyeballs and their appendages in Fishes; and this multiplicity of 
orbital bones interestingly repeats or parallels the characteristic formation of the 
otocranes or ear-chambers in the present class. 
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free ex t remi t ies o f w h i c h the eyeballs are s i tuated. I n a l l 
Plagiostomes the eyeba l l is suppor ted on a car t i lag inous p e d u n c l e : 
this is shor t and b road i n the R a y s ; longer and c y l i n d r i c a l i n the 
S h a r k s ; i n Selache i t is a r t i cu l a t ed b y a b a l l and socket s y n o v i a l 

j o i n t t o a tuberc le above, and ex te rna l t o the e n t r y o f the opt ic 
ne rve . 1 A fibrous l i g a m e n t attaches the sclerotic to the w a l l o f 
the o r b i t i n the S tu rgeon and the Salmon. 

T h e space be tween the eyeba l l and the o r b i t contains a sof t bed 
o f ge la t inous and adipose substance : b u t there is no l a c r y m a l 
g l a n d i n Fishes. A n apparatus to mois ten the cornea was, o f 
course, unnecessary i n animals p e r p e t u a l l y m o v i n g i n a l i q u i d 
m e d i u m . T h e cornea, w h i c h i n most fishes is a lways exposed to 
t h a t m e d i u m , is flat; i t is, the re fore , less l iab le to i n j u r y i n the 
r a p i d movements o f the fish, and b e i n g l e v e l w i t h the side o f the 
head, offers no i m p e d i m e n t to those movements . T h i s f o r m o f 
cornea diminishes the capaci ty o f the aqueous chamber ; b u t the 
aqueous h u m o u r is needed o n l y to float the f r ee border o f the i r i s ; 
and to make u p f o r the smal l q u a n t i t y o f t h a t h u m o u r , the r e f r ac 
t i v e p o w e r o f the lens is max imised b y i t s spherical f o r m . T o 
compensate f o r the dev ia t ion f r o m the spherical for*m o f the eye
b a l l , p roduced b y the flattening o f i t s fo re -pa r t , and the consequent 
loss o f power to resist ex t e rna l pressure, the sclerotic capsule is 
ca r t i l ag inous or b o n y . 

§ 65. Organs of Sight in Reptiles.— T h e eyes are v e r y sma l l , 
o f s imple s t ruc tu re , and concealed b y the s k i n , w h i c h passes 
s m o o t h l y over t h e m w i t h l i t t l e o ther change t h a n subtransparency 
o f t e x t u r e , i n b o t h the i c h t h y o - and ophio-morphous Ba t rach ia . 
T h e sclerotic, i n Proteus, is l i n e d b y some d a r k p i g m e n t , and 
contains a m i n u t e spherical lens. I t m a y serve to w a r n the 
a n i m a l , w a n d e r i n g i n t o l i g h t , to r e t rea t to the safe darkness o f i t s 
na t i ve subter ranean wate rs . T h e A x o l o t l has the eyeba l l be t t e r 
developed, and p r o v i d e d w i t h m u s c l e s ; b u t devo id o f l ids . I n 
the N e w t s there is a h o r i z o n t a l f o l d o f i n t e g u m e n t over each eye
b a l l : t he r e t i na is t h i c k , a l t h o u g h the opt ic nerve is s m a l l : t he 
choro id shows p i g m e n t : t h e p u p i l is t r ansve r se ; the lens is 
spherical . T h e cornea is convex i n the L a n d Salamander. I n 
N e w t s the eyeballs are r e t r ac t ed i n w a t e r , and are less p r o m i n e n t 
t h a n i n a i r ; f o r th i s purpose the re is a k i n d o f choanoid musc le , 
besides the o r d i n a r y r e c t i a n d o b l i q u i . T h e eyeba l l is v e r y sma l l 
i n Pipa, and has no eye l id . I n the F r o g , t h e eyeba l l is p ropor 
t i o n a l l y l a rge , and is p r o m i n e n t ; t he g lobe is s p h e r i c a l ; t he 
sclerot ic o f subcar t i lag inous hardness a n t e r i o r l y ; elsewhere i t 

1 xx. vol. i i i . p. 175, prep. no. 1762. 
VOL. I . Z 
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a l lows the co lour o f the choro id to be seen t h r o u g h i t : the cornea 
is v e r y convex. T h e choro id has an argent ine or nacreous layer 
e x t e r n a l l y , and a d a r k p i g m e n t i n t e r n a l l y ; the f o r m e r gives the 
b r i g h t co lour t o the i r i s i n b o t h F r o g s and Toads. T h e p u p i l is 
subrhomboida l . A s l i g h t l y p l i ca t ed c i l i a r y c i rc le adheres to the 
capsule o f the lens. T h e r e t ina is t h i c k , and is con t inued to the 
capsule o f the c ry s t a l l i ne , w h i c h f o r m s a smal l spheroid lens. 
Besides the usua l muscles o f the eyeba l l , there is a choanoid 
m u s c l e ; the eyes are s t r ong ly re t rac ted w h e n the F r o g dives. 
T h e ch ie f n i c t i t a t i n g l i d is the l o w e r one ; the uppe r eye l i d mere ly 
f o l l o w s the movements o f the eyebal l w h e n i t is t u r n e d d o w n . A 
smal l musc lea r i s ing f r o m the l o w e r and back p a r t o f the eyebal l sends 
t w o tendons t h r o u g h the choanoid, w h i c h w i n d over the sides o f 
the b a l l to a p u l l e y at each angle o f the o r b i t , t h r o u g h w h i c h t h e y 
pass to be at tached to the angles o f the l o w e r l i d : t h i s is t ransparent . 

T h e eyes are smal l i n Serpen ts : the sclerotic is fibro-carti-
laginous , b u t t h i n : the choro id resembles t h a t i n the F r o g , b u t 

w i t h less b r i l l i a n c y o f the a rgent ine 
l a y e r : t he c i l i a r y plicae are smal l and 
feeble : the re is a del icate f a l c i f o r m p r o 
cess, w i t h o u t p i g m e n t : t he lens is more 
spheroid t h a n i n L i z a r d s : the p u p i l is 
r o u n d i n most Serpents ; b u t is a ve r 
t i c a l s l i t i n venomous Snakes, i n Boidce, 
and i n the n o c t u r n a l species o f Dipsa-
didce; and is h o r i z o n t a l i n most species 
o f Dryophis, especially those w h i c h have 

Diagrammatic section of the eye of a the muzz le po in t ed and pro longed . B u t 
Viper, magn. ccxiv. ^ p e c u l i a r i t y i n t n e o p n i d i a n 

o rgan o f v i s i o n is i n i t s defensive pa r t , fig. 220 . T h e i n t e g u 
m e n t , c, is con t i nued f r o m the s u r r o u n d i n g circles o f scales, 
d, d i r e c t l y over the e y e : i t consists o f a l aye r o f t ransparent 
ep iderm, and a t h i n l aye r o f c h o r i u m , w h i c h adheres to the ou te r 
p a r t o f the c o n j u n c t i v e sac , / . A t the e x u v i a t i n g per iod , the e p i 
d e r m , c, becomes opake, and is shed i n connect ion w i t h t h a t o f the 
head and body . T h e c o n j u n c t i v a covers a great p r o p o r t i o n o f the 
eyeba l l , a, before i t is re f lec ted , as a t e, e, f o r w a r d to l i n e the 
an tocular t e g u m e n t , c. T h e c a v i t y , / , is l a rge , and receives the 
l a c r y m a l secretion. I n the P y t h o n s and Colubers , a pore at the 
l o w e r and f o r e p a r t o f the c a v i t y , v e r y m i n u t e i n m a n y species, 
b u t a d m i t t i n g a b r i s t l e i n Python, leads to a slender membranous 
duc t , w h i c h dilates i n t o a pouch c o m m u n i c a t i n g w i t h the m o u t h 
b e h i n d the p r e m a x i l l a r y . I n the V i p e r a n d o ther venomous 
Serpents , the l a c r y m a l canal opens i n t o the nasal meatus. T h e 
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Section of eye, 
Monitor (Varanus). 

ccxxx. 

l a c r y m a l g l a n d is l a rge , especially i n the Cons t r i c to r s , and con
t r ibu te s i t s secret ion to t h a t o f o ther sources o f l u b r i c a t i o n o f the 
m o u t h d u r i n g the l o n g and d i f f i c u l t act o f d e g l u t i t i o n . 

I t is i n t e r e s t i n g to note the correspondence o f cond i t i on be tween 
the eye and ear, i n r ega rd to the fo re cou r t o f each o rgan , w h i c h Ser
pents e x c l u s i v e l y e x e m p l i f y , among a i r -b r ea th ing Ver tebra tes . T h e 
t y m p a n i c chamber paral lels the c o n j u n c t i v e chamber ; b o t h are closed 
e x t e r n a l l y , — the one b y the ea r -d rum, the other b y the an tocular 
membrane : the l a c r y m a l canal is the homotype o f the eustachian. 

I n L i z a r d s , fig. 2 2 1 , the eyeba l l is less g lobu la r , more f l a t t ened 
a n t e r i o r l y t h a n i n Serpents, and the sclerotic is s t rengthened near 
the cornea b y a c i rc le o f sma l l sub- imbr ica te osseous 
plates, d. T h e lens, i b . i, is more convex b e h i n d t h a n 
i n f r o n t ; a 1 f a l c i f o r m process,' i b . p, is connected 
w i t h i t s capsule ; and i n the Iguanas and M o n i t o r s 
i t has a del icate l aye r o f p igment -ce l l s . T h e 
c i l i a r y fo lds are more m a r k e d t h a n i n Serpents. 
I n the Geckos the p u p i l is v e r t i c a l l y o v a l : the 
r e t i n a shows a spot i n the axis o f v i s ion . I n the 
Chameleon the cornea is s m a l l ; an antocular f o l d o f s k i n is con
t i n u e d i n f r o n t o f the g lobe , b u t i t is opake and pe r fo ra t ed i n the 
m i d d l e : i t moves w i t h the e y e b a l l ; the c o n j u n c t i v a a t t a c h i n g i t 
t o the fo r e -pa r t o f the b a l l , and the i n t e g u m e n t a t i t s j u n c t i o n 
w i t h the s k i n o f the head, b e i n g v e r y t h i n , y i e l d i n g , and w r i n k l e d . 
T h e sclerot ic is so t h i n t h a t the d a r k co lour o f the choro id appears 
t h r o u g h i t : i t becomes t h i c k e r a n t e r i o r l y , especially at the inser
t i o n o f the cornea. T h e r e t i n a shows the s macula centra l is , ' or 
* f o r a m e n S r c m m e r r i n g i , ' on the nasal side and a l i t t l e above the 
t e r m i n a t i o n o f the op t ic nerve , fig. 2 2 1 , o.1 T h e p u p i l is r o u n d ; 
t he lens is v e r y smal l and almost spher ical . T h e muscles have the 
u sua l d i spos i t ion and n u m b e r ; b u t each eye enjoys an independen t 
m o t i o n . T h e grea t e x t i n c t ma r ine L i z a r d s (Ichthyosaurus) had v e r y 
la rge eyes, fig. 105 , w i t h the sclerot ic plates developed even i n 
grea ter p r o p o r t i o n t h a n i n mo 
d e r n L i z a r d s . 

I n the f r e s h - w a t e r To r to i s e 
(Emys, fig. 2 2 2 , h), t h e c h i e f 
p a r t o f the eyeba l l is o b l a t e l y 
sphero id , w i t h the segment o f a 
smal le r sphere at the f o r e - p a r t ; 
a c i r c le o f sc lerot ic plates , c, [ 

a t the j u n c t i o n , b e i n g imbedded 

Lacrymal and Harderian glands : 6, eye-ball 
Sclerotic plates. Emys Europwa. XXXVIII. 

and sustaining the cornea. 

ccxr. pp. 1, 104; xx. torn. i i i . p. 156. 
Z 2 



340 ANATOMY OF VERTEBRATES. 

223 

I n the T u r t l e the sclerotic is car t i lag inous , th ickes t beh ind , 
and t h i c k e r a t the t empora l t h a n at the nasal side o f the globe. 
T h e cornea is na t te r t h a n i n the E m y s or L a n d - T o r t o i s e . 
T h e opt ic nerve penetrates the sclerot ic , as i n other rept i les , exter
n a l l y to the axis o f v i s ion , fig. 222 , b, and makes a conical p ro jec t ion 

i n the i n t e r i o r o f the eyebal l , f r o m w h i c h 
the t h i c k r e t i na expands and extends to the 
c i l i a r y c i rc le , fig. 223 : there is no f a l c i f o r m 
l igamen t . T h e choro id is t h i c k , and 
coloured b y a deep -b rown p i g m e n t . T h e 
c i l i a r y plicae are n e a t l y def ined , b u t do no t 
p ro j ec t f r e e l y f r o m the surface. T h e p u p i l 
is r o u n d ; the c rys ta l l ine is more convex i n 
the T u r t l e t h a n i n the f r e sh -wa te r or l a n d -
Tortoises. T h e short c i l i a r y arteries f o r m a 
p lexus r o u n d the op t ic nerve i n Chelone. 
T h e cornea is more convex i n the Tor to i s e , 

fig. 222 , t h a n i n the T u r t l e . T h e l a c r y m a l glands are t w o , fig. 222 , 
a; the smal ler (ha rde r i an ) one is i n t e r n a l and i n f e r i o r i n p o s i t i o n ; 
the l a rge r is ex t e rna l , appl ied to the eyeba l l , fig. 224 , and sending 
i t s ducts to a deep fossa i n the outer angle o f the eyelids. These, 
fig. 225 , are t h i c k , opake, covered b y p o l y g o n a l epidermic scales; 
t h e l o w e r l i d is largest , most moveable , and has fewes t scales 

Section of the eye-ball o 
Emys Europcea* xxx 

j-e-ball of Emys Europcea : shewing the external 
lacrymal gland, XXXVIII. 

Eye-lids of Emys 
Europcea. XXXVIII. 

u p o n i t i n Chelone: there is also a n i c t i t a n t membrane s i tua ted 
v e r t i c a l l y a t the i nne r canthus, and h a v i n g a ho r i zon t a l m o t i o n . 
T h e d u c t o f the ha rde r i an g l a n d opens on i t s i n t e r n a l surface 
near the l i n e o f r e f l ec t ion o f the con junc t ive membrane u p o n i t ; 
and the secretion subserves the movements o f the t h i r d l i d . B e 
sides the f o u r r e c t i and t w o o b l i q u i muscles o f the eyebal l , there 
is a choanoid or r e t r ac to r muscle d i v i d e d i n t o f o u r f a sc icu l i . 

I n the Crocod i le , the sclerot ic plates are n o t deve loped : the 
membrane , fig. 226 , x, u, is o f a firm fibro-cartilaginous tissue, 
a l l o w i n g the d a r k hue o f the choro id to appear t h r o u g h i t : the 
cornea, t, is la rge and convex . T h e cho ro id is t h i n n e r and w i t h 
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An external view of the eye, eyelids, muscles, 
&c. of a Crocodile, xx. 

a b lacker p i g m e n t t h a n i n o ther Rep t i l e s , and the c i l i a r y plica? are 
longer and more d i s t i nc t , e x t e n d i n g b e y o n d the o r i g i n o f the i r i s . 
T h i s is a n t e r i o r l y o f a pale y e l l o w colour ; the p u p i l is ve r t i c a l . 

T h e eye o f the Crocod i l e is c h i e f l y pecul ia r f o r the massive and 
complex character o f i t s appendages, fig. 226 , t o w h i c h the eye
b a l l i t se l f , x, u, t, bears b u t a smal l 
p r o p o r t i o n . N o other or h ighe r 
a n i m a l offers such a s t r u c t u r e : i t 
was one o f the discoveries o f 
H u n t e r , w h o l e f t a d r a w i n g o f i t , 
w h i c h was engraved, and , w i t h his 
p repa ra t ion , no. 1770, described i n 
x x . v o l . i i i . I n the copy o f th i s 
d r a w i n g , fig. 226 , the uppe r , e, and 
l o w e r , b, eyel ids are severed at the 
ou te r canthus, and d r a w n apar t to 
show the t h i r d or n i c t i t a n t e y e l i d , h, 
and the ex ten t o f the c o n j u n c t i v a . O f 
t h i s membrane e is the f r ee surface o f 
the pa r t w h i c h l ines the o r d i n a r y 
eyel ids , whence i t is re f lec ted over 
t h e n i c t i t a n t l i d at g,h,k\ and t hen 
u p o n the cornea a t the l i n e m a r k e d e, u p o n the p a r t o f the 
c i r cumfe rence n e x t the ou te r canthus. T h e f r ee marg ins o f 
the uppe r and l o w e r l ids are m a r k e d c ; t h e y are devo id o f c i l i a , as 
i n a l l Hcematocrya: h is the f r ee m a r g i n o f the t h i r d l i d . T h e 
glands sending t h e i r secret ion to the c o n j u n c t i v a l space are the 
proper l a c r y m a l and the ha rde r i an ; the d u c t o f the l a t t e r t e r m i 
nates on the i n n e r surface o f the base o f the n i c t i t a n t l i d , at k. 
F r o m the c o n j u n c t i v a l chamber the secret ion o f b o t h glands is 
conveyed b y the t w o p u n c t a l a c r y m a l i a , f , t o the d u c t t e r m i n 
a t i n g i n the nasal c a v i t y . T h e muscles are d iv i s ib l e i n t o those o f 
the eyel ids and those o f the eyeba l l . T h e n i c t i t a t o r , fig. 226 , z, 
arises f r o m the i n n e r and u p p e r p a r t o f the b a l l , proceeds o u t w a r d 
and d o w n w a r d , w i n d i n g r o u n d the op t ic ne rve and choanoid muscle 
( w h i c h pro tec ts the ne rve f r o m the pressure o f the n i c t i t a t o r i n 
ac t i on ) , and is i n se r t ed i n t o the i n f e r i o r angle o f the t h i r d l i d . 
W h i l s t the musc le d raws th i s o u t w a r d over the eyeba l l , i t a t the 
same t i m e rotates the b a l l i n w a r d beneath the t h i r d l i d , beino-
a t tached to movab le po in ts at b o t h ex t r emi t i e s . T h e uppe r e y e l i d 
lias a l eva to r muscle , m, ch ie f ly inse r ted i n t o the pa lpeb ra l ossicle, 
b u t also send ing a f e w fibres, n, t o be a t tached to the pa lpeb ra l 
c o n j u n c t i v a near i t s angle o f r e f l ec t i on . T h e unde r l i d has a 
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depressor musc le , o. O f the muscles o f the eyeba l l , p marks the 
rec tus s u p e r i o r ; q the rec tus i n f e r i o r ; r the rectus externus ; S 
the o b l i q u u s i n f e r i o r : t he rec tus i n t e rnus and ob l iquus superior 
are l i k e w i s e present . T h e l e t t e r x marks the inse r t ion o f the 
choanoid muscle or r e t r ac to r o f the eyeba l l , w h i c h consists o f f o u r 
por t ions s u r r o u n d i n g the opt ic ne rve , r . C o u n t i n g these w i t h the 
o ther muscles o f the eyeba l l and l i d s , there are no t f e w e r than 
t h i r t e e n ; and the eye o f the Crocodi le has i t s special skeleton as 
w e l l as muscles, represented b y the super-palpebral ossicle. 

I n b o t h Rep t i l e s a n d Fishes the range o f gradat ions o f d iop t r i c 
s t ruc tu res is v e r y g r e a t ; and the n u m b e r o f species i n w h i c h the 
eye is a mere passive rec ip ien t o f the s t imulus o f l i g h t , and u n f i t 
f o r s igh t , or the d iscernment o f o u t w a r d objects, is greater i n the 
a i r - b r e a t h i n g t h a n i n the wa te r -b rea th ing Hcematocrya. 

§ 66. Organ of Hearing in Fishes. — T h e car t i laginous capsules 
o f the acoustic organs are precociously developed i n a l l F i s h e s : i n 
the M y x i n o i d s and Ammoce tes t h e y r e t a i n t h e i r p r i m i t i v e ex t e r io r 
pos i t ion at the sides o f the base o f the proper c r a n i u m , fig. 58 , 16; 
t h e y are less conspicuous i n the L a m p r e y , fig. 60 , 16; t h e y 
become i n v o l v e d i n the t h i c k car t i lag inous wal l s o f the c r a n i u m i n 
the Plagiostomes ; and , i n Osseous Fishes , are w a l l e d u p exter 
n a l l y e i ther b y t h e s u r r o u n d i n g c ran ia l bones, or b y a special 

oss i f icat ion o f the ex te r io r pa r t o f the capsule i t se l f , f o r m i n g an 
' o s pe t rosum, ' as e. g . i n the C a r p , fig. 83 , 16, and P e r c h , figs. 
8 5 , 8 4 , 16. I n the d r y s k u l l the ear-chamber appears as a l a rge 
l a t e r a l compa r tmen t o f the c ran ia l c a v i t y , fig. 227 , o ; and is 
f o r m e d as described i n p . 115. 

I n the M y x i n o i d s the membranous l a b y r i n t h is a s imple annular 
t u b e , l i n e d b y v ib ra t i l e - c i l i a , filled w i t h fluid, and suppor t ing 
the rami f ica t ions o f the acoustic nerve . I n the A m m o c e t e and 
L a m p r e y the l a b y r i n t h is special ly a t tached t o i t s car t i laginous 
capsule, and consists o f a ' ves t ibu le and t w o ' semici rcular canals,' 
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each o f w h i c h di lates , at i t s o r i g i n , i n t o an ' ampul l a , ' w h i c h has 
some processes f r o m i t s i nne r surface. T h e t w o canals aga in 
communica te w i t h the ves t ibu le , whe re t h e y cross each o t h e r : the 
t w o divis ions o f the acoustic nerve first s u r r o u n d the ampulla? 
before t h e y spread over the rest o f the l a b y r i n t h . T h e acoustic 
communicates w i t h the c r an i a l c a v i t y b y t w o open ings : the i n f e r i o r 
and l a rge r is ova l and closed b y m e m b r a n e : the super ior gives 
passage t o the acoustic nerve . 

I n a l l o ther Fishes the membranous l a b y r i n t h , fig. 229 , a, o, 
consists o f a ves t ibu le , i b . a, and three semic i rcular canals, o; the 
ves t ibu le d i l a t i n g i n t o one or more ' sacculi , ' separated b y a con
s t r i c t i o n , or b y a n a r r o w canal , f r o m the ' alveus communis , ' and 
c o n t a i n i n g , besides the fluid cal led ' endo lymph , ' t w o or more 
masses o f carbonate o f l i m e , ca l led ' o t o l i t e s . ' 1 These are compact 
and c rys t a l l i ne i n Osseous Fishes . T h e largest , fig. 8 1 , 16", is an 
o v a l or r o u n d flattened b o d y , s t r i a ted and inden ted at the m a r g i n s ; 
convex , and sometimes g rooved (Ephippus), o n one side, more or 
less excavated o n the other. T h e smaller o to l i t e is less r egu l a r i n 
i t s shape: there are o f t e n t w o o f these. E a c h semic i rcu lar canal 
rises b y an a m p u l l i f o r m end, fig. 229 , e, f , g, f r o m the ' a l v e u s 
communis , ' a, and communica tes , b y the opposite end, e i ther w i t h 
another canal , or w i t h the ves t ibu le separately, w i t h o u t prev ious 
d i l a t a t i o n : t w o o f the canals are subve r t i ca l i n t h e i r course, and 
are an te r io r , e, and poster ior , g, i n r e l a t i ve p o s i t i o n : the t h i r d 
cana l , f , is e x t e r n a l and hor i zon ta l . A sep tum is con t i nued across 
t h e a m p u l l a f r o m the l i n e whe re the d i v i s i o n o f the acoustic nerve 
en te r s : a l a rge p r o p o r t i o n o f t h e nerve expands u p o n the sac o f 
the otol i tes . I n some fishes t h i s communicates w i t h the ves t ibu le 
b y a n a r r o w canal . A l l t he par ts o f the l a b y r i n t h are o f l a rge 
s ize ; y e t the compar tments o f the otocrane w h i c h the semic i rcu la r 
canals, fig. 229 , e , f , g , t raverse , ' a r e m u c h too w i d e f o r t h e m , 
a n d t h e y are suppor ted i n these passages b y a v e r y fine ce l lu l a r 
m e m b r a n e . ' 2 I n the P i k e (Esox lucius) a p y r i f o r m membranous 
sac, l odged i n the commencemen t o f the sp ina l canal , opens i n t o 
the ves t ibu le near t h e entrance o f the pos ter ior semic i rcu la r canal. 

T h e P l ec togna ths , L o p h o b r a n c h s , H o l o c e p h a l i , and Sturgeons 
resemble the b o n y fishes i n the f o r m and p o s i t i o n o f the l a b y r i n t h ; 
b u t the o tol i tes are represented b y cretaceous p a r t i c l e s ; a n d i n 
the Chimaera the c o m m u n i c a t i o n b e t w e e n the c r a n i u m and otocrane 
begins to cont rac t . T h e otol i tes are a h a r d c h a l k y substance i n 

1 Figures of these bodies will be found in xx. vol. iii. pi. 35; in LXVIII., LXXI., and 
in L X X I I . , with microscopic figures of the crystals. 

2 Hunter, v i i . i i i . p. 101. 
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Organ of hearing, Skate, LXVIII. 

t h e L e p i d o s i r e n , i n w h i c h , as w e l l as i n the Plagiostomes, the 
w h o l e l a b y r i n t h is b u r i e d i n the t h i c k basi- lateral wal l s o f the 
c r a n i u m . I n Plagiostomes the capsule conforms more closely i n 

size and c o n f i g u r a t i o n to the membranous 
l a b y r i n t h ; i t s passages and compartments 
are l i n e d b y a delicate pe r i chondr ium, f r o m 
w h i c h filaments are detached to support 
the semici rcular canal. T h e vest ibule is 
d i v i d e d i n the Skate and Tope in to three 
compar tments , — the ' alveus communis, ' 
fig. 228 , a ; the sac, i b . b, and the cyst icule , 
i b . c ; and i t has also a smal l csecal append
age, cal led the ' u t r i c u l e , ' i b . d: the o to l i t i c 
contents are l i k e sof t cha lk , and are dis-
posed i n t w o masses ; one v e r y la rge , occu
p y i n g the sac and the cys t icu le , the o ther 

smal l , and lodged i n the u t r i c u l e . A canal extends i n Sharks 
f r o m the ves t ibu la r capsule to a f o r a m e n at the upper pa r t o f 
t h e occ iput , w h i c h is closed b y the s k i n . I n the K a y s , besides 
th i s ' fenestra capsular,' i b . v, a membranous canal , i b . o, p, is p r o 
duced f r o m the ves t ibu le i t se l f , and , as H u n t e r w e l l describes, 
' f r o m the u n i o n o f the t w o perpendicu la r canals, fig. 228, p; 
w h i c h is the case Avith a l l the R a y k i n d , t he ex t e rna l or i f ice 
b e i n g sma l l , and placed on the upper flat surface o f the head.' 
So m i n u t e and approx ima ted are these ' outer ears, ' 1 t h a t Scarpa 
m a y be pardoned f o r o v e r l o o k i n g t h e m , t h o u g h scarcely f o r 
the w a r m t h w i t h w h i c h he repudiates t he i r existence. 2 T h e 
<; meatus v e s t i b u l i ' is p rov ided at i t s ben t e x t r e m i t y , fig. 228 , o, 
Avith a special muscle, i b . w. 

A t r u e t y m p a n i c cav i ty and membrane , together w i t h a cochlea, 
are absent i n a l l Fishes. B u t i n m a n y osseous species a com
m u n i c a t i o n is established, e i ther b y t u b u l a r pro longat ions , or b y 
chains o f ossicles, be tween the acoustic l a b y r i n t h and the a i r -
bladder . W e b e r 3 discovered the l a t t e r in te res t ing s t ruc tu re i n 
t h e C a r p , L o a c h , and Sheat-fish. A canal is sent f r o m the sac o f 
each ves t ibu le , fig. 229 , b, t o a common ' sinus impar , ' i b . h, i n 
the substance o f the bas i -occ ip i t a l : th i s communicates on each 

1 xcn. p. 296. Hunter's original memoir ' On the Organ of Hearing in Fishes' was 
printed in the volume of the Philosophical Transactions for 1782, not, as Breschet 
states, in the year 1786. (LVITI. p. 58.) 

2 'Hunterum autem atque Monroum vehementer super hac re sibi hallucinatos 
fnisse.' (LX. pp. 1, 2.) 

3 L X X I I I . 
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side b y a smal l o r i f i ce w i t h t w o subspherical c a t r i a / on the body 
o f the atlas, close to the 
f o r a m e n m a g n u m , w h i c h 
' a t r i a ' are suppor ted ex
t e r n a l l y b y the ossicles / 
and m, and , b y means o f 
the la rge ossicle o, are 
b r o u g h t i n t o communica 
t i o n w i t h the fo re p a r t o f 
the a i r -b ladder , p. B o t h 
the a t r i a and c o m m o n 
sinus are filled b y the 
e n d o l y m p h , and f r o m the 
f o r e p a r t o f the sinus a 
1 canalis f u r c a t u s , ' i b . i, 
is p roduced , the b l i n d 
ends o f w h i c h penetra te 
the alisphenoids. I n the 
g r o v e l l i n g L o a c h (Cobitis 
barbatula), t he a i r -b ladder 
w o u l d seem to ex i s t 
c h i e f l y i n subserviency 
to the o rgan o f hea r ing . 
I t is so smal l as t o be 
w h o l l y i n c l u d e d w i t h i n 
the s i n g u l a r l y m o d i f i e d 
parapophyses o f the se
cond and t h i r d ce rv ica l 
vertebrae, w h i c h are ex
panded and coalesced so 
as t o f o r m a l a rge ' b u l l a 
ossea' beneath t h e i r cen
t r u m s . 1 T h e three ossicles 
o n each side, w h i c h b r i n g 
the a i r -b ladder i n t o c o m 
m u n i c a t i o n w i t h t h e ' a t r i a ' 
o f t he l a b y r i n t h , are also 
concealed b y the f o r e p a r t 
o f t he parapophys ia l b u l 
lae : i t is p l a i n , t he re fo re , 
t h a t t h e y are n o t d is 
m e m b e r m e n t s o f those 0 l °an of Hearing in situ, with air-bladder and ossicles, Carp. 

LSXIII. 
1 xxxix. i . p. 380. 
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l a t e ra l or t ransverse apophyses o f the vertebra?; and, w i t h regard 
t o t h e i r r e l a t i o n to the e ossicula a u d i t u s ' o f the tympanic cav i ty 
i n M a m m a l i a , W e b e r mi s took a r e l a t i on o f analogy fo r one o f 
h o m o l o g y , w h e n he cal led t h e m ' mal leus , ' ' incus, ' and < stapes.' 
T h e y be long , l i k e the capsules o f the special organs o f sense, to 
the £ splanchnoskeleton. ' A n d since the vest ibule is prolonged 
b y the ' a t r i a ' i n t o the neu ra l canal o f the atlas, this ver tebra 
m u s t be added, i n the C y p r i n o i d and S i l u r o i d Fishes, to the 
parts o f the c ran ia l vertebra? enumerated at p . 115, as enter ing 
i n t o the f o r m a t i o n o f the chamber o f the acoustic organ. I n the 
H e r r i n g a t u b u l a r p ro longa t ion o f the fo re pa r t o f the air-bladder 
advances to the bas ioccipi ta l , and b i f u r c a t e s ; each branch pene
trates the side o f the base o f the s k u l l , again b i furca tes , and 
te rminates i n t w o b l i n d sacs, w h i c h are i n contact w i t h s imi la r 
ca?cal processes o f the l a b y r i n t h . I n the H o l o c e n t r u m and 
Sargus, ca?cal processes o f the swim-bladder also d iverge , t o 
a t tach themselves t o the membrane c los ing the pa r t o f the o to
crane con ta in ing the sac o f the grea t o to l i t e . 

I n Osseous Fishes the sonorous v ib ra t ions o f t he i r l i q u i d element 
is communica ted b y the m e d i u m o f the sol id parts o f t he i r body , 
and i n some species, also, t h r o u g h the v ibra t ions o f the air i n the 
a i r -bladder , t o the l i q u i d contents o f the l a b y r i n t h . I n the P l a g i o 
stomous Fishes the resonance i n the wa l l s o f t he i r cart i laginous 
c r a n i u m is less t h a n i n the b o n y s k u l l o f o r d i n a r y fishes; b u t the 
l a b y r i n t h is w h o l l y inclosed i n the ca r t i l age ; and a f u r t h e r com
pensat ion is made b y the p ro longa t ion o f i t s chamber to the surface 
o f the body i n some, and b y a s imi la r p ro longa t ion o f the m e m 
branous l a b y r i n t h i t s e l f i n others. T h e pos i t ion o f the ex te rna l 
orif ices on the t op o f the head i n the Skate t r i b e , m a y relate to 
the c o m m o n l y prone pos i t ion o f these flat fishes a t t he b o t t o m o f 
the sea. Professor M u l l e r concludes, f r o m his exper iments , ' tha t 
the a i r -b ladder i n fishes, i n add i t ion to other uses, serves the 
purpose o f increas ing b y resonance the i n t ens i t y o f the sonorous 
undu la t i ons communica ted f r o m wate r to the body o f the fish.'1 

T h e v ib ra t i ons thus communica ted to the p e r i - and endo - lymph o f 
the l a b y r i n t h are doubtless made to beat more s t rong ly u p o n the 
del icate ex t r emi t i e s o f the acoustic nerve , i n Osseous Fishes , b y 
t h e i r e f fec t u p o n the suspended otol i tes : and i t w i l l be observed, 
t h a t the c h i e f por t ions o f the nerve expand u p o n those chambers 
o f the ves t ibu le , w h i c h con ta in the otol i tes . T h e large size o f the 
o rgan o f hea r ing , and especially t h a t o f the h a r d otol i tes , also relate 
to the m e d i u m t h r o u g h w h i c h the sonorous v ib ra t ions are propagated 

1 L X X I I I . p. 1245. 
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to the fish, and t o the mode i n w h i c h t h e y are t r a n s m i t t e d t o t h e 
o r g a n ; i n l i k e manner as the eyeballs are expanded, i n order t o 
t ake i n the u t m o s t possible amoun t o f l i g h t . T h e cont rac ted 
encephalon harmonises w i t h and suffices f o r the sensations and 
v o l i t i o n s , and the s imple series o f ideas d a i l y repeated i n the 
monotonous existence o f the scaled inhab i tan t s o f the waters . 

§ 67 . Organ of Hearing in Reptiles. — T h e otocrane is l a rge i n 
p r o p o r t i o n to the c r a n i u m , i n the Perennibranchs , b u t is d i s t i nc t 
f r o m i t : i t is c h i e f l y excavated i n the a l i sphenoid and exocc ip i t a l . 
I t inc ludes a ves t ibu le , three semic i rcu lar canals (Proteus, Axelotes), 
and the o t o l i t h i c sac c o n t a i n i n g a cretaceous ma t t e r , w h i c h has 
more shape and consistency i n t h e A x o l o t l t h a n i n the N e w t s and 
Salamanders. T h e e x t e r n a l o r i f i ce o f the acoustic capsule can 
n o w be recognised as a ' ves t ibu la r ' one, or 1 fenes t ra oval is , ' and 
i t is closed b y a car t i lag inous pla te r ep resen t ing the base o f the 
stapes, connected w i t h a slender ossicle i n the A x o l o t l : b u t as y e t 
there is no trace o f t y m p a n i c c a v i t y . T h e analogy o f the ear t o 
the eye, b y the absence o f the t y m p a n i c and c o n j u n c t i v o - l a c r y m a l 
fo recour t s i n the respect ive organs o f Fishes , is s t i l l k e p t u p i n the 
fish-like R e p t i l i a . 

T h e t y m p a n i c a d j u n c t t o t h e o rgan o f h e a r i n g makes i t s first 
appearance, s imul taneous ly w i t h the developement o f eyel ids and 
l a c r y m a l organs, i n the B a t r a c h i a w h i c h have q u i t t e d t h e i r aquat ic 
f o r an aer ia l existence. B e y o n d the ves t i bu l a r f o r a m e n is 
c o n t i n u e d a shor t b u t w i d e passage o u t w a r d , or ' meatus, ' closed 
f r o m the e x t e r n a l a i r b y a t h i n t r ansparen t v i b r a t i l e m e m b r a n e — 
t h e e t y m p a n u m ' or ea r -d rum. F r o m the g r i s t l y p la te c los ing 
the ves t ibu la r f o r a m e n a slender b o n y s ty l e is c o n t i n u e d across 
t h e ' t y m p a n i c c a v i t y ' t o a d r u m , t o w h i c h i t is a t tached b y a 
cap i tu l a r or spatulate car t i l age , i n w h i c h a smal l muscle is inser ted . 
A w i d e v e r t i c a l passage f r o m t h e t y m p a n i c c a v i t y t o the fauces 
preserves t h e e q u i l i b r i u m be tween t h e a i r i n t h a t c a v i t y a n d t h e 
atmosphere o u t s i d e : i t is ca l l ed c eustachian tube . ' T h i s t u b e 
w i l l be f o u n d t o bear r e l a t i o n t o the size and exposed c o n d i t i o n o f 
the e a r - d r u m , and perhaps, also, t o i t s f o r m , w h i c h , i n the F r o g 
a n d o ther a i r - b r e a t h i n g Ovipara, is convex e x t e r n a l l y . I n the 
Pipa t he b o n y meatus is l o n g and t u b u l a r i n shape, the eustachian 
tubes t e r m i n a t e b y a s ingle m e d i a n a n d m i n u t e o r i f i ce o n the 
p a l a t e : t he e a r - d r u m is concealed b y a p a r t i a l c o v e r i n g o f s k i n . 
I t is less conspicuous e x t e r n a l l y i n a l l Toads t h a n i n F r o g s : a s m a l l 
musc le acts o n the ca r t i l age connected w i t h the e a r - d r u m , a n d a 
second longe r muscle is a t tached t o t h e d iscoid piece c los ing t h e 
v e s t i b u l a r o r i f i ce . T h e l a b y r i n t h consists o f alveus c o m m u n i s , 
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th ree semic i rcu la r canals, and o t o l i t h i c sacculus con ta in ing a semi
fluid cretaceous substance : i t is p r o p o r t i o n a l l y smallest i n Pipo. 

A l l serpents have the i n t e r n a l o rgan o f hea r ing , s imilar i n the 
m a i n t o t h e above : the base o f t h e stapes c los ing the foramen 
v e s t i b u l i , is connected, i n most serpents, b y a l o n g slender bom-
s ty l e , fig. 97 , 16, t h r o u g h the m e d i u m o f a car t i lage and l iga
mentous fibres t o the s k i n , w h i c h shows no s ign o f ear-drum or 
e x t e r n a l meatus . N o a i r is a d m i t t e d b y an eustachian canal to 
t h e ce l l u l a r substance t raversed b y the t y m p a n i c ossicle; and o f 
t h i s there is no t race i n Tythlops and Rhinophis. 

I n L a c e r t i a n s , t h e m o d i f i c a t i o n o f p a r t o f the in tegument f o r 
the special r ecep t ion o f sonorous v ibra t ions is resumed. I n the 
I g u a n a , the e a r - d r u m is p a r t i a l l y pro tec ted b y i ts ob l ique pos i t ion 
a n d b y a r i s i n g or f o l d o f the s k i n at the back pa r t o f i ts c i r c u m 
ference . I t consists o f the proper fibrous tissue o f the t ympan ic 
m e m b r a n e , covered ex t e rna l l y b y a t h i n l aye r o f ep i the l i um, and 
i n t e r n a l l y b y the l i n i n g membrane o f the t y m p a n i c cav i ty . T h e 
c o m m u n i c a t i o n between the membrana v e s t i b u l i and membrana 
t y m p a n i is b y the stapedial disc, t he c o l u m e l l i f o r m ossicle and the 
t e r m i n a l or ' m a l l e a l ' car t i lage. T h e eustachian canal is rela
t i v e l y na r rower , and i t s course more ob l ique t h a n i n the F r o g : the 
o to l i t e is a l en t i cu la r calcareous body , firmer t h a n i n the F r o g . 

I n the Chelonia the ea r -d rum is aga in masked b y unmod i f i ed 
i n t e g u m e n t ; i n the T u r t l e (Chelone mydas) i t is covered b y the 
second scale c o u n t i n g u p w a r d f r o m the a r t i cu l a t i on o f the l o w e r 
j a w . T h e membrana t y m p a n i is , however , d i s t i n c t l y f o r m e d , 
t h i c k e r and more opake t h a n i n Batrachia or Lacertia, and con
v e x o u t w a r d l y . T h e l o n g c o l u m e l l i f o r m ossicle fig. 92 , i 6 r , is 
connected w i t h i t b y a discoid car t i lage , and, at the opposite end, 
penetrates and closes the ves t ibu la r o r i f i ce b y a sub-car t i laginous 
pla te . T h e t y m p a n i c c a v i t y is d i v i d e d i n t o t w o par ts b y a bony 
sep tum, i n t e r c o m m u n i c a t i n g at t he co lumel la r c a n a l : the i nne r 
or an teves t ibular pa r t also communicates w i t h cells on the mastoid . 
T h e eustachian canal is n a r r o w , and descends b e h i n d the a r t i 
c u l a t i o n o f the m a n d i b l e ; i t s pala ta l opening is more remote f r o m 
t h a t o f the opposite ear t h a n i n other Reptilia. T h e proper cap
sule o f the l a b y r i n t h is c a r t i l a g i n o u s : besides the three semi
c i r cu l a r canals and the o to l i t h i c capsule, there n o w buds f r o m the 
ves t ibu le a b e g i n n i n g o f a cochlea, w i t h a corresponding small 
open ing i n t o the t y m p a n i c c a v i t y . 

These approx imat ions to the h i g h e r s t r uc tu r e o f the in t e rna l 
ear are more conspicuous i n Crocod i l i a . T h e cochlear process is 
conica l , w i t h the apex, fig. 230 , a, s l i g h t l y b e n t ; i ts cav i ty is 
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d i v i d e d i n t o t w o compar tmen t s b y a double ca r t i l ag inous sep tum, 
i b . b, except at the apex, w h e r e t h e y c o m m u n i c a t e ; w h i l s t , a t t h e 
base, one c o m p a r t m e n t , ' scala v e s t i b u l i , ' communicates w i t h t h e 
ves t ibu le , the o ther , e scala t y m p a n i , ' 
b y a smal l o r i f i ce ( f o r a m e n cochleae, 
seu r o t u n d u m ) , w i t h the t y m p a n i c 
c a v i t y , i n the d r y s k u l l , b u t closed 
b y m e m b r a n e i n the l i v i n g an imal , 
T h e cochlear d i v i s i o n o f the acoustic 
ne rve is shown at v, fig. 230. T h e 
semic i rcu la r canals are smal l c o m 
pared w i t h those o f fishes : c is the 
an te r io r pe rpend icu la r , d the pos
t e r i o r pe rpend icu la r , and e the ex
t e r n a l or ho r i zon t a l , canal w h i c h 
curves over the e f o r a m e n ovale, ' f . 
T h e membrana t y m p a n i , g, is l odged 
at the b o t t o m o f a deep fissure, 
and is p ro tec ted b y an opercular flap o f the i n t e g u m e n t , 
h, fitting t o a smal ler f o l d b e l o w , i, and accura te ly c los ing the 
passage. T h i s is the sole approach t o an e x t e r n a l ear k n o w n 
i n e x i s t i n g R e p t i l i a . T h e e a r - d r u m is i n c l i n e d d o w n w a r d and 
o u t w a r d , adapted to the recep t ion o f sound f r o m above, and also 
t o t h e pos i t i on o f the o v e r h a n g i n g flap. T h e g r i s t l y represen
t a t i o n o f the mal leus , It, is w e l l - m a r k e d , and the e a r - d r u m is 
t h i c k e n e d at i t s place o f a t t a c h m e n t : t he c o l u m e l l a r p a r t o f the 
stapes, / , extends o b l i q u e l y d o w n w a r d to the f o r a m e n ovale , seu 
v e s t i b u l i , f . T h e t y m p a n i c c a v i t y , m, is s i n g u l a r l y ex tended 
b y a i r -ce l l s , n o t o n l y deve loped i n the mas to id , b u t i n t h e 
basi- , par- , and super-occipi ta ls , fig. 94 , 3, i n the a l i sphenoid and 
pa r i e t a l , i b . 7, bones. T h e communica t ions be tween the t y m p a n i c 
c a v i t y and fauces are more complex t h a n i n o ther an ima l s , 1 

a l t h o u g h the eustachian f a u c i a l open ing , n, is s ingle , med ian , and 
common to b o t h ears. I t is s i tua ted a shor t w a y b e h i n d the pos
t e r i o r n o s t r i l ; and f r o m i t is c o n t i n u e d a med ian , o, and t w o l a t e r a l , 
p, canals. T h e m e d i a n canal rises and enters a b o n y canal b e t w e e n 
the bas iocc ip i ta l and basisphenoid, w h i c h b i fu rca te s , one b r a n c h , q, 
i n c l i n i n g f o r w a r d i n t o the basisphenoid, t h e o ther , r, c o n t i n u e d ve r 
t i c a l l y i n t o the bas iocc ip i ta l , b o t h i n t h e m e d i a l p lane. E a c h o f 
these branches aga in b i fu rca te s , t r ansverse ly , one t o the r i g h t , 
t h e o ther t o the l e f t , open ing u p o n the floor o f the t y m p a n i c c a v i t y . 

1 CIXXII. 
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T h e l a t e r a l membranous canals, p, p, f r o m the eustachian out le t , 
d i v e r g e t o t h e or i f ices o f corresponding la te ra l b o n y canals, w h i c h 
ascend b e t w e e n t h e bas iocc ip i ta l and basisphenoid, and communi
cate each w i t h t h e transverse subdiv i s ion , s, o f the posterior or 
o c c i p i t a l b r a n c h o f the med ian eustachian cana l : a smal l rhomboidal 
s inus is f o r m e d at the p o i n t o f u n i o n , f r o m w h i c h a short canal, 
t, is c o n t i n u e d t o t h e t y m p a n i c cav i ty . T h e common in fe r io r 
o u t l e t , s i tua ted o n a p rominence , is p a r t l y closed b y a valve, n, 
r e d u c i n g i t s area to a crescentic f o r m . 1 

§ 68. Electric Organs of Fishes.—Besides the modif icat ions and 
appendages o f the pe r iphe ra l ex t remi t ies o f the nerves consti
t u t i n g organs o f special sense, and those o f w h i c h the f u n c t i o n is 
s t i l l con j ec tu r a l , there are nerves i n fishes subject t o more ex t ra 
o r d i n a r y combinat ions , and f o r m i n g ins t ruments , u n k n o w n i n the 
h i g h e r ver tebra te classes, h a v i n g the p rope r ty o f accumula t ing 
and concen t ra t ing the subt le mode o f force applicable to the com
m u n i c a t i o n o f e lect r ic shocks. T h e f a c u l t y is l i m i t e d to f e w 
genera , t he mos t r emarkab le be ing Torpedo and Gymnotus, the 
species o f w h i c h possess the electr ic organs i n the highest state o f 
developement . I n a m i n o r degree the organs and power exist i n 
Malapterurus electricus, Mai Beninensis, Mormyrus longipinnis, 
Mor. oxyrhynchus, Mor. dorsalis. Trichiurus electricus, Gymnarchus 
niloticus, and Tetraodon electricus. 

I n the Torpedo Galvanii t he organs are t w o i n number , are 
l a r g e , flattened, r e n i f o r m bodies, lodged on each side o f the head 
a n d g i l l s , a n d encompassed b y these and b y the anter ior borders 
o f t he pec to ra l fins ( f i g . 139, E ) : t h e y consist o f a mass o f ver
t i c a l , f o r t h e most pa r t hexagonal , pr isms, the ends o f w h i c h are 
covered b y the dorsal and v e n t r a l in teguments . Benea th these 
the organs are immed ia t e ly coated b y a t h i n g l i s t en ing aponeu
rosis, w h i c h sends d o w n pa r t i t ions f o r m i n g the chambers o f the 
p r i s m a t i c co lumns . E a c h c o l u m n , w h e n insula ted i n the recent 
fish, seems l i k e a mass o f clear t r e m b l i n g j e l l y : b u t consists o f a 
series o f del icate membranous plates inclosed b y , or adherent b y 
t h e i r m a r g i n s t o , a proper capsule, and separated f r o m each other 
b v a sma l l q u a n t i t y o f a l i m p i d a lbuminous fluid. E a c h flattened 
c e l l thus f o r m e d is l i n e d b y an ep i t he l i um o f nucleated ce l l s : 
the fibrous tissue o f the plates and common capsule presents the 
microscopic characters o f elastic t issue ; be tween i t and the epi
t h e l i u m is a clear unorgan ised l aye r , t he seat o f the u l t imate 
ramif ica t ions o f the vessels and nerves. T h e proper capsule 
adheres to the aponeurot ic p a r t i t i o n - w a l l s w h i c h support the 

1 ci.xxu. p. 521, pis. xl , x i i . x i i i . 
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columns and the larger branches of the nerves and vessels of the 
organ . Some o f the v e r t i c a l co lumns do n o t ex t end t h r o u g h the 
en t i re th ickness o f the o r g a n ; b u t are i n t e r r u p t e d where the 
deep-seated nerves t raverse the substance o f the b a t t e r y , fig. 2 3 1 , 
A, D . T h e t ransverse plates o f the v e r t i c a l co lumns are s h o w n 

The right electrical organ, divided horizontally, at the place where the nerves enter, Torpedo, LXXXI. 

at E. H u n t e r , w h o coun ted 4 7 0 co lumns i n each o rgan , describes 
t h e p a r t i t i o n s as b e i n g v e r y vascular : — c T h e ar ter ies , ' he says, 
c are branches f r o m the vessels o f the g i l l s , w h i c h convey the 
b l o o d t h a t has rece ived the i n f luence o f r e sp i r a t i on . ' 1 B u t the 

1 I.XXXI. 
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most character is t ic f ea tu re o f the organisa t ion o f the electr ic 
b a t t e r y is i t s enormous supp ly o f nervous ma t t e r . E a c h organ 
derives th is supp ly f r o m one b r anch o f the t r i g e m i n a l , fig. 2 3 1 , A , 
and f r o m f o u r branches o f the vaga l nerves, i b . , B , C, D ; the f o u r 
an te r ior nerves are each as t h i c k as the sp ina l c o r d : the last 
nerve is a feeble b ranch o f the vagus. T h e t r i g e m i n a l and 
vaga l enlargements o f the o l i v a r y and r e s t i f o r m t rac ts coalesce on 
each side, f o r m i n g the so-called e e lectr ic lobes ' o f the m e d u l l a 
oblongata . T h e electr ic b r a n c h o f the fifth ne rve m a y be def ined 
even at i t s o r i g i n , f r o m the t r u e gang l ion ic p a r t o f t h a t n e r v e ; 
and b o t h th i s and the vaga l branches consist e n t i r e l y o f the p r i 
m i t i v e nerve-f ibres o f an ima l l i f e , as i n fig. 164. T h e ne rve -
t r u n k s are d i s t r i b u t e d b y successive reso lu t ion i n t o smal ler and 
smaller f a sc i cu l i , u n t i l t h e y finally penetra te the septa o f the 
columns, and t e rmina te thereon b y meshes f o r m e d b y loops, or b y 
the r e t u r n and anastomosis o f the p r i m i t i v e nerve- f ib res . 1 

I n the ee l - l ike G y m n o t u s the e lectr ic organs are f o u r i n 
number , and are s i tua ted t w o on each side the b o d y , e x t e n d i n g 
f r o m b e h i n d the pectoral fins to near the end o f the t a i l , fig. 2 3 2 , 

k, I. T h e y occupy and almost cons t i tu te the w h o l e l o w e r h a l f o f 
the t r u n k , fig. 233 ; the upper o rgan , i b . h, b e i n g m u c h la rger t h a n 
the lower one, i b . i, f r o m w h i c h i t is separated b y a t h i n muscula r 
and aponeurot ic s t r a t u m . T h e organs o f one side are separated 
f r o m those o f the other , above b y the ve r t eb r a l c o l u m n and i ts 
muscles, i b . c, t h e n b y the a i r -b ladder , i b . d, and be low th is b y 
an aponeurot ic sep tum, i b . k. F r o m th i s septum, and f r o m t h a t 
cove r ing the a i r -bladder , there e x t e n d o u t w a r d , t o be a t tached to 
the s k i n , a series o f ho r i zon ta l , or n e a r l y ho r i zon t a l , membranes , 
a r ranged i n the l o n g i t u d i n a l axis o f the body n e a r l y pa ra l l e l t o 
one ano ther ; t h e y are o f grea t b u t v a r y i n g l e n g t h , some b e i n g 
co-extensive w i t h the w h o l e o rgan , fig. 2 3 2 , k : t h e i r b r e a d t h is 
almost t h a t o f the semidiameter o f the p lane o f the b o d y i n 

1 LXXVI. 
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which they are situated, fig. 233, h. These membranes are about 
h a l f a l i n e apar t a t t h e i r ou ter bo rde r s ; b u t , as t h e y pass f r o m 
the s k i n t owards t h e i r i n n e r a t tachments , t h e y approach one 

Vertical transverse section, Gymnotus, natural size. ccxv. 

another . T h e y are in tersec ted t r ansverse ly b y more del icate 
v e r t i c a l plates, e x t e n d i n g f r o m the s k i n t o the med ian aponeu
rosis, and coextensive i n l e n g t h w i t h the b r ead th o f the septa 
b e t w e e n w h i c h t h e y are placed. H u n t e r coun ted abou t 2 4 0 o f 
these plates i n a s ingle i n c h o f l e n g t h o f the h o r i z o n t a l m e m 
brane . 1 H e compares those s t ronger membranes t o the aponeu
r o t i c w a l l s o f the pr i sms o f the T o r p e d o , and the i n t e r 
sec t ing del icate plates to the p a r t i t i o n s o f the p r i s m s : and i f 
w e a d m i t the ana logy o f these plates, and o f those o f the T o r 
pedo, t o t h e plates o f the vo l t a i c p i l e , w e perce ive t h a t , i n the 

1 LXXX. 
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G y m n o t u s , the bat ter ies are h o r i z o n t a l and the plates ve r t i ca l , 
fig. 233 , h, w h i l s t i n the T o r p e d o the bat ter ies are v e r t i c a l and 
the i r plates h o r i z o n t a l , fig. 2 3 1 , E. T h e s i tua t ion o f the organs 
is also v e r y d i f f e r e n t i n the t w o fishes; t h e y ex tend f r o m before 
the pec tora l fins to the an te r io r p a r t o f the head i n the one, 
fig. 139, E , and f r o m b e h i n d the pec to ra l fins to near the end o f 
the t a i l i n the other , fig. 2 3 2 , k. B u t a more i m p o r t a n t difference 
exists i n the c o n d i t i o n o f the interspaces be tween the delicate 
t ransverse plates. I n the T o r p e d o t h e y s i m p l y conta in a fluid. 
I n the G y m n o t u s t w o s t ra ta o f p y r a m i d a l cells d iverge f r o m a 
c o m m o n basis t r a v e r s i n g each interspace, and t e rmina te f r ee ly , 
t he one towards one p la te , t he o ther t owards the opposite plate, 
and d iv ide the fluid i n t o a ' p r e - c e l l u l a r ' and ' pos t - ce l lu l a r ' 
p o r t i o n . T h e ce l lu l a r basis is ' p o s i t i v e , ' the post-cel lular fluid 
and the pa r t i t i on -p l a t e is nega t ive , c o n s t i t u t i n g the ' voltaic 
c o u p l e ; w h i l s t t he p re -ce l lu l a r fluid is the conduc t ing element 
be tween one ' c o u p l e ' or p la te and the n e x t : the who le represents 
the t e r n a r y t y p e o f the vo l t a i c p i l e . T h e Torpedo's s t ructure is 
accord ing t o the b i n a r y t y p e . A n o t h e r remarkable difference 
is i n the source o f the nervous supp ly . I n the G y m n o t u s the 
e lect r ic organs are suppl ied b y the ' r a m i ven t ra les ' o f a l l the 
sp ina l nerves, about 2 0 0 pairs , t h a t issue i n the course o f 
t h e i r e x t e n t ; some o f the filaments r a m i f y u p o n the horizontal 
membranes f r o m t h e i r cutaneous marg ins ; b u t the greater par t of 
the nerves come f r o m the deeper-seated branches w h i c h descend 
u p o n the med ian aponeurot ic p a r t i t i o n - w a l l , and spread upon the 
septa o f the o rgan f r o m w i t h i n ou twards . Y e t the nervus la te
ra l i s , w h i c h is de r ived f r o m the same cerebral nerves as those 
w h i c h , i n the T o r p e d o , s u p p l y the e lec t r ic batteries, and w h i c h is 
f o r m e d b y s imi la r p ropor t ions o f the t r i g e m i n a l and vagus, ex
tends the w h o l e l e n g t h o f the e lect r ic organs i n the G y m n o t u s 
w i t h o u t r e n d e r i n g t h e m a filament; i t is s i tuated nearer the 
spine, and is o f l a rge r size t h a n usua l , b u t H u n t e r was no t 
able to t race any nerves g o i n g f r o m i t to j o i n those o f the 
m e d u l l a spinal is , w h i c h r u n to the o rgan . 1 T h e q u a n t i t y o f 
nervous m a t t e r supp l i ed t o the bat ter ies o f the G y m n o t u s is 
less t h a n i n the T o r p e d o : b u t more substance enters i n t o the i r 
compos i t ion . 

T h e p r o p o r t i o n a l size o f the e lec t r ic organs is also m u c h 
grea ter i n the G y m n o t u s t h a n i n the T o r p e d o : indeed, the proper 
body o f the G y m n o t u s i s , as i t w e r e , a mere appendage tacked on 
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to the f o r e p a r t o f the enormous ba t t e r i e s ; f o r the d iges t ive and 
genera t ive viscera, w i t h the resp i ra to ry and c i r c u l a t i n g organs , 
t he b r a i n and organs o f sense,— 
a l l , i n f a c t , t h a t cons t i tu te the 
proper a n i m a l , — are con f ined to 
t h a t smal l segment o f the en t i re 
b o d y w h i c h is an te r io r t o the elec
t r i c a l apparatus, fig. 2 3 2 , b. T h e 
v e n t even opens beneath the head, 
i n advance o f the pec tora l fins. 

T h e electr ic organs o f the Ma-
lapterurus electricus1 f o r m a l a y e r 
fig. 234 , A , i m m e d i a t e l y beneath 
the s k i n , enve lop ing the w h o l e 
body except the head and fins, and separated f r o m the muscles, 
i b . a, b y a fascia w i t h vessels and nerves, i b . B , and b y a l a y e r 
o f adipose tissue, i b . E. T h e electr ic o rgan is d i v i d e d b y fine 
decussat ing membranes i n t o m i n u t e lozenge-shaped cells , about a 
t h i r d o f a l i n e i n d iameter , fig. 235 , B . I t is supp l ied b y a l a rge 
ne rve i s su ing f r o m the b e g i n n i n g o f the m y e l o n and a r i s ing f r o m 
a mass, i n i t s substance, o f gangl ion-ce l l s , l i k e those i n the e lect r ic 
lobes o f t h e Torpedo . A considerable g a n g l i o n is also f o r m e d u p o n 
t h e ne rve b e y o n d i t s o r i g i n , f r o m w h i c h t h e t r u n k is c o n t i n u e d 
a long the side o f the b o d y , l i k e a e ne rvus la te ra l i s , ' and d i s t r ibu tes 
branches to the d i f fu sed organ. T h e s t r uc tu r e o f the o rgan is such 
t h a t the e lect r ic cur ren ts r u n i n a l l d i rec t ions , a n d 
a discharge w o u l d t a k e place f r o m any p o i n t o f 
i t s surface, whence , perhaps, the necessi ty f o r a 
l aye r o f n o n c o n d u c t i n g substance, E , b e t w e e n 
t h e p roper b o d y o f t h e fish and the o rgan . T h e 
shock de l ive red , w a n t i n g t h e concen t r a t i on r e 
s u l t i n g f r o m the s t r u c t u r e i n t h e T o r p e d o , is 
c o m p a r a t i v e l y feeb le , b u t suffices f o r de fence ; 
the fish b e i n g p ro t ec t ed b y i t s e l e c t r i f y i n g coat, 
as is the hedgehog b y i t s spines. 

I n the Mormyrus longipinnis t he e lec t r ic o rgan 
consists o f f o u r series o f membranous septa 
p laced l o n g i t u d i n a l l y o n t h e t a i l , t w o o n each 
side. E a c h series consists o f abou t 150 septa 
w i t h i n t e r v a l s o f g ^ t h o f a l i n e , filled b y a l b u 
m i n o u s fluid. T h e septa are s t ronger t h a n 
those i n the hexagona l co lumns o f the T o r p e d o . 2 
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Section of electric organ, 
Malapterurus, ccxvm. 
A, skin ; B, electric cells 
c, fascia; D, cellular tis
sue, with a, artery, v, 
vein, n, nerve; E, adi
pose tissue. 
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A n an ima l m u s t be i n c o m m u n i c a t i o n w i t h the To rpedo b y 
t w o d i s t i n c t po in t s , i n order to receive the shock. 1 I f an insu la ted 
f rog ' s l eg , fig. 207 , C, touches the T o r p e d o b y the end o f the nerve 
o n l y , no muscu la r contract ions ensue on the discharge o f the ba t 
t e r y ; b u t a second contac t b y a p o r t i o n o f muscle , or any other 
p a r t o f the l e g , i m m e d i a t e l y produces t h e m . 2 

T h e dorsal surface o f the e lectr ic o rgan is pos i t ive , t he v e n 
t r a l surface negat ive . T h e T o r p e d o has no power o f otherwise 
d i r e c t i n g the electr ic c u r r e n t s ; b u t M a t t e u c c i f o u n d t h a t w o u n d 
i n g the e lectr ic lobes o f the b r a i n sometimes reversed the direc
t i o n . 3 These cur ren ts , besides t h e i r effects on the l i v i n g b o d y , 
exercise a l l the other k n o w n powers o f e l e c t r i c i t y ; t h e y render 
the needle magne t i c , 4 decompose chemica l compounds, and emi t 
the spark . 5 T h e discharge o f s t rong cur ren ts is u sua l l y accom
panied b y v is ib le con t rac t ion o f parts o f the b o d y , u sua l l y b y a 
r e t r ac t i on o f the eyes o f the To rpedo , and one muscle , fig. 139 , 
o, is a r ranged so as to cons t r ic t p a r t o f the c i rcumference o f each 
b a t t e r y ; b u t such consentaneous muscu la r ac t ion , t h o u g h i t m a y 
add to the force o f the discharge, is n o t essential t o i t s p roduc
t i o n . T h e b e n u m b i n g effect seems to be p roduced b y the r a p i d 
succession o f shocks de l ive red b y the recent and v igorous fish. 
M a t t e u c c i ascertained t ha t , d u r i n g the discharge, the nerves o f 
the o rgan were n o t t raversed b y any electr ic cu r r en t . P a c i n i , 6 

f r o m a m i n u t e comparison o f the organs, deduces t h a t the elec
t r i c i t y i n the T o r p e d o is p roduced b y the d y n a m i c a l conf l ic t 
be tween the t w o pola r i t i es i n h e r e n t i n t w o sorts or d i f f e r en t 
degrees o f i n n e r v a t i o n , as i t is evo lved i n the thermo-e lec t r ic p i le 
b y the con f l i c t o f t w o polar i t ies i n h e r e n t i n t w o d i f f e r e n t degrees 
o f t e m p e r a t u r e ; w h i l s t i n the G y m n o t u s i t is produced, as i n 
the vo l t a ic p i l e , b y the chemica l conf l i c t be tween the mater ia ls 
o f the elements exc i t ed b y the nervous in f luence . 

H u m b o l d t has g i v e n a l i v e l y n a r r a t i v e o f the mode o f capture 

1 When the Neapolitan fishermen pull their nets to shore, their first act usually is 
to wash the captured fishes by dashing over them bucketfuls of sea-water; and if a 
Torpedo be amongst them it makes its presence instantly felt by the shock transmitted 
to the arm discharging the bucket. I f the fish be handled, the shock is too strong 
and painful to be willingly encountered a second time, and the arm continues long be
numbed. Each repetition of the discharge, however, enfeebles its force, and the 
surface of the fish capable of communicating the shock progressively contracts, as 
life departs, to the region of the organs themselves. When the fisherman dashes 
the stream of water over the Torpedo, the electric current passes up from the 
dorsal surface of the batteries against the stream to the man's hand, and the circle 
is completed by the earth extending from the man's feet to the ventral surface of the 
prone fish. 

2 I.XXV1I. p. 148. 3 Ib. * LXXX1I. 5 LXXVII. 6 CCXVIII. 
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o f the G y m n o t i , employed b y the I n d i a n s o f Sou th A m e r i c a , 1 and 
a l l i t s c ircumstances establish the close genera l analogy be tween the 
G y m n o t u s and T o r p e d o i n the v i t a l phenomena a t t end ing the ex
ercise o f t h e i r e x t r a o r d i n a r y means o f offence. I t is v o l u n t a r y and 
exhaus t ive o f the nervous e n e r g y ; l i k e v o l u n t a r y muscula r e f f o r t , 
i t needs repose and nour i shmen t to produce a f r e s h accumula t ion . 

I n the exper iments p e r f o r m e d b y Professor F a r a d a y on a l a rge 
l i v i n g G y m n o t u s , 2 t he most p o w e r f u l shocks were received w h e n 
one h a n d grasped the head and the other h a n d the t a i l , o f w h i c h 
I h a d p a i n f u l expe r i ence ; especial ly a t the w r i s t s , the e lbows, 
and across the back. B u t the nearer the hands w e r e toge ther 
w i t h i n ce r t a in l i m i t s , t he less p o w e r f u l was the shock. I t was 
demonst ra ted b y the ga lvanometer t h a t the d i r e c t i o n o f the elec
t r i c c u r r e n t was f r o m the an te r io r par ts o f the an ima l to the pos
t e r i o r par ts , and t h a t the person t o u c h i n g the f i s h w i t h b o t h hands 
rece ived o n l y the discharge o f the par ts o f the organs i n c l u d e d 
be tween the po in ts o f contact . Needles w e r e conver t ed i n t o 
m a g n e t s : iod ine was ob ta ined b y po la r decomposi t ion o f iod ide 
o f p o t a s s i u m ; and , a v a i l i n g h i m s e l f o f t h i s test , F a r a d a y showed 
t h a t any g i v e n p a r t o f the o rgan is nega t ive to o ther par ts be fore 
i t , and pos i t ive t o such as are b e h i n d i t . F i n a l l y , heat was 
evo lved , and the e lec t r ic spark obta ined . T h e del icate plates 

1 They rouse the Gymnoti by driving horses and mules into the ponds which those 
fish inhabit, and harpoon them when they have exhausted their electricity upon the 
unhappy quadrupeds; ' I wished,' says Humboldt, 'that a clever artist could have 
depicted the most animated period of the attack: the groups of Indians surrounding 
the pond, the horses with their manes erect and eyeballs wild with pain and fright, 
striving to escape from the electric storm which they had roused, and driven back by 
the shouts and long whips of the excited Indians: the livid yellow eels, like great 
water-snakes, swimming near the surface and pursuing their enemy: all these objects 
presented a most picturesque and exciting ensemble. In less than five minutes two 
horses were killed. The eel, being more than five feet in length, glides beneath the 
body of the horse, and discharges the whole length of its electric organ. I t attacks, 
at the same time, the heart, the digestive viscera, and, above all, the gastric plexus of 
nerves. I thought the scene would have a tragic termination, and expected to see 
most of the quadrupeds killed; but the Indians assured me the fishing would soon be 
finished, and that only the first attack of the Gymnoti was really formidable. In fact, 
after the conflict had lasted *a quarter of an hour, the mules and horses appeared less 
alarmed; they no longer erected their manes, and their eyes expressed less pain and 
terror. One no longer saw them struck down in the water; and the eels, instead of 
swimming to the attack, retreated from their assailants, and approached the shore.' 
The Indians now began to use their missiles; and, by means of the long cord attached 
to the harpoon, jerked the fish out of the water, without receiving any shock so long 
as the cord was dry; but a less cautious assailant, who had climbed an overhanging 
bough, was brought down into the water, amidst the laughter of his companions, by 
the shock sent upwards from the wounded Gymnotus, along the wetted cord attached 
to the harpoon, cvn. p. 55. 
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sus ta in ing the t e r m i n a l meshes o f the nerves and vessels are h o r i 
zon ta l i n the T o r p e d o ; the course o f the electr ic cu r r en t is 
f r o m above d o w n w a r d s . T h e cor responding plates i n the G y m 
notus are v e r t i c a l ; the d i r ec t i on o f the electr ic c u r r e n t is f r o m 
before b a c k w a r d s : i . e. i t is v e r t i c a l t o the planes o f the plates i n 
b o t h cases. 

T h e r o w o f compressed cells c o n s t i t u t i n g the e lectr ic p r i s m o f 
the To rpedo offers some analogy to the r o w o f microscopic discs 
o f w h i c h the e lementa ry muscu la r filament appears to consist, 
fig. 128, B . T h e looped t e r m i n a t i o n o f the e x c i t i n g nerve is 
common to muscu la r tissue and t h a t o f the e lec t r ic organ . T h e 
e lec t r ic , l i k e the m o t o r y nerves, r ise f r o m the an te r io r m y e l o n a l 
t r a c t s ; and, t h o u g h t h e y have a special lobe a t t h e i r o r i g i n , b e y o n d 
t h a t o r i g i n , i n the T o r p e d o , t h e y have no gang l ion . A n impress ion 
on any pa r t o f the b o d y o f the T o r p e d o is ca r r ied b y the sensory 
nerves e i ther d i r e c t l y , or t h r o u g h the poster ior m y e l o n a l t rac ts , t o 
the b r a i n , excites there the act o f v o l i t i o n , w h i c h is conveyed 
a long the e lectr ic nerves to the organs, and produces the s h o c k : 
i n muscu la r con t rac t ion , the impress ion and v o l i t i o n t ake the same 
course to the muscu la r fibres. I f t he e lect r ic nerves are d i v i d e d 
a t t h e i r o r i g i n f r o m the b r a i n , t he course o f the s t imulus is i n t e r 
r u p t e d , and no i r r i t a n t t o the b o d y has any ef fec t o n the e lectr ic 
organs any more t h a n i t w o u l d have under the l i k e circumstances 
o n the muscles. B u t , i f the ends o f the nerves i n connect ion 
w i t h the o rgan be i r r i t a t e d , t he discharge o f e l e c t r i c i t y takes place, 
j u s t as i r r i t a t i n g the end o f the d i v i d e d m o t o r ne rve i n connect ion 
w i t h the muscle w o u l d induce i t s con t rac t ion . I f p a r t o f the 
e lect r ic nerves be l e f t i n connect ion w i t h the b r a i n , t he s t imu lus 
o f v o l i t i o n cannot , t h r o u g h these, exc i te the discharge o f the 
w h o l e o rgan , b u t o n l y o f t h a t p a r t o f the o rgan t o w h i c h the 
u n d i v i d e d nerves are d i s t r i b u t e d . So, l i k e w i s e , t he i r r i t a t i o n o f 
the end o f a d i v i d e d ne rve i n connec t ion w i t h the e lec t r ic appa
ra tus , excites the discharge o f o n l y t h a t p a r t t o w h i c h such ne rve 
is d i s t r i b u t e d . W e have seen t h a t the power o f e x c i t i n g the 
e lect r ic ac t ion , l i k e t h a t o f e x c i t i n g the muscula r con t r ac t ion , is 
exhausted b y exercise and recovered b y repose: i t is also augmen ted 
b y energet ic c i r c u l a t i o n and r e s p i r a t i o n ; and w h a t is more s i g n i 
ficative o f t h e i r close ana logy, b o t h powers are exa l t ed b y the 
d i r ec t ac t ion , on the nervous centres, o f the d r u g * s t r y c h n i n e : ' 
i t s app l i ca t ion causes s imul taneous ly a te tan ic state o f the muscles 
o f the fish, and a r a p i d succession o f i n v o l u n t a r y e lec t r ic d is
charges. 1 

1 LXXVII. p. 162. 
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C H A P T E R V 

DIGESTIVE SYSTEM OF HSEMATOCRYA. 

§ 69. Dental Tissues.— A tooth is a hard body attached to the 
m o u t h or commencement o f the a l imen ta ry canal , p a r t i a l l y exposed, 
w h e n developed. C a l c i f i e d t ee th are pecul ia r to the Ve r t eb ra t e s , a n d 
m a y be def ined as bodies p r i m a r i l y , i f n o t p e r m a n e n t l y , d i s t i nc t f r o m 
the skele ton, consis t ing o f a ce l l u l a r and t u b u l a r basis o f a n i m a l 
m a t t e r c o n t a i n i n g ea r thy par t ic les , a fluid, and a vascular p u l p . 

I n genera l , t he ea r th is present i n such q u a n t i t y as t o render 
the t o o t h harder t h a n bone, i n w h i c h case the a n i m a l basis is ge la 
t inous , as i n o ther h a r d par ts w h e r e a g rea t p r o p o r t i o n o f ea r th is 
combined w i t h an ima l ma t t e r . I n a v e r y f e w instances, among the 
ve r t eb ra te animals , t h e h a r d e n i n g m a t e r i a l exists i n a m u c h 
smal ler p r o p o r t i o n , and the an ima l basis is a lbuminous ; t h e t e e t h 
here agree, i n b o t h chemica l and phys i ca l qua l i t ies , w i t h h o r n . 

T r u e tee th consist c o m m o n l y o f t w o or more tissues, character
ised b y t h e p ropor t ions o f t h e i r e a r t hy and a n i m a l cons t i tuents , 
a n d b y t h e size, f o r m , and d i r e c t i o n o f t h e cavi t ies i n the a n i m a l 
basis w h i c h con ta in t h e ea r th , t he fluid, or the vascular p u l p . 

T h e tissue w h i c h f o r m s the b o d y o f the t o o t h is ca l l ed 1 den t ine , ' 
(dentinum, L a t . ; zahnbein, zahnsubstanz, G e r m . ; Vivoire, F r . , 
fig. 236 , d). 

T h e tissue w h i c h f o r m s t h e ou te r c rus t o f t h e t o o t h is ca l l ed 
' c e m e n t ' (ccementum, crusta petrosa, L a t . , i b . e). 

T h e t h i r d t issue, w h e n present , is s i tua ted b e t w e e n t h e den t ine 
and cement , a n d is ca l l ed ' e n a m e l ' (encaustum, adamas, L a t . , i b . e). 

i D e n t i n e ' consists o f an organised a n i m a l basis and o f e a r t h y 
p a r t i c l e s : t h e basis is disposed i n t h e f o r m o f compar tmen t s or 
cel ls , fig. 2 3 7 , b, a n d e x t r e m e l y m i n u t e tubes , i b . a: t h e e a r t h y 
par t ic les have a t w o f o l d a r rangement , b e i n g e i ther b l ended w i t h 
t h e a n i m a l m a t t e r o f the interspaces and parietes o f the tubes , o r 
con ta ined i n a m i n u t e g r a n u l a r state i n t h e i r cavi t ies . T h e dens i t y 
o f t he den t ine arises p r i n c i p a l l y f r o m t h e p r o p o r t i o n o f ea r th i n 
t h e first o f these states o f c o m b i n a t i o n . T h e tubes con t a in , near t h e 
f o r m a t i v e p u l p , filamentary processes o f t h a t p a r t 1 ; and convey a 

1 CCXLVI. vol. iv. p. 929. 
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colourless fluid, p r o b a b l y t ransuded c p l a s m a ' : t h e y thus relate 
n o t o n l y to the mechanica l condi t ions o f the t o o t h , b u t to the 
v i t a l i t y and n u t r i t i o n o f the dent ine . T h i s tissue has f e w or no 
canals l a rge enough to a d m i t c a p i l l a r y vessels w i t h the r ed 

par t ic les o f b lood , and i t has been 
the re fo re cal led ' unvascular dent ine . ' 

' C e m e n t ' a lways closely corres
ponds i n t e x t u r e w i t h the osseous tissue 
o f t he same a n i m a l ; and whereve r 
i t occurs o f su f f i c i en t th ickness , as 
u p o n the t ee th o f the horse, s lo th , or 
r u m i n a n t , i t is also t raversed , l i k e 

M i r 

mm 
mm 

I 
bone, b y vascular canals, fig. 236 , c 
W h e n the osseous tissue is excavated , 
as i n dent igerous Ver t eb ra t e s above 
fishes, b y m i n u t e radia ted cells , f o r m 
ing; w i t h t h e i r contents the ' cor -
puscles o f P u r k i n j e , ' fig. 15, these are 
l i kewi se present, o f s imi la r size and 
f o r m , i n the ' cement, ' and are i t s 
ch i e f character is t ic as a cons t i tuen t o f 
the t oo th . T h e ha rden ing m a t e r i a l 
o f the cement is p a r t l y segregated 
and combined w i t h the parietes o f the 
radia ted cells and canals, and is p a r t l y 
contained i n d isgregated granules i n 
the cells , w h i c h are thus r endered 
w h i t e and opaque, v i e w e d b y re f l ec ted 
l i g h t . T h e r e l a t i ve dens i ty o f t h e 
dent ine and cement varies accord ing 

to the p r o p o r t i o n o f the ea r thy m a t e r i a l , and c h i e f l y o f t h a t p a r t 
w h i c h is combined w i t h the an ima l ma t t e r i n the w a l l s o f t h e 
cavit ies, as compared w i t h the size and n u m b e r o f the cavi t ies 
themselves. I n the complex g r inder s o f the elephant , t he masked 
boar, and the capybara , the cement , w h i c h fo rms nea r ly h a l f t he 
mass o f the t o o t h , wears d o w n sooner t h a n the dent ine . 

T h e ' enamel, ' fig. 235 , <?, is the hardest cons t i tuen t o f a t o o t h , 
and , consequent ly , the hardest o f a n i m a l t issues; b u t i t consists, 
l i k e the other den ta l substances, o f ea r thy m a t t e r a r ranged b y 
organic forces i n an a n i m a l m a t r i x . H e r e , howeve r , t h e ea r th is 
m a i n l y contained i n the canals o f the a n i m a l membrane ; and , i n 
mammals and rept i les , comple t e ly fills those canals, w h i c h are c o m 
pa ra t i ve ly w i d e , w h i l s t t h e i r parietes are o f ex t r eme t e n u i t y . T h e 

Magnified section of incisor, Horse ; 
c cement, d dentine, e enamel, v. 
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h a r d e n i n g salts o f the enamel are n o t o n l y present i n f a r grea ter 
p r o p o r t i o n t h a n i n the o ther den ta l tissues ; b u t , i n some animals, 
are p e c u l i a r l y d i s t i ngu i shed b y the presence o f fluate o f l i m e . 

T e e t h v a r y i n n u m b e r , size, f o r m , s t r u c t u r e , modi f i ca t ions o f 
t issue, pos i t i on , a n d mode o f a t t ach
m e n t , i n d i f f e r e n t animals . T h e y 
are p r i n c i p a l l y adapted f o r se iz ing, 
t e a r i n g , d i v i d i n g , p o u n d i n g , or g r i n d 
i n g t h e f o o d ; i n some t h e y are 
m o d i f i e d to serve as weapons o f 
offence and d e f e n c e ; i n others, as 
aids i n locomot ion , means o f anchor
age, i n s t rumen t s f o r u p r o o t i n g or 
c u t t i n g d o w n trees, or f o r t r anspo r t 
and w o r k i n g o f b u i l d i n g m a t e r i a l s ; 
t h e y are character is t ic o f age a n d 
s e x ; a n d i n m a n t h e y have secondary re la t ions subserv ien t t o 
b e a u t y a n d t o speech. 

T e e t h are a lways most i n t i m a t e l y r e l a t ed to the f o o d and hab i t s 
o f t he a n i m a l , and are the re fo re h i g h l y i n t e r e s t i n g t o the p h y s i o l 
ogis t . T h e y f o r m f o r the same reason most i m p o r t a n t guides t o 
t h e na tu r a l i s t i n the c lass i f ica t ion o f a n i m a l s ; and t h e i r va lue , as 
zoologica l characters, is enhanced b y t h e f a c i l i t y w i t h w h i c h , f r o m 
t h e i r pos i t i on , t h e y can be examined i n l i v i n g or recen t animals . 
T h e d u r a b i l i t y o f t h e i r tissues renders t h e m n o t less avai lable to 

t h e palaeontologist i n t h e d e t e r m i n a t i o n o f the na tu re a n d a f f i n i 
t ies o f e x t i n c t species, o f whose o rgan i sa t ion t h e y are o f t e n t h e 
sole r ema ins discoverable i n the deposits o f f o r m e r periods o f t h e 
earth 's h i s t o r y . 

T h e s imples t m o d i f i c a t i o n o f den t ine is t h a t i n w h i c h c a p i l l a r y 
t r ac t s o f the p r i m i t i v e vascular p u l p r e m a i n u n c a l c i f i e d , a n d pe r -
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Section of tooth of Cachalot, half natural 
size. v. 

m a n e n t l y ca r ry r ed b lood i n t o the 
substance o f the tissue. These 
so-called ' m e d u l l a r y ' or ' vascu
l a r ' canals present var ious dis
posi t ions i n the dent ine w h i c h 
t h e y m o d i f y , and w h i c h is cal led 
e vaso-dentine. ' I t is o f t e n com
b i n e d w i t h t r u e dent ine i n the 
same t o o t h ; e.g. i n the sca lpr i -
f o r m incisors o f ce r t a in Roden t s , 1 

t he tusks o f the E l e p h a n t , 2 t he 
molars o f the e x t i n c t M e g a t h e 
r i u m , fig. 238 , v. 

A t h i r d k i n d o f dent ine is 
whe re the ce l lu la r basis is ar 
ranged i n concentr ic layers a r o u n d 
the vascular canals, and contains 
* rad ia ted c e l l s ' l i k e those o f t h e 
osseous tissue : i t is c a l l e d e osteo-
dent ine , ' fig. 239 , o. T h e t r a n s i 
t i o n f r o m den t ine to vaso-dent ine, 
and f r o m th i s t o osteo-dentine, is 
g r a d u a l , and the resemblance o f 
osteo-dentine to t r u e bone is v e r y 
close. 

T h e chemical compos i t ion o f 
t ee th is e x e m p l i f i e d i n the sub
j o i n e d analyses o f those organs 
and t h e i r tissues f r o m species o f 
the d i f f e r e n t ve r tebra te classes:— 

MAN LION OX CROCODILE PIKE 
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Phosphate of lime, with a trace 
of fluate of lime 

Carbonate of lime . 
Phosphate of magnesia 
Salts 
Chondrine 
Fat 

66-72 
3-36 
1-08 
0-83 

27-61 
0-40 

89-82 
4-37 
1-Z4 
0-8£ 
3-39 
0-20 

60-03 
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4-21 
0-77 
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0-42 
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59-57 
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0-91 
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81-86 
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0-93 
6-66 
0-02 

58-73 
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0-82 
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0-93 

53-69 
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10-22 
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V. p. 405. T. p. 643. 
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T h e examples are e x t r e m e l y f e w , and pecul ia r t o the class 
Pisces, o f ca lc i f i ed t ee th w h i c h consist o f a s ingle tissue, and th i s is 
a lways a m o d i f i c a t i o n o f dent ine . T h e large p h a r y n g e a l t ee th o f 
the W r a s s e (Labrus) consist o f 
a v e r y h a r d k i n d o f unvascular 
den t ine . F i g . 240 shows a ve r 
t i c a l sect ion o f one o f these t ee th , 
suppor t ed u p o n the vascular 
osseous t issue o f the p h a r y n g e a l 
bone : p is t he p u l p c a v i t y . 

T h e n e x t stage o f c o m p l e x i t y 
is w h e r e a p o r t i o n o f the den t ine 
is m o d i f i e d b y vascular canals. 
T e e t h , t hus composed o f den t ine 
and vaso-dentine, are v e r y c o m 
m o n i n fishes. T h e h a r d den t ine 
is a lways ex t e rna l , and holds t h e 
place, and pe r fo rms the of f ice , o f 
enamel i n the t ee th o f h i g h e r 
animals ; b u t i t is o n l y analogous 
to enamel , n o t the same tissue. 
F i g . 2 4 1 exempl i f ies t h i s s t ruc 
t u r e i n a l o n g i t u d i n a l sect ion o f the t o o t h o f a Sha rk {Lamna). 

T h e molars o f the D u g o n g (Halicore) are composed o f dent ine 
a n d c e m e n t , the l a t t e r substance f o r m i n g a t h i c k ou te r l aye r , 
fig. 2 4 2 , c. 

I n the t ee th o f the Cacha lo t (Physeter) the p u l p - c a v i t y o f the 
g r o w i n g t o o t h becomes filled u p b y osteodentine, the r e su l t o f a 
m o d i f i e d ca l c i f i ca t ion o f the d e n t i n a l p u l p ; w h e n the t o o t h presents 
th ree tissues, as s h o w n i n fig. 2 3 9 , i n w h i c h c is t he t h i c k e x t e r n a l 
cement , d t h e h a r d den t ine , and o the os teoden t ine ; sometimes 
developed i n loose s ta lact i t ic-shaped nodules . 

I n the t e e t h o f the S l o t h , and i t s g rea t e x t i n c t congener , t h e 
M e g a t h e r i u m , t h e h a r d den t ine is r educed to a t h i n l aye r , fig. 2 3 8 , 
t, a n d the c h i e f b u l k o f t h e t o o t h is made u p o f a cen t r a l b o d y o f 
vaso-dent ine , i b . v., a n d a t h i c k e x t e r n a l c rus t o f cement , i b . c. 

Besides the n u m b e r o f cons t i tuen t tissues t ee th become ' c o m p l e x ' 
i n s t r u c t u r e b y the p r o p o r t i o n a n d d i spos i t ion , c h i e f l y i n f l e c t i o n , 
o f more or f e w e r o f those tissues. 

C e r t a i n fishes and the e x t i n c t ' L a b y r i n t h o d o n t ' r ep t i l es ex 
h i b i t t h i s c o m p l e x i t y i n a r e m a r k a b l e degree. I n fig. 2 4 3 , t h e 
t o o t h o f the Labyrinthodon salamandro'ides f e e b l y indicates i t s 
s i n g u l a r s t r u c t u r e b y t h e l o n g i t u d i n a l stria?. B u t eve ry s t reak is 
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a f issure , i n t o w h i c h a t h i n ou te r l aye r o f cement , f i g . 244 , c, is 
re f lec ted i n t o the b o d y o f the t o o t h , f o l l o w i n g the sinuous wav ings 

o f the lobes o f den t ine , d, w h i c h 
d ive rge f r o m the cen t ra l p u l p - c a v i t y , a. 

T h e in f l ec t ed f o l d o f cement , c, r uns 
s t r a igh t f o r about h a l f a l i n e , and t h e n 
becomes w a v y , the waves r a p i d l y i n 
creasing i n b read th as t h e y recede f r o m 
the pe r iphe ry o f the t o o t h ; the f i r s t t w o , 
th ree , or f o u r undu la t i ons are s imple ; 

l B l l l \ I ^ n e n t h e i r con tour i t s e l f becomes 
broken by smaller or secondary waves 

I ^ M A A I these become s t ronger as the f o l d ap-
I P r o a c n e s the centre o f the t o o t h , w h e n 
I i t increases i n th ickness , and finally 

te rminates b y a s l i g h t d i l a t a t i o n or 

i ^ ^ T O ^ B ^ ^ B loop close to the p u l p - c a v i t y , f r o m 
J I P T V t f r c ) W & k w m c n the f r e e m a r g i n o f the i n f l e c t ed 

/MSi i>(4S14 c e m e n t is separated b y an 
^ ^ ^ M ^ ^ ^ ^ ^ k e x t r e m e l y t h i n l ayer o f dent ine . T h e 

n u m b e r o f the i n f l e c t e d c o n v e r g i n g 
fo lds o f den t ine is about fifty a t the 
m i d d l e o f the c r o w n o f the t o o t h 
figured, b u t is grea ter a t t he base. 
A l l the i n f l e c t ed fo lds o f cement at 
the base o f the t o o t h have the same 
compl ica ted disposi t ion w i t h increased 
e x t e n t ; b u t , as t h e y approach t h e i r t e r 

m i n a t i o n towards the uppe r p a r t o f the t o o t h , t h e y also g r a d u a l l y 
d i m i n i s h i n b read th , and consequent ly penet ra te to a less distance 
i n t o the substance o f the t o o t h . H e n c e , i n such a sect ion as is 
del ineated, fig. 244 , i t w i l l be observed t h a t some o f the convo
l u t e d fo lds , as those m a r k e d c, e x t e n d near to the centre o f the 
t o o t h ; others, as those m a r k e d c', reach o n l y about h a l f w a y to 
the c e n t r e ; and those fo lds , c", w h i c h , to use a geologica l e x 
pression, are £ c ropp ing out , ' penetrate to a v e r y shor t distance 
i n t o the dent ine , and resemble, i n t h e i r e x t e n t and s i m p l i c i t y , t h e 
conve rg ing fo lds o f cement i n the fangs o f the t o o t h o f t h e 
I ch thyosau rus and Lep idos teus . 

T h e disposi t ion o f the den t ine is s t i l l more compl i ca ted t h a n 
t h a t o f the cement. I t consists o f a slender, c en t r a l , conica l 
c o l u m n , excavated b y a conica l p u l p - c a v i t y f o r a ce r t a in distance 
f r o m the base o f the t o o t h ; and th i s c o l u m n sends r a d i a t i n g o u t -

Section of tooth of a Shark (Lamna'), 
magn.; v vaso-dentine, d, gano-dentine. v. 
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wards , f r o m i t s c i r cumfe rence , a series o f v e r t i c a l plates, w h i c h 
d i v i d e i n t o t w o once or t w i c e before t h e y t e rmina t e a t t h e 
p e r i p h e r y o f t h e t o o t h . 

E a c h o f these d i v e r g i n g and d i c h o t o m i s i n g plates gives o f f 
t h r o u g h o u t i t s course smal ler processes, w h i c h s tand at r i g h t 

Section of tooth of Dugong; A, natural size; B, magnified; d, dentine; c, cement, v. 

angles, or n e a r l y so, t o the m a i n p l a t e ; t h e y are g e n e r a l l y oppo
s i te , b u t sometimes a l t e r n a t e ; m a n y o f the secondary plates o r 
processes, w h i c h are g i v e n o f f near the cent re o f t h e t o o t h , also 
d i v i d e i n t o t w o be fo re t h e y t e r m i n a t e ; and t h e i r con tou r is seen, 
i n the t ransverse sect ion, t o pa r take o f a l l t h e u n d u l a t i o n s o f t h e 
fo lds o f cement w h i c h i nves t a n d d i v i d e the d e n t i n a l plates and 
processes f r o m each other . 

T h e d e n t a l p u l p - c a v i t y is r educed t o a mere l i n e about t h e 
u p p e r t h i r d o f the t o o t h , b u t t h r o u g h o u t i t s w h o l e e x t e n t fissures 
rad ia te f r o m i t , co r re spond ing i n n u m b e r w i t h the r a d i a t i n g plates 
o f den t ine . E a c h fissure is c o n t i n u e d a l o n g t h e m i d d l e o f each 
p l a t e , d i v i d i n g w h e r e th i s d iv ides , and e x t e n d i n g a l o n g the m i d d l e 
o f each b i f u r c a t i o n a n d process t o w i t h i n a shor t distance o f t h e 
l i n e o f cement . T h e pu lp - f i s su re c o m m o n l y di la tes i n t o a canal 



366 ANATOMY OF VERTEBRATES. 

243 

at the o r i g i n o f the l a t e r a l processes o f the r a d i a t i n g plates, be fore 
i t d iv ides to accompany and penet ra te those processes. 

T h e m a i n fissures or radiat ions 
o f the p u l p - c a v i t y ex t end to w i t h 
i n a l i n e or h a l f a l i n e o f the 
p e r i p h e r y o f the t o o t h , and sud
d e n l y d i la te a t t he i r t e rmina t ions 
i n t o spaces, w h i c h , i n transverse 
sect ion, are subc i rcu la r , ova l , or 
p y r i f o r m , p: t h e branches o f the 
r a d i a t i n g l ines , w h i c h are c o n t i 
n u e d i n t o the l a t e ra l secondary 

J I plates or processes o f the d e n t i n a l 
lamellae, l i kewi se d i la te i n t o s i m i 
l a r , and gene ra l ly smal ler spaces. 
A l l these spaces, or canals, i n the 
l i v i n g t o o t h , m u s t have been oc
cup ied b y cor responding processes 
o f the vascular p u l p : t h e y cons t i 
t u t e as m a n y centres o f r ad ia t ion 
o f the fine tubes , w h i c h , w i t h 
t h e i r u n i t i n g clear substance, 
cons t i tu te the d e n t i n e . 1 

A n analogous c o m p l e x i t y is 
p roduced b y numerous fissures, 
r a d i a t i n g f r o m a cen t ra l mass o f 
vasodentine, w h i c h more or less 
fills u p the p u l p c a v i t y o f the 
seemingly s imple conica l t ee th , 
fig. 2 4 5 , o f the e x t i n c t e D e n d r o -
d o n t ' fishes. 

A p o r t i o n o f the transverse section, a, fig. 245 , m a g n i f i e d , 
fig. 246 , shows the fissures d i v e r g i n g f r o m the p u l p - c a v i t y , p, a n d 
i t s re t icu la te extensions, and sending smal l branches i n t o the d e n 
t i n a l lamellae. 

These l a t e ra l offsets subd iv ide i n t o a f e w shor t r ami f i ca t ions , 
l i k e the branches o f a sh rub , and t e r m i n a t e i n i r r e g u l a r and 
somewhat angula r d i la ta t ions , s i m u l a t i n g leaves, b u t w h i c h resolve 
themselves i n t o r a d i a t i n g f a sc i cu l i o f d e n t i n a l tubes. T h e r e are 
f r o m fifteen to t w e n t y - f i v e or t h i r t y - s i x o f these shor t and smal l 
l a t e ra l branches on each side o f the m a i n rays . 

Tooth of a Labyrinthodon, natural size; a line of 
section, v. 

v. pp. 195—217, pi. 64A, 64B. 
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Portion of transverse section of tooth of Labyrinthodon, 
magn. v. 

A t h i r d k i n d o f compl i ca t ion is produced b y an aggrega t ion o f 
m a n y s imple t ee th i n t o a s ingle mass, fig. 247 . 

T h e examples o f these 
t r u l y c o m p o u n d t ee th are 
mos t c o m m o n i n the class 
o f Fishes , b u t the i l l u s t r a 
t i o n here selected is f r o m 
t h e M a m m a l i a n class. 
E a c h t o o t h o f the Cape 
A n t - e a t e r ( O r y c t e r o p u s ) 
presents a s imple f o r m , is 
deep ly set i n the j a w , 
b u t w i t h o u t d i v i d i n g i n t o 
f a n g s ; i t s b road and flat 
base is porous, l i k e the 
sect ion o f a common cane. 
T h e canals t o w h i c h these 
pores lead con ta in p r o 
cesses o f a vascular p u l p , 
a n d are the centres o f r a 
d i a t i o n o f as m a n y independen t series o f d e n t i n a l t ubu le s . E a c h 
t o o t h consists o f a congeries o f l o n g a n d slender p r i sma t i c 
co lumns o f den t ine , cemented toge ther b y t h e i r ossified capsules. 
F i g . 247 is p a r t o f a t ransverse section o f such c o m p o u n d t o o t h , 
s h o w i n g c the cement , d the dent ine , p t he 
p u l p - c a v i t y o f the dent icles , and d! a section 
o f one o f t h e denticles j u s t b e y o n d i t s b i f u r 
ca t ion . 

I n t h e series o f t issues, ' c e m e n t ' and 
* dent ine , ' u n d e r i t s diverse mod i f i ca t ions , 
r a n k w i t h osteine. E n a m e l is a t issue per 
se: i t m i g h t be compared t o ca lc i f i ed e p i -
d e r m ; b u t , i n the t e e t h o f F ishes , there are 
i n t e rmed ia t e grada t ions o f s t r u c t u r e w h i c h 
l i n k enamel t o den t ine , and th i s t o bone. 

T h e genera l f o r m o f the m a t r i x or f o r m a 
t i v e o rgan o f t ee th , and t h e r e l a t i v e pos i t ion o f the d e n t i n a l p u l p 
t o i t s p r o d u c t , bear a close resemblance t o t h e f o r m a t i v e o r g a n 
o f h a i r a n d b r i s t l e . I n these, howeve r , t h e p a p i l l a or p u l p is 
deve loped f r o m the s k i n , i n t ee th f r o m the mucous membrane . 

T e e t h f u r t h e r agree w i t h the ex t ravascu la r appendages o f the 
s k i n i n b e i n g shed and r ep roduced , sometimes once, sometimes 
f r e q u e n t l y , d u r i n g the l i f e t i m e o f the i n d i v i d u a l . I n some 

245 

ooth of a Dendrodus, natural 
size. v. 
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instances, as w i t h c e r t a i n d e r m a l appendages, the r ep roduc t ion o f 
the t o o t h is u n i n t e r r u p t e d , or cont inuous . A t o o t h , w h e n fu l l y -
f o r m e d , is sub jec t t o decay, b u t has no i n h e r e n t power o f 
r epa ra t ion . 

T h u s t ee th are analogous to ep ide rma l and h o r n y parts i n the i r 
mode o f developement , i n t h e i r shedding a n d r ep roduc t ion , and 
i n t h e i r exposure t o o u t w a r d i n f l u e n c e s ; b u t the ant lers o f deer 
are s i m i l a r l y exposed, and are l i k e w i s e shed a n d renewed, y e t , 
l i k e the t ee th and horn-cores o f the o x , t h e y are classed w i t h 
the osseous tissues. 

§ 70. Teeth of Fishes.— I n th i s class o f Ve r t eb ra t e s the teeth, 
w h e t h e r w e s tudy t h e m i n r e g a r d to t h e i r n u m b e r , f o r m , substance, 
s t r u c t u r e , s i t ua t i on , or mode o f a t t achment , o f fe r a greater and 
more s t r i k i n g series o f var ie t ies t h a n do those o f any other class 
o f A n i m a l s . 

A s to number, t h e y range f r o m zero to countless quant i t ies . 
T h e L a n c e l e t , t he A m m o c e t e , t he S t u r g e o n , fig. 125 , 22, 32, the 
Padd le - f i sh , and the w h o l e order o f Lophobranchii, are edentulous. 
T h e M y x i n o i d s , fig. 2 4 8 , have a s ingle p o i n t e d t o o t h , a, o n the 
r o o f o f the m o u t h , and t w o serrated den ta l plates, b, o n the 
tongue . T h e T e n c h has a s ingle g r i n d i n g - t o o t h o n the occ ipu t , 
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fig. 2 5 0 , c, opposed to t w o dent igerous p h a r y n g e a l j a w s , d, d, 
be low. I n the L e p i d o s i r e n a s ingle m a x i l l a r y den ta l p la te , 
fig. 2 5 1 , a, is opposed to a s ingle m a n d i b u l a r one, b, and there are 
t w o smal l dent icles o n the nasal bone, c. I n the e x t i n c t Sharks 
w i t h c r u s h i n g t ee th , ca l led Ceratodus and Ctenodus, t he j a w s were 
a rmed w i t h f o u r t ee th , t w o above and 
t w o b e l o w . 1 I n the Chimasras t w o 
m a n d i b u l a r t e e t h are opposed to f o u r 
m a x i l l a r y t e e t h . 2 P r o m th is l o w p o i n t 
t h e n u m b e r i n d i f f e r e n t Fishes is p r o 
gress ive ly m u l t i p l i e d u n t i l , i n the 
P i k e , t he S i lu ro ids , fig. 2 5 2 , and m a n y 
o ther fishes, the m o u t h becomes 
c r o w d e d w i t h i n n u m e r a b l e tee th . 

W i t h respect t o form, I m a y p r e 
mise t h a t as organised beings w i t h 
d r a w themselves more a n d more , i n 
t h e i r ascent i n the scale o f l i f e , f r o m 
t h e i n f l uence o f c o m m o n phys i ca l 
agents , so t h e i r par ts p rogress ive ly 
dev ia te f r o m geome t r i ca l figures : i t 
is o n l y , t he re fo re , i n the lowes t ve r -
t e b r a t e d class t h a t w e find t ee th i n the 
f o r m o f pe r f ec t cubes, and o f p r i sms 
or plates w i t h three sides (Myletes), f o u r sides (Scarus), five, or s ix 
sides (Myliobates, fig. 2 4 9 ) . T h e cone is the mos t c o m m o n f o r m i n 
F i s h e s : such t ee th m a y be slender, sharp- 2 4 g 

p o i n t e d , and so m i n u t e , numerous , and closely 
aggregated , as t o resemble the p l u s h or p i l e 
o f v e l v e t ; these are ca l led ( v i l l i f o r m t e e t h ' 
(denies villiformes, dents en velours3)', a l l t he 
t e e t h o f the P e r c h are o f th i s k i n d : w h e n the 
t e e t h are e q u a l l y fine a n d numerous , b u t 
longer , t h e y are ca l led c c i l i i f o r m ' (denies 
ciliiformes) : w h e n the t e e t h are s imi l a r t o , b u t T e e t n of Myxine. xxi. 
r a t h e r s t ronger t h a n these, t h e y are ca l led e s e t i f o r m ' (denies seti-

formes, dents en brosse): conica l t ee th , as close set and sharp 
p o i n t e d as the v i l l i f o r m t ee th , b u t o f l a rge r size, are ca l led < rasp-
t e e t h ' (denies raduliformes, dents en rape or en car des, fig. 2 5 2 ) ; 
t h e P i k e presents such t ee th o n the back p a r t o f the v o m e r : t h e 
t e e t h o f t h e Shea t - f i sh (Silurus glanis) present a l l t he grada t ions 

1 V. pi. 22. 2 v . pi. 28. 
* The French terms are those used hy Cuvier in xxnr. passim. 

VOL. I . B B 

Transverse section of tooth of Orycteropus, 
magn. v. 
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are 

be tween the v i l l i f o r m and r a d u l i f o r m types . S e t i f o r m tee th 
common i n the Fishes thence ca l led Chaetodonts ;l i n the 

genus Citliarina t h e y b i f u r c a t e at 
t h e i r f r ee e x t r e m i t i e s ; i n the genus 
Platax t h e y end there i n three d i 
v e r g i n g po in t s , and the cone here 
merges i n t o the l o n g and slender 
c y l i n d e r , fig. 2 5 3 . 

Sometimes the cone is compressed 
i n t o a t r e n c h a n t blade : a n d th i s m a y 
be p o i n t e d a n d r e c u r v e d , as i n the 
Murcena ; or ba rbed , as i n Trichiurus, 
and some other Scombero ids ; or i t 

m a y be b e n t u p o n i t se l f , l i k e a t en te rhook , as i n the fishes thence 
ca l led Gon iodon t s . 2 I n the B o n i t o m a y be perce ived a progressive 

t h i c k e n i n g o f t h e base o f 
t h e conica l t e e t h : and t h i s 
b e i n g c o m b i n e d i n o the r 
p reda to ry fishes w i t h i n 
creased size and r e c u r v e d 
d i r e c t i o n , t h e y t h e n resem
b l e the l a n i a r y or canine 
t e e t h o f ca rn ivorous quad 
rupeds , as w e see i n t h e 
l a rge t ee th o f the P i k e , i n 
t h e L o p h i u s , fig. 260 , and 
i n ce r t a in sharks, fig. 263 . 

T h e an te r io r d i v e r g i n g 
g r a p p l i n g t e e t h o f t h e w o l f -
fish f o r m s t ronger cones ; 

and b y progressive b l u n t i n g , flattening, and expans ion o f the 
I apex, observable i n d i f f e r e n t fishes, t h e 
cone g r a d u a l l y changes t o the t h i c k and 
shor t c y l i n d e r , such as is seen i n t h e back 
t ee th o f the w o l f - f i s h , and i n s imi l a r g r i n d 
i n g and c r u s h i n g t e e t h i n o ther genera , 
Avhether feeders on sea-weeds or o n crus ta-
ceous and testaceous animals . T h e g r i n d 
i n g surface o f these shor t c y l i n d r i c a l t e e t h 
m a y be convex , as i n the Sheep's-head 
fish (Sargus); or flattened, as i n the 

pha ryngea l t ee th o f the Wrasse (Labrus, fig. 2 5 4 ) . Somet imes 
the hemispher ic t ee th are so numerous , and spread over so b road a 

1 XaiVrj, a bristle; dtiohs, a tooth. 2 Twvla, an angle ; oSovs, a tooth. 

Teeth of Lepidosiren. xxxm. 
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surface , as t o resemble a pavement , as i n the pha ryngea l bones o f 
t h e W r a s s e or R o c k - f i s h (Labrus, fig. 2 5 4 ) ; or t h e y m a y be 
so sma l l , as w e l l as numerous (denies graniformes), as t o g i v e a 
g r a n u l a t e d surface to the p a r t o f the m o u t h 
t o w h i c h t h e y are a t tached (p remax i l l a r i e s 
o f Cossyphus).1 A progressive increase o f 
t h e t ransverse over the v e r t i c a l d iameter m a y 
be t r aced i n the m o l a r t ee th o f d i f f e r e n t 
fishes, and sometimes i n those o f the same 
i n d i v i d u a l , as i n Labrus, u n t i l the c y l i n d r i c a l 
f o r m is exchanged f o r t ha t o f the depressed 
p la te . Such den ta l plates (denies lamelli-

formes) m a y be f o u n d , n o t o n l y c i r cu l a r , 
b u t e l l i p t i c a l , ova l , semi lunar , s i gmoid , o b 
l o n g , or even square, hexagona l , pen tagona l , 
or t r i a n g u l a r ; and the g r i n d i n g surface m a y 
present va r ious and b e a u t i f u l k i n d s o f s c u l p 
t u r i n g . T h e broadest and t h innes t l a m e l l i -
f o r m t ee th are those t h a t f o r m the complex 
g r i n d i n g t ube rc l e o f the D i o d o n , fig. 257 , 
b. T h e f r o n t t ee th o f the F l o u n d e r and Sargus 
present the f o r m o f compressed plates, a t 
least i n the c r o w n , and are denies incisivi. N u m e r o u s w e d g e -
shaped den ta l plates (denies cuneati) are set v e r t i c a l l y i n t h e 

253 254 

u p p e r p h a r y n g e a l bone o f the P a r r o t - f i s h (Scarus, fig. 2 5 5 ) . 
A t h i n l ame l l a , s l i g h t l y c u r v e d l i k e a finger-nail, is the s i n g u l a r 
f o r m o f t o o t h i n an e x t i n c t genus o f fishes, thence ca l l ed 
Petalodus. Somet imes t h e i nc i s ive f o r m o f t o o t h is n o t c h e d 
i n t h e m i d d l e o f t h e c u t t i n g edge, as i n Sargus unimaculatus. 
Somet imes the edge o f t h e c r o w n is t r i l o b a t e (Aplodactylus, 
fig. 2 5 6 ) . Somet imes i t is made q u i n q u e l o b a t e b y a d o u b l e 

1 v. pi. 45, fig 1. 
B B 2 
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Superior pharyngeal hones and 
teeth (Scarus). v. 

n o t c h on each side o f the large midd l e lobe (Hoops). I n the 
f o r m i d a b l e Sea-pike (Sphyrcena Barracuda) the c r o w n o f each 
t o o t h , la rge and sma l l , is p roduced i n t o a compressed and sharp 

p o i n t , and resembles a lancet . Sometimes 
the edges o f such lancet-shaped t ee th are 
finely serrated, as i n Priodon, and the great 
Sharks o f the genus Carcharias, the foss i l 
t e e th o f w h i c h indica te a species (Carch. 
Megalodon) s i x t y or seventy fee t i n l e n g t h . 

T h e lance t ted f o r m is exchanged f o r the 
s t ronger spear-shaped too th i n the Sharks 
o f the genus Lamna, fig. 2 6 0 ; and i n the 
a l l i ed great e x t i n c t Otodus, as i n the smal l 
Porbeagle , s i m i l a r l y shaped, b u t s t ronger , 
p i e r c i n g and c u t t i n g tee th were compl ica ted 
b y one or more accessory compressed cusps on 
each side o f t h e i r base, l i k e the M a l a y crease. 

W i t h respect t o situation, t he t ee th , i n 
Sharks and R a y s , are l i m i t e d to the bones 
( m a x i l l a r y and m a n d i b u l a r ) , w h i c h f o r m the 
an te r ior aper ture o f the m o u t h : i n the 

C a r p and other C y p r i n o i d s the t ee th are conf ined to the bones 
( p h a r y n g e a l and bas ioccip i ta l ) w h i c h c i rcumscr ibe the posterior 

aper ture o f the m o u t h . T h e Wrasses (Labrus) and 
the Par ro t - f i shes ( Scarus) have t ee th on the p re -max-
i l l a r y and p re -mand ibu la r , as w e l l as on the upper 
and l o w e r p h a r y n g e a l s ; b o t h the an te r io r and 
poster ior apertures o f the m o u t h be ing thus p r o -

w f i f ^ ^ v i d e d w i t h i n s t rumen t s f o r seizing, d i v i d i n g , or c o m -
V ' l l L f i ' l f m i n u t i n g the f o o d , the g r inders b e i n g s i tua ted at 
I f p i p i l u p h a r y n x . I n most fishes t ee th are developed 

F r o n L t cwus° f v! P l 0 a l s o m t he in te rmedia te par ts o f the o ra l c a v i t y , 
as on the palat ines, the vomer , the h y o i d bones, 

t he b r anch i a l a rches ; and , t h o u g h less c o m m o n l y , on the p t e 
r y g o i d s , t he en topterygoids and 
the sphenoids. I t is v e r y rare to 
find t ee th developed on the t r u e 
super ior m a x i l l a r y bones ; b u t the 
H e r r i n g and Sa lmon t r ibes , some 
o f the G a n o i d Fishes , and the 
grea t Sudis, fig. 86 , 21, are ex
amples o f th i s approach to the 
h ighe r Ver t eb ra te s . A m o n g the 

Section of the jnv? and tcrlh of the Globe-fish i . . „ , 
\Diodon). v. anomalous posi t ions of t ee th m a y 

256 

file:///Diodon
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be c i t ed , besides the nasal t ee th o f the L e p i d o s i r e n , f i g . 2 5 1 , c, 
and the occ ip i t a l a lveolus o f the C a r p and T e n c h , f i g . 250 , the 
m a r g i n a l a l v e o l i o f the p ro longed , depressed, w e l l ossified r o s t r u m 
o f the Saw- f i sh (Pristis, fig. 65 ) . I n the L a m p r e y s , fig. 138, and 
i n Helostomus ( an osseous fish), most o f the t ee th are a t tached to 
the l ips . L a s t l y , i t is pecul ia r t o the class Pisces, amongst V e r t e 
brates , t o o f fe r examples 

258 o f t ee th developed i n t h e 
med ian l i n e o f the m o u t h , 
as i n the palate o f t h e 
M y x i n e s , fig. 248 , a; 
or crossing the s y m p h y 
sis o f the j a w , as i n 
Notidanus, Scymnus, and 
Myliobates, fig. 249 . 

N o r is the mode less 
v a r i e d t h a n the place o f 
a t t achment . T h e t ee th 
o f Lophius, Pcecilia, 
Anableps, are a lways 
moveable . I n most 
fishes t h e y are anchy
losed to the j a w s b y con

t i n u o u s ossif icat ion f r o m 
t h e base o f the den ta l 
p u l p . Somet imes w e 
find, n o t the base, b u t 
one side, o f the t o o t h anchylosed to the a lveolar border o f the 

Beak of Parrot-fish (Scarus muricatus). V. 

j a w ; and the t e e t h oppose each o ther b y t h e i r sides ins tead 
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o f t h e i r summi t s (Scams, f i g . 2 5 9 ) ; i n Pimelodus, however , 
w h e r e the tee th are thus a t tached, the c r o w n is ben t d o w n 
i n the upper t ee th , and ben t u p i n the l o w e r ones, a t r i g h t angles 

t o the f a n g , so t h a t t h e y 

Portion of the jaw of Lophius piscatorius, showing the liga
mentous attachment of the teeth, v. 

260 
oppose each other b y the 
n o r m a l surfaces. C e r t a i n 
t e e t h o f recent and foss i l 

I ca r t i l ag inous fishes have 
I t h e i r base d i v i d e d i n t o 
I processes l i k e fangs , b u t 
J these serve f o r the a t t ach 
m e n t o f l igaments , and 

I are n o t set i n b o n y sockets 
I l i k e the t r u e fangs o r 
I roots o f the t e e t h o f M a m 
mals. 

T h e base o f anchylosed 
I t e e t h is , at first, a t tached 
I t o the j a w b o n e b y l i g a 

m e n t ; and i n the Cod- f i sh , >Yol f - f i sh , and some o ther spe
cies, as ca lc i f i ca t ion o f the t o o t h progresses towards i t s base, 
the subjacent p o r t i o n o f the j a w b o n e receives a s t i m u l u s , and 

developes a process corres
p o n d i n g i n size and f o r m 
w i t h the base o f the t o o t h : 
f o r some t i m e a t h i n l a y e r 
o f l igamentous substance 
in tervenes , b u t anchylosis 
u s u a l l y takes place t o a 
greater or less e x t e n t be fo re 
the t o o t h is shed. M o s t o f 
the t ee th o f the L o p h i u s r e 

t a i n the p r i m i t i v e connec t ion ; the l igaments , fig. 260 , d, o f the l a rge 
i n t e r n a l or poster ior t ee th o f the uppe r and l o w e r j a w s , radiate o n 
the cor responding sides o f the bone, the base o f t h e t o o t h r e s t i n g 
on a conformable alveolar process. T h e l igaments do n o t p e r m i t 
the t o o t h to be ben t o u t w a r d b e y o n d the v e r t i c a l pos i t i on , b u t 
y i e l d t o pressure i n the c o n t r a r y d i r e c t i o n , b y w h i c h the p o i n t o f 
the t o o t h may be d i rec ted towards the back o f the m o u t h , as at c; 
t he ins tan t , howeve r , t h a t t h e pressure is r e m i t t e d , the t o o t h 
r e tu rns t h r o u g h the e las t ic i ty o f the b e n t l i gamen t s , as b y the 
ac t ion o f a sp r ing , i n t o i t s usua l erect pos i t ion , b; t he d e g l u t i t i o n 
o f the p r e y o f th is voracious fish is thus f a c i l i t a t e d , and i t s escape 
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p r e v e n t e d . T h e b road and gene ra l l y b i f u r c a t e b o n y base o f the 
t e e t h o f Sharks is a t tached b y l i g a m e n t to the semiossified c rus t 
o f t he ca r t i l ag inous j a w s , fig. 2 6 3 ; b u t t h e y have no .power o f 
e r e c t i n g or depressing the t ee th a t w i l l . T h e smal l and closely 
c r o w d e d t ee th o f R a y s are also connected b y l igaments to the 
subjacent m a x i l l a r y and m a n d i b u l a r membranes. T h e broad tes-
selated t ee th o f the Myliobates have t h e i r a t tached surface l o n g i 
t u d i n a l l y g rooved to a f f o r d t h e m be t te r ho ld- fas t , and the sides o f 
t h e cont iguous t ee th are a r t i c u l a t e d together b y serra ted or finely 
u n d u l a t i n g sutures , a s t r uc tu r e u n i q u e i n den ta l organisa t ion . 
T h e t ee th o f the Sphyrcena are examples o f the o r d i n a r y i m 
p l a n t a t i o n i n sockets, w i t h the a d d i t i o n o f a s l i g h t anchylosis o f the 
base o f the f u l l y - f o r m e d t o o t h w i t h the a lveolar pa r i e tes ; and the 
compressed r o s t r a l t ee th o f the Saw- f i sh , fig. 65 , are deep ly 
i m p l a n t e d i n sockets. I n the l a t t e r the h i n d m a r g i n o f t h e i r base 
is g rooved , and a cor responding r i dge f r o m the back p a r t o f t h e 
socket fits i n t o the g roove , and gives a d d i t i o n a l fixation to t h e 
t o o t h . Some i m p l a n t e d t e e t h i n the present class have t h e i r 
h o l l o w base f u r t h e r suppor ted , l i k e the claws o f the f e l i n e t r i b e , 
u p o n a b o n y process a r i s ing f r o m the base o f t h e socke t ; t he i n 
cisors o f the Bal i s tes , e .g . a f f o r d an example o f th i s doub le or 
r ec ip roca l gomphosis . 1 I n f a c t , t h e w h o l e o f th i s p a r t o f t h e 
o rgan i sa t ion o f fishes is rep le te w i t h b e a u t i f u l instances o f des ign 
a n d i n s t r u c t i v e i l l u s t r a t i o n s o f a n i m a l mechanics. T h e v e r t i c a l 
sect ion o f a p h a r y n g e a l j a w and t ee th o f the Wras se {Labrus) 
w o u l d a f f o r d t h e a rch i t ec t a m o d e l o f a dome o f u n u s u a l s t r e n g t h , 
a n d so suppo r t ed as t o re l i eve f r o m pressure the f l o o r o f a v a u l t e d 
chamber beneath . T h e base o f the dome-shaped t o o t h , fig. 2 4 0 , 
p, is s l i g h t l y con t rac ted , and is i m p l a n t e d i n a sha l low c i r c u l a r 
c a v i t y ; t he r o u n d e d m a r g i n o f w h i c h is adapted to a c i r c u l a r 
g roove i n the con t rac ted p a r t o f the base ; the m a r g i n o f t h e 
t o o t h w h i c h i m m e d i a t e l y t r ansmi t s the pressure o f the bone, is 
s t r eng thened b y an i n w a r d l y p r o j e c t i n g convex r idge . T h e 
masonry o f t h i s i n n e r but t ress , and o f the dome i t s e l f , is composed 
o f h o l l o w co lumns , e v e r y one o f w h i c h is p laced so as best t o 
resis t o r t r a n s m i t i n the due d i r e c t i o n the e x t e r n a l pressure. 
T h e floor o f t h e a lveolus is thus r e l i eved f r o m the off ice o f sus
t a i n i n g the t o o t h : i t f o r m s , i n f a c t , t he r o o f o f a l o w e r v a u l t , i n 
w h i c h the g e r m o f a successional t o o t h , fig. 2 6 1 , b, is i n course o f 
deve lopement . T h e s u p e r i n c u m b e n t pressure is e x c l u s i v e l y 
sustained b y t h e bo rde r o f the a lveo lus , whence i t is t r a n s f e r r e d to 

1 V. p. 82, pi. 40. 
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the wa l l s d i v i d i n g the v a u l t e d cavit ies c o n t a i n i n g the germs o f the 
n e w t e e t h ; the roofs o f these cavit ies y i e l d t o the absorbent 
process consequent o n the g r o w t h o f the n e w t ee th w i t h o u t . 
m a t e r i a l l y w e a k e n i n g the a t t achment o f the o l d t ee th , and w i t h o u t 
t h e n e w t ee th b e i n g subjected t o any pressure u n t i l t h e i r g r o w t h 
is s u f f i c i e n t l y advanced to enable t h e m to bear i t w i t h s a fe ty ; b y 
th i s t i m e the sus ta in ing borders o f the o l d alveolus are under 
m i n e d , and the o l d w o r n - d o w n t o o t h is shed. 

T h e den ta l system o f the W o l f - f i s h (Anarrhichas Lupus), is 
adapted f o r f eed ing on h a r d Crustacea and testacea. B u t , i n 
order t o secure the capture o f the she l l - f i sh , the t ee th o f the 
W o l f - f i s h are n o t a l l c rushe r s ; some present the l a n i a r y t y p e , 
w i t h the apices more or less r e c u r v e d and b l u n t e d b y use, 
and consist o f s t rong cones spread abroad, l i k e g r app l i ng -hooks , 
at the anter ior p a r t o f the m o u t h . 1 

T h e p r e m a x i l l a r y t ee th are conical , and a r ranged i n t w o rows . 
T h e r e are three la rge , s t rong , d i v e r g i n g laniar ies at t he an te r io r 
end o f each p remand ibu la r bone, and i m m e d i a t e l y b e h i n d these 
an i r r e g u l a r n u m b e r o f shorter and smaller conica l t ee th , w h i c h 
g r a d u a l l y exchange th i s f o r m f o r t h a t o f l a rge obtuse t ube rc l e s ; 
these ex t end b a c k w a r d , i n a double a l ternate series, a long a grea t 
p a r t o f the a lveolar border o f the bone. E a c h pa la t ine bone 
supports a double r o w o f t ee th , the outer ones b e i n g conical and 
s t r a igh t , and f r o m f o u r t o s ix i n n u m b e r ; the i n n e r ones t w o , 
th ree , or f o u r i n n u m b e r , and tube rcu la t e . T h e l o w e r surface o f 
the vomer is covered b y a double i r r e g u l a r l y a l te rna te series o f 
the same k i n d o f l a rge c rush ing t ee th as those at t he m i d d l e o f 
the p remandibu la r . A l l the t ee th are anchylosed to more or less 
developed alveolar eminences, l i k e the an te r io r t ee th o f the 
Lophius. 

F r o m the enormous developement o f the muscles o f the j a w s , 
and the s t r eng th o f the shells of the w h e l k s and o the r testacea 
w h i c h are c racked and crushed b y the t ee th , t h e i r f r a c t u r e a n d 
displacement m u s t obv ious ly be no u n f r e q u e n t occu r r ence ; a n d 
most specimens o f the j a w s o f the W o l f - f i s h e x h i b i t some o f t h e 
t ee th separated at the l i ne o f anchylosis , or b r o k e n o f f above t h e 
base. 

W i t h r ega rd to the substance o f the t ee th o f F ishes , t he 
modi f ica t ions o f den t ine , ca l led vaso-dent ine and osteo-dentine, 
predominate m u c h more t h a n i n the h i g h e r V e r t e b r a t e s , a n d t h e y 
thus more closely resemble the bones w h i c h suppor t t h e m . T h e 

1 v. pi. 60, 61. 
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t ee th o f most o f the Chaetodonts are flexible, elastic, and composed 
o f a y e l l o w i s h subt ransparent a lbuminous tissue ; such, l i k e w i s e , 
are the l a b i a l t e e t h o f the He los tome , the p r e m a x i l l a r y and 
m a n d i b u l a r t e e t h o f the Goniodon t s , and o f the perco id genus 
Trichodon. I n the Cyclostomes the t e e t h consist o f a denser 
a lbuminous substance. T h e uppe r p h a r y n g e a l mola r o f the C a r p 
consists o f a pecu l ia r b r o w n and semit ransparent t issue, hardened 
b y salts o f l i m e and magnesia. T h e t e e t h o f the F l y i n g - f i s h 
(Exoccetus) and S u c k i n g - f i s h (Remord) consist o f osteo-dentine. 
I n m a n y Fishes , e. g . the Acanthurus, Sphyrcena, and ce r t a in 
Sharks {Lamna, fig. 2 4 1 ) , a base, or body o f osteo-dentine, is 
coated b y a l aye r o f t r u e den t ine , d, b u t o f u n u s u a l hardness, l i k e 
e n a m e l : i n Prionodon t h i s h a r d tissue predominates . I n t h e 
Labrus the p h a r y n g e a l c r u s h i n g t ee th consist w h o l l y o f h a r d o r 
unvascu la r den t ine , fig. 240 . I n most P y c n o d o n t s and Ces t ra-
cionts , and m a n y other Fishes , the b o d y o f the t o o t h consists o f 
o r d i n a r y unvascula r den t ine , covered b y a m o d i f i c a t i o n o f gano-
dent ine . I n Sargus and Balistes t he b o d y o f the t o o t h consists 
o f t r u e den t ine , and the c r o w n is covered b y a t h i c k l a y e r o f a 
denser t issue, d i f f e r i n g f r o m the e e n a m e l ' o f M a m m a l i a o n l y i n 
t h e more compl ica ted and organised mode o f depos i t ion o f the 
ea r t hy salts. T h e oss i f icat ion o f t h e capsule o f the complex 
m a t r i x o f these t ee th covers t h e enamel w i t h a t h i n coa t i ng o f 
' cement . ' I n the p h a r y n g e a l t ee th o f the Scarus a f o u r t h sub
stance is added b y the oss i f ica t ion o f the base o f the p u l p a f t e r 
i t s s u m m i t and p e r i p h e r y have been conver t ed i n t o h a r d den t ine ; 
a n d the t ee th , fig. 2 6 2 , t hus composed o f cement , c, enamel , 
den t ine , d,- and osteo-dent ine, are the mos t complex i n r e g a r d t o 
t h e i r substance t h a t have y e t been discovered i n the a n i m a l 
k i n g d o m . 

T h e tubes w h i c h convey the c a p i l l a r y vessels t h r o u g h t h e 
substance o f the osteo- and vaso-dent ine o f the t ee th o f F ishes 
w e r e ea r ly recognised, o n account o f t h e i r c o m p a r a t i v e l y l a r g e 
s ize ; as b y A n d r e , e, g . i n the t ee th o f Acanthurus,1 a n d b y 
C u v i e r and V o n B o r n i n t h e t e e t h o f the w o l f - f i s h and o ther 
species. L e e u w e n h o e k h a d also detected the m u c h finer t ubes 
o f t h e p e r i p h e r a l den t ine o f the t e e t h o f the haddock . 2 These 
4 d e n t i n a l t u b u l i ' are g i v e n o f f f r o m the parietes o f the vascu la r 
canals, a n d bend , d i v i d e , and subd iv ide r a p i d l y i n t h e h a r d basis-
t issue o f t h e interspaces o f those canals i n os teo-den t ine ; t h e 
d e n t i n a l t u b u l i alone are f o u n d i n t r u e den t ine , and t h e y have a 

1 CCXLVII. 2 CCXLVIII., p. 1003. 
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s t ra ighter and more pa ra l l e l course, u s u a l l y at r i g h t angles to the 
outer surface o f the dent ine . Those conica l t ee th w h i c h , w h e n 
f u l l y f o r m e d , consist w h o l l y o r i n g rea t p a r t o f osteo-dentine or 
vaso-dentine, a lways first appear w i t h an apex o f h a r d or t r u e 
dent ine , I n some Fishes the s imple cen t r a l basal p u l p - c a v i t y o f 
such t ee th , ins tead o f b r e a k i n g u p i n t o i r r e g u l a r or pa ra l l e l 
canals, sends o u t a series o f v e r t i c a l plates f r o m i t s p e r i p h e r y , 
w h i c h , w h e n ca lc i f i ed , g i v e a fluted character t o the base o f the 
t oo th , e. g . i n Lepidosteus oxyurus.1 T h i s is the first step i n the 
p a t t e r n o f compl i ca t i on w h i c h at ta ins i t s m a x i m u m i n L a b y r i n t h -
odonts and Dendrodon t s , figs. 244 , 246 . 

T h u s , w i t h reference to the m a i n tissue o f t o o t h , we find n o t 
f e w e r t h a n s ix l ead ing modi f ica t ions i n F i s h e s : h a r d o r t r u e 
den t ine (Sparoids, Labroids, Lophius, Balistes, Pycnodonts, 
Prionodon, Sphyrcena, Megalichthys, Rhizodus, Diodon, Scarus), 
osteo-dentine ( Cestracion, Acrodus, Lepidosiren, Ctenodus, Hybodus, 
Percoids, Scicenoids, Cottoids, Gobioids, and m a n y o thers ) , vaso-
dent ine (Psammodus, Chimceroids, Pristis, Myliobates), p l i c i - den t i ne 
(Lophius, Holoptychius, Lepidosteus oxyurus, a t t he base o f the 
t ee th ) , l a b y r i n t h o - d e n t i n e (Lepidosteus platyrhinus, Bothriolepis), 
and dendro-dent ine (Dendrodus); besides the c o m p o u n d t e e t h o f 
the Scarus and Diodon. 

One s t r u c t u r a l m o d i f i c a t i o n m a y p r e v a i l i n some t ee th , another 
i n o ther tee th , o f the same fish; and t w o or more modi f i ca t ions 
m a y be present i n the same t o o t h , a r i s ing f r o m changes i n the 
process o f ca lc i f i ca t ion and a persis tency o f por t ions or processes 
o f the p r i m i t i v e vascular p u l p or m a t r i x o f the dent ine . 

T h e dense cove r ing o f the beak - l i ke j a w s o f the Par ro t - f i shes 
(Scarus, figs. 258 , 2 5 9 ) consists o f a s t r a t u m o f p r i sma t i c dent ic les , 
s t and ing almost v e r t i c a l l y t o the e x t e r n a l surface o f the j a w - b o n e . 
I t is p e c u l i a r l y adapted to the habi ts and exigences o f a t r i b e o f 
Fishes w h i c h browse u p o n the l i t h o p h y t e s t h a t c lo the , as w i t h a 
r i c h l y t i n t e d carpet , the b o t t o m o f the sea, j u s t as the R u m i n a n t 
quadrupeds crop the herbage o f the d r y l and . 

T h e i r r i t a b l e bodies o f the gela t inous polypes w h i c h cons t i tu te 
the f o o d o f these Fishes r e t r ac t , w h e n touched , i n t o t h e i r s tar-
shaped s tony shells, and the Scar i consequent ly r e q u i r e a d e n t a l 
apparatus s t rong enough to b reak o f f or scoop o u t these calcareous 
recesses. T h e j a w s are, the re fo re , p r o m i n e n t , short , and s tou t , 
and the exposed por t ions o f the p remax i l l a r i e s a n d p remand ibu la r s 

1 Wyman, American Journal of Natural Sciences, Oct. 1843. Cuvier has given 
an accurate view of the plaited structure of the base of the Wolf-fish's teeth in pi. 32, 
fig. 7, of his Lemons d'Anatomie Comparee, 1805. 
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are encased b y the above-described compl ica ted den ta l cove r ing . 
T h 3 polypes a n d t h e i r cells are reduced to a p u l p b y the ac t ion o f 
the p h a r y n g e a l j a w s a n d t ee th , t h a t close the poster ior aper tu re o f 
the m o u t h . T h e super ior dent igerous pharyngea ls , fig. 255 , present 
the f o r m o f an e longated, v e r t i c a l , i nequ i l a t e r a l , t r i a n g u l a r p l a t e : 
t he u p p e r and an te r io r m a r g i n f o r m s a t h i c k e n e d a r t i cu l a r surface, 
convex f r o m side to side, and p l a y i n g i n a cor responding groove or 
c o n c a v i t y u p o n the base o f the s k u l l ; the i n f e r i o r b o u n d a r y o f the 
t r i a n g l e is the longest , and also the broades t ; i t is convex i n the 
antero-pos ter ior d i r e c t i o n , and flat f r o m side to side. O n th i s 
surface the t ee th are i m p l a n t e d , and i n most species t h e y f o r m 
t w o r o w s : the outer one cons is t ing o f v e r y sma l l , t he i n n e r one 
o f l a rge , den ta l plates, w h i c h are set nea r ly t ransverse ly across 
the l o w e r surface o f the uppe r p h a r y n g e a l bones and t ee th , 
i n close appos i t ion , one b e h i n d the o t h e r : t h e i r i n t e r n a l angles 
are p roduced b e y o n d the m a r g i n o f the bone, and i n t e r l o c k w i t h 
those o f t h e a d j o i n i n g bone w h e n t h e pharyngea l s are i n 
t h e i r n a t u r a l p o s i t i o n ; the smal ler dent ic les o f the ou te r r o w 
are set i n the e x t e r n a l interspaces o f those o f the i n n e r r o w . 
T h e s ingle i n f e r i o r p h a r y n g e a l bone consists p r i n c i p a l l y o f an 
o b l o n g dent igerous p l a t e , 1 suppor ted b y a s t rong , s l i g h t l y c u r v e d , 
t ransverse , osseous bar , t he ex t r emi t i e s o f w h i c h expand i n t o t h i c k 
obtuse processes f o r the i m p l a n t a t i o n o f the t r i t u r a t i n g muscles. 
A l o n g i t u d i n a l r o w o f sma l l ova l t ee th a l t e r n a t i n g w i t h the 
l a rge l a m e l l i f o r m tee th , l i k e those o f the super ior pharyngea l s , 
bounds the dent igerous p la te o n each side ; t he i n t e rmed ia t e space 
is occupied e x c l u s i v e l y b y t h e l a r g e r wedge-shaped t ee th , set 
v e r t i c a l l y i n the bone, and a r ranged t ransverse ly i n a l te rna te and 
p r e t t y close-set series. 

T h e den ta l plates are developed i n w i d e and deep cavi t ies i n 
the substance o f the pos te r ior p a r t o f the l o w e r , a n d o f t h e ante
r i o r p a r t o f the u p p e r p h a r y n g e a l bones. T h e t e e t h e x h i b i t 
progressive stages o f f o r m a t i o n as t h e y approach those i n u s e ; and , 
as t h e i r f o r m a t i o n advances to c o m p l e t i o n t h e y become soldered 
toge the r b y oss i f ica t ion o f t h e i r respect ive capsules i n t o one c o m 
p o u n d t o o t h , w h i c h soon becomes anchylosed b y oss i f ica t ion o f t h e 
d e n t i n a l p u l p to the p h a r y n g e a l bone i t se l f . 

I n t h e den t ine o f the p h a r y n g e a l t e e t h o f the Scarus t h e 
d e n t i n a l tubes average a d iamete r o f 2 0 l 0 0

 0 1 > a n i n c h , a n d are 
separated b y interspaces equa l t o t w i c e t h e i r o w n d iameter . T h e 
course o f these tubes is s h o w n i n fig. 2 6 2 , d, i n w h i c h t h e y are 

1 V. pi. 51, fig. 3. 
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exposed b y a v e r t i c a l sect ion t h r o u g h the m i d d l e o f t w o o f 
the super ior dent icles . E a c h t u b e is m i n u t e l y u n d u l a t e d : 
i t dichotomises three or f o u r t imes near i t s t e r m i n a t i o n , sends 
o f f m a n y f ine l a t e r a l branches i n t o the clear u n i t i n g sub
stance, and finally te rminates i n a series o f m i n u t e cells and 
i noscu l a t i ng loops a t t he l i n e o f j u n c t i o n w i t h the enamel. 
T h i s substance, fig. 2 6 2 , e, is as t h i c k as t h e den t ine , and 
consists o f a s imi l a r c o m b i n a t i o n o f m i n u t e tubes and a clear 
connec t ing substance. T h e tubes m a y be descr ibed as com
m e n c i n g f r o m the pe r iphe ra l surface o f the t o o t h to w h i c h t hey 

Two of the upper pharyngeal teeth (Scants), magn. v. 

s tand at r i g h t angles, and, h a v i n g proceeded pa ra l l e l t o each o the r 
h a l f w a y towards the den t ine , t h e y t h e n b e g i n to d i v i d e and sub
d iv ide , the branches crossing each other o b l i q u e l y , a n d finally 
t e r m i n a t i n g i n the ce l lu la r b o u n d a r y b e t w e e n the enamel and 
dent ine . 

I n the progress o f a t t r i t i o n , the t h i n coat o f cement r e s u l t i n g 
f r o m the ossif icat ion o f the capsule is first r e m o v e d f r o m the apex 
o f the t oo th , t h e n the enamel c o n s t i t u t i n g t ha t apex, n e x t the 
dent ine , and , finally, t he coarse c e n t r a l c e l l u l a r bone, s u p p o r t i n g 
the h o l l o w t o o t h : and thus is p roduced a t r i t u r a t i n g surface o f 
f o u r substances o f d i f f e r e n t degrees o f dens i ty . T h e enamel 
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b e i n g the hardest e lement , appears i n the f o r m o f e l l i p t i c a l t rans
verse r idges , i nc lo s ing the dent ine and cen t ra l bone : and ex t e rna l 
t o the enamel is the cement, c, w h i c h b inds together the d i f f e r e n t 
dent ic les . 

T h e r e is a close analogy be tween the den ta l mass o f the Scarus 
a n d t h e compl i ca ted g r inders o f the E l e p h a n t , b o t h i n f o r m , 
s t r u c t u r e , and i n the r e p r o d u c t i o n o f the component denticles i n 
h o r i z o n t a l succession. B u t i n the f i s h the c o m p l e x i t y o f t h e 
t r i t u r a t i n g surface is greater t h a n i n the m a m m a l , since, f r o m the 
mode i n w h i c h the wedge-shaped denticles o f the Scarus are 
i m p l a n t e d u p o n , and anchylosed t o , the processes o f the support ing-
bone, th i s l i k e w i s e enters i n t o the f o r m a t i o n o f the mas t i ca to ry 
surface w h e n the t o o t h is w o r n d o w n to a ce r t a in po in t . 

T h e p r o o f o f the eff icacy o f the complex mas t i ca to ry apparatus 
above descr ibed is a f fo rded b y the contents o f the a l i m e n t a r y 
canal o f the Scar i . T h e intest ines are u sua l l y laden w i t h a c h a l k y 
p u l p , t o w h i c h the cora l d w e l l i n g s have been reduced. 

Developement.— A s m i g h t be supposed, b y the above-def ined 
v a r i e d and p r e d o m i n a t i n g vascular organisa t ion i n the t e e t h o f 
F ishes , and the passage f r o m non-vascular den t ine to vascular 
den t ine i n the same t o o t h , the developement o f dent ine b y c e n t r i 
pe t a l metamorphosis and ca lc i f i ca t ion o f the p u l p was d e t e r m i n e d 
b y observat ions made o n the developement o f the t e e t h i n the 
present class. 1 

I t is i n t e r e s t i n g to observe i n i t the process arrested a t each o f 
t h e w e l l - m a r k e d stages t h r o u g h w h i c h the developement o f a 
M a m m a l i a n t o o t h passes. I n a l l Fishes the first step is the s imple 
p r o d u c t i o n o f a so f t vascular p a p i l l a f r o m the f r ee surface o f t h e 
bucca l m e m b r a n e : i n Sharks and B a y s these papillae, fig. 3 8 2 , c, 
do n o t proceed to s ink i n t o the substance o f the g u m , b u t are 
covered b y caps o f an opposite f r ee f o l d o f the bucca l m e m b r a n e : 
these caps do n o t con t rac t any organic connec t ion w i t h the p a p i l l i -
f o r m m a t r i x , b u t , as t h i s is conve r t ed i n t o den ta l t issue, i b . b, t h e 
t o o t h is g r a d u a l l y w i t h d r a w n f r o m the extraneous p r o t e c t i n g cap, 
t o t ake i t s place a n d assume the erect pos i t i on on the m a r g i n o f 
the j a w , fig. 2 6 3 , a. H e r e , t he re fo re , is represented t h e first a n d 
t r a n s i t o r y * p a p i l l a r y ' stage o f den ta l deve lopement i n M a m m a l s : 
a n d the s imple crescentic ca r t i l ag inous m a x i l l a r y p la te , d, w i t h 
t h e open g roove b e h i n d c o n t a i n i n g the g e r m i n a l papillae o f t h e 
t e e t h , offers i n the S h a r k a m a g n i f i e d represen ta t ion o f the ear l ies t 
c o n d i t i o n o f the j a w s and t ee th i n the h u m a n e m b r y o . 

I n m a n y Fishes , e. g . Lophius, JEsox, t he d e n t a l papillae become 

1 LXXXIX. p. 784. 
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b u r i e d i n the membrane f r o m w h i c h t h e y r ise , and the surface 
t o w h i c h t h e i r basis is a t tached becomes the b o t t o m o f a 

closed sac: b u t th i s sac 
does n o t become inclosed i n 
t h e substance o f the j a w ; 
so t h a t t e e t h a t d i f f e r e n t 
stages o f g r o w t h are 
b r o u g h t a w a y w i t h the 
t h i c k a n d sof t g u m , w h e n 
i t is s t r i pped f r o m the 
j a w - b o n e . T h e final fixa
t i o n o f t e e t h , so f o r m e d , 
is ef fected b y t h e develope
m e n t o f l igamentous fibres 
i n the submucous t issue be
t w e e n t h e j a w a n d the base 
o f t he t o o t h , w h i c h fibres 
become the m e d i u m o f con
n e c t i o n b e t w e e n those parts , 
e i the r as elastic l igaments 
o r b y con t inuous ossifica
t i o n . H e r e , t he re fo re , is 
represented t h e e f o l l i c u l a r ' 
stage o f the developement 
o f a M a m m a l i a n t o o t h : 
b u t t h e ' e r u p t i v e ' stage 
takes place w i t h o u t p r e 

v ious inc losure o f the f o l l i c l e and m a t r i x i n the substance o f the 
j a w - b o n e . 

I n Balistes, Scarus, Sphyrcena, t h e Sparoids, a n d m a n y o ther 
Fishes , the f o r m a t i o n o f the t ee th presents a l l t h e u sua l stages 
w h i c h have been observed to succeed each o ther i n t h e d e n t i t i o n 
o f t he h ighe r Ver t eb ra t e s : the pap i l l a s inks i n t o a f o l l i c l e , becomes 
su r rounded b y a capsule, and is t h e n i n c l u d e d w i t h i n a closed 
alveolus o f the g r o w i n g j a w , figs. 259 , 2 6 1 , c, whe re t h e develope
m e n t o f the t o o t h takes place and is f o l l o w e d b y t h e u sua l e r u p t i v e 
stages. A d i s t i nc t enamel -pu lp is developed f r o m t h e i nne r 
surface o f the capsule i n Balistes, Scarus, Sargus, a n d Chryso-
phrys. 

I n the f o r m i d a b l e B a r r a c u d a (Sphyrcena) the loss o r f r a c t u r e o f 
t h e lancet-shaped t ee th , i n the conf l i c t w i t h a s t r u g g l i n g p r e y , is 
repa i red b y an u n i n t e r r u p t e d succession o f n e w p u l p s a n d t ee th . 
T h e existence o f these is i nd i ca t ed b y the f o r a m i n a , w h i c h are 
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s i tua ted i m m e d i a t e l y pos te r ior t o , or on the i n n e r m a r g i n of , t he 
sockets o f t h e t ee th i n place : these f o r a m i n a lead to a lveo l i o f 
reserve, i n w h i c h the c rowns o f the n e w tee th , i n d i f f e r e n t stages 
o f deve lopement , are loosely embedded. I t is i n th i s pos i t ion o f 
t h e germs o f the t e e t h t h a t the Sphyraenoid fishes, b o t h recen t 
a n d fos s i l , m a i n l y d i f f e r , as t o t h e i r den ta l characters, f r o m the rest 
o f t he Scombero id f a m i l y . 

I t is i n t e r e s t i n g t o observe t h a t the a l te rna te t ee th are, i n 
genera l , contemporaneously shed: so t h a t the m a x i l l a r y a rmour is 
t h u s preserved i n an e f fec t ive state. T h e r e l a t i ve pos i t ion o f 
the n e w t e e t h to t h e i r predecessors, and t h e i r i n f luence u p o n 
t h e m , resembles, i n the Sphyrcena, some o f the phenomena w h i c h 
w i l l be described i n the d e n t i t i o n o f the C r o c o d i l i a n Rep t i l e s . 
T o the Crocodi les the present voracious F i s h also approximates i n 
the a lveolar l odgemen t o f the t e e t h : b u t i t manifes ts i t s i c h t h y i c 
character i n t h e anchylosis o f the f u l l y - d e v e l o p e d t e e t h to t h e i r 
sockets, and s t i l l more s t r i k i n g l y i n the i n t i m a t e s t r u c t u r e o f t h e 
t ee th . 

I n a l l F ishes the t e e t h are shed and r enewed , n o t once o n l y , as 
i n M a m m a l s , b u t f r e q u e n t l y , d u r i n g the w h o l e course o f t h e i r 
l ives . T h e m a x i l l a r y den ta l plates o f Lepidosiren, t he c y l i n d r i c a l 
den ta l masses o f the Chimaeroid and E d a p h o d o n t Fishes , and t h e 
r o s t r a l t e e t h o f Pristis ( i f these m o d i f i e d d e r m a l spines m a y be so 
ca l l ed ) , are, perhaps, the sole examples o f ' p e r m a n e n t t e e t h ' t o 
be m e t w i t h i n the w h o l e class. 

W h e n the t ee th are developed i n a lveolar cavi t ies , t h e y are 
u s u a l l y succeeded b y others i n the v e r t i c a l d i r e c t i o n , as i n t h e 
p h a r y n g e a l bones o f the L a b r o i d s , fig. 2 6 1 : b u t sometimes 
t h e y f o l l o w one a f t e r , t he o the r , side b y side, as i n the Scaroids, 
fig. 2 5 9 , c. I n R e p t i l e s and M a m m a l s t h e successional t e e t h 
owe t h e o r i g i n o f t h e i r m a t r i x to t h e b u d d i n g o u t f r o m the cap
sule o f t h e i r predecessors o f a caecal process, i n w h i c h t h e 
p a p i l l a r y r u d i m e n t o f the d e n t i n a l p u l p is d e v e l o p e d ; b u t , i n 
t h e g r ea t m a j o r i t y o f F i shes , t h e germs o f t h e n e w t e e t h are 
developed , l i k e those o f the o l d , f r o m the f r e e surface o f t h e 
bucca l m e m b r a n e t h r o u g h o u t t h e en t i r e p e r i o d o f succession : 
a c i rcumstance pecu l i a r t o the present class. T h e A n g l e r , t h e 
P i k e , a n d mos t o f o u r c o m m o n Fishes , i l l u s t r a t e t h i s mode o f 
d e n t a l • r e p r o d u c t i o n ; i t is v e r y conspicuous i n the ca r t i l ag inous 
F i shes , figs. 263 a n d 264 , i n w h i c h the w h o l e p h a l a n x o f t h e i r 
n u m e r o u s t e e t h is ever m a r c h i n g s l o w l y f o r w a r d s i n r o t a t o r y 
progress over t h e a lveolar border o f the j a w , the t e e t h b e i n g 
successively cast o f f as t h e y reach the o u t e r m a r g i n , and n e w 
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teeth rising from the mucuous membrane behind the rear rank of 
t h e pha lanx . 

T h i s endless succession and decadence o f the t ee th , t oge the r 
w i t h the vast number s i n w h i c h t h e y o f t e n coexist i n the same 

F i s h , i l l u s t r a t e the l a w o f V e g e t a t i v e or I r r e l a t i v e R e p e t i t i o n , 1 as 
i t manifes ts i t s e l f on the first i n t r o d u c t i o n o f n e w organs i n the 
A n i m a l K i n g d o m , under w h i c h l i g h t w e m u s t v i e w the above-
described organised and ca lc i f ied p repa ra to ry i n s t r u m e n t s o f 
d iges t ion i n the lowes t class o f the ver tebra te series. 

A t the ex t reme l i m i t o f the class o f Fishes , a n d connecting; 
t h a t class w i t h the Rep t i l e s , stands the v e r y r emarkab l e genus, 
the den ta l system o f w h i c h is figured i n c u t 2 5 1 . T h i s consists 
o f t w o smal l , slender, conica l , sharp-pointed , and s l i g h t l y r e c u r v e d 
t ee th , w h i c h p r o j e c t d o w n w a r d f r o m the nasal bone, c, and o f 
s t rong t r enchan t den ta l plates, anchylosed w i t h t h e a lveolar border 
o f the upper , a, and l o w e r , b, j a w s , i n each o f w h i c h the p la te 
is d i v i d e d at the m i d d l e , or s y m p h y s i a l l i n e , so as t o f o r m t w o 
d i s t i nc t l a t e ra l t ee th . T h e off ice o f the t w o l a n i a r i f o r m tee th is 
t o pierce and r e t a i n the n u t r i t i v e substance or p r e y w h i c h is 

1 CCXLIX. 
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a f t e r w a r d s d i v i d e d and c o m m i n u t e d b y the s t rong m a x i l l a r y 
den ta l plates. 

§ 7 1 . Teeth of Reptiles.— I f w e compare the den ta l sys tem 
o f Lepidosiren w i t h t h a t i n Ba t r ach i a , i t is t o the l a r v a l state 
o f t h e A n o u r a n s t h a t an ana logy m a y be f o u n d : the tadpole o f 
t h e F r o g h a v i n g i t s m a x i l l a and m a n d i b u l a each sheathed w i t h a 
con t inuous h o r n y t r enchan t cove r ing . W e r e th i s sheath a c t u a l l y 
d e n t i n a l i n tissue and u n i t e d to the j a w - b o n e , the resemblance to 
t h e Lepidosiren w o u l d be c lose r : b u t i t is never ca lc ined, and is 
shed d u r i n g the progress o f the metamorphos is . 1 T h e S i r en 
alone, among the perennibranchia tes , re tains the sheath u p o n 
the e x t r e m i t y o f the uppe r a n d l o w e r j a w s ; i t consists o f a firm 
a lbuminous t issue, and becomes harder t h a n h o r n . B u t these 
t r enchan t mandibles , w h i c h p l a y u p o n one another l i k e the blades 
o f a pa i r o f c u r v e d scissors, are associated w i t h numerous sma l l 
b u t d i s t i n c t t r u e t ee th , w h i c h are g r o u p e d toge ther t o f o r m a 
rasp- l ike surface on each h a l f o f the d i v i d e d vomer , and w h i c h 
beset the a lveolar bo rde r o f the sp len ia l e lement o f the m a n d i b l e 
b e l o w . 

T h e w h o l e order o f Che lon ia is edentulous , as w e l l as the f a m i l y 
o f Toads (BufonidcB) i n the order B a t r a c h i a ; ce r t a in e x t i n c t 
genera o f Saurians were l i k e w i s e edentulous , e. g . Rhynchosaurus 
a n d Oudenodon.2 

I n the Tor to ises and T u r t l e s the j a w s are covered b y a sheath 
o f h o r n , w h i c h i n some species is v e r y dense ; i t s w o r k i n g surface 
is t r e n c h a n t i n the ca rn ivorous species, b u t is t h i c k , v a r i o u s l y 
s c u l p t u r e d , a n d adapted f o r b o t h c u t t i n g and b r u i s i n g i n the 
vegetable feeders. T h e deve lopement o f the con t inuous h o r n y 
m a x i l l a r y sheath commences, as i n the P a r r o t t r i b e , f r o m a 
series o f d i s t i n c t papillae, w h i c h s i nk i n t o a lveolar cavi t ies , 
r e g u l a r l y a r ranged ( i n Trionyx) a long the m a r g i n s o f t h e u p p e r 
and l o w e r j a w - b o n e s : these a l v e o l i are i n d i c a t e d b y t h e persis t 
ence o f vascular canals l o n g a f t e r the o r i g i n a l l y separate t o o t h 
l i k e cones have become c o n f l u e n t , and t h e h o r n y sheath c o m 

ple ted . 
T h e t e e t h o f the den t ige rous Saur i an , O p h i d i a n , a n d B a t r a c h i a n 

R e p t i l e s are, f o r t h e mos t pa r t , s imple a n d adapted f o r se iz ing 
a n d h o l d i n g , b u t n o t f o r d i v i d i n g or m a s t i c a t i n g , t h e i r f o o d . T h e 
S i r e n alone combines t r u e t ee th w i t h a h o r n y m a x i l l a r y t r e n c h a n t 
sheath, l i k e t h a t o f t h e C h e l o n i a n R e p t i l e s . 

1 The large dental plates of Lepidosiren have their nearest homologues in those of 
the extinct fish called Ceratodus (v. pi. 22, fig. 2). 

2 ccxxin . p. 54, pi. I . fig. 1. 
VOL. I . C C 



386 ANATOMY OF VERTEBRATES. 

W i t h respect t o number, i n no e x i s t i n g R e p t i l e are the tee th 
reduced so l o w as i n ce r t a in M a m m a l s and F i s h e s ; nor , on the 
o ther hand , are t h e y ever so m u l t i p l i e d as i n m a n y o f the l a t t e r 
class. Myobatrachus paradoxus, an A u s t r a l i a n F r o g , has b u t t w o 
t ee th i n the p r e m a x i l l a r y bones. T h e e x t i n c t D i c y n o d o n t Rep t i l e s 
o f S o u t h A f r i c a had t w o l o n g tusks i m p l a n t e d i n the uppe r j a w , 
fig. 2 7 1 . 1 Some species o f Amphisbcena (A. alba), w i t h fifteen 
t e e t h i n the uppe r j a w and f o u r t e e n i n the l o w e r j a w , and cer ta in 
M o n i t o r s ( Varanus), w i t h s ix teen t ee th i n the uppe r and f o u r t e e n 
i n the l o w e r j a w e x e m p l i f y a l o w n u m b e r o f t e e t h amongst 
e x i s t i n g R e p t i l e s ; and ce r t a in Ba t rach ians , w i t h t e e t h ' en cardes ' 
a t the r o o f o f the m o u t h , or w h i c h have u p w a r d s o f e i g h t y t ee th 
i n each l a t e ra l m a x i l l a r y series, present the opposite ex t reme . 
R a r e l y , howeve r , is the n u m b e r o f the t e e t h so fixed and 
de te rmina te i n any R e p t i l e as t o be character is t ic o f t h e 
species, and s t i l l more r a r e l y have the i n d i v i d u a l t ee th such cha
racters as to be de te rmined homolog ica l l y f r o m one species to 
another . 

W i t h respect t o situation, the t ee th m a y be present o n the j a w s 
o n l y , i . e. the m a x i l l a r y , the p r e m a x i l l a r y , and m a n d i b u l a r bones, 
as i n the Crocodi les , fig. 95 , and m a n y L i z a r d s : or u p o n the j a w s 
and r o o f o f the m o u t h : and here e i ther u p o n the p t e r y g o i d bones, 
as i n the I g u a n a , fig. 98 , D , 24, and M o s a s a u r ; or u p o n b o t h 
pa la t ine and p t e r y g o i d bones, as i n mos t Serpents , fig. 266 , 20, 24; 
or u p o n the vomer , as i n most Ba t rach ians , fig. 265 , 1; o r u p o n b o t h 
vomer ine and p t e r y g o i d bones, as i n the A x o l o t l ; o r u p o n the 
vomer ine and sphenoid bones, as i n Salamandra glutinosa. W i t h 
respect t o the m a r g i n a l or j a w tee th , these m a y be absent i n the 
p r e m a x i l l a r y bones, as i n m a n y Serpents , fig. 2 6 6 , 22: o r t h e y 
m a y be present i n the uppe r and n o t i n the l o w e r j a w , as i n most 
F r o g s : or i n b o t h uppe r and l o w e r j a w s , as i n the t a i l ed 
B a t r a c h i a n s : and among these t h e y m a y be suppor ted , u p o n the 
l o w e r j a w , b y the p r emand ibu l a r or den t a ry piece, as i n the 
Salamanders, M e n o p o m e , A m p h i u m e , P r o t e u s : or u p o n t h e 
splenia l piece, as i n the S i r e n : or u p o n b o t h sp lenia l a n d p r e 
m a n d i b u l a r bones, as i n the A x o l o t l . T h e pa la t ine and p t e r y g o i d 
t ee th m a y , i n the Ba t rach ians , be a r ranged i n several r o w s , l i k e 
t h e « dents en cardes ' o f Fishes . T h e sphenoid and sp len ia l t ee th 
are a lways so a r ranged i n the f e w species t h a t possess t h e m . T h e 
i n t e r m a x i l l a r y , m a x i l l a r y , and p r e m a n d i b u l a r t e e t h are un i se r i a l , 
or i n one r o w , w i t h the excep t ion o f t h e Caecilia a n d the e x t i n c t 

1 CLVIII . vol. vii. p. 59. 
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L a b y r i n t h o d o n t s , w h i c h have a double r o w o f t ee th a t the an te r io r 
p a r t o f the l o w e r j a w . 

T h e t e e t h o f Rep t i l e s , w i t h f e w except ions , present a s imple 
conica l form, w i t h the c r o w n more or less c u r v e d , and the apex 
more or less acute. T h e cone varies i n l e n g t h and t h i c k n e s s ; i t s 
t ransverse sect ion is sometimes c i r cu l a r , b u t more c o m m o n l y 
e l l i p t i c a l or o v a l : and th i s m o d i f i c a t i o n o f the cone m a y be t r aced 
t h r o u g h eve ry g rada t ion , f r o m the t h i c k , r o u n d , can ine- l ike t o o t h 
o f t h e Crocod i l e t o t h e sabre-shaped f a n g o f the V a r a n u s , the 
Mega losaur , and the Clade iodon . 1 Somet imes, as i n t h e f u l l y 
f o r m e d t e e t h o f the Mega losaur , one o f t h e m a r g i n s o f t h e c o m 
pressed c r o w n o f t h e t o o t h is t r e n c h a n t , sometimes b o t h are s o ; 
a n d these m a y be s i m p l y sharp-edged, as i n the V a r a n u s o f T i m o r , 
or finely serrated, as i n the g rea t V a r a n u s , the Clade iodon , and 
the Mega losau r . 2 

T h e outer surface o f the c r o w n o f t h e t o o t h is u s u a l l y s m o o t h ; 
i t m a y be pol i shed , as i n the L e i o d o n , or impressed w i t h fine 
l ines , as i n the L a b y r i n t h o d o n , fig. 243 , or raised i n t o m a n y 
n a r r o w r idges , as i n the P le iosaur and P o l y p t y c h o d o n , o r 
b r o k e n b y a f e w b r o a d r idges , as i n t h e I g u a n o d o n , fig. 2 7 3 , o r 
g rooved b y a s ingle l o n g i t u d i n a l f u r r o w , as i n some Serpents , 
fig. 269 , c . 3 

T h e cone is longest a n d i t s s u m m i t sharpest i n t h e Se rpen t s : 
f r o m these m a y be t raced , c h i e f l y i n the L i z a r d t r i b e , a p r o 
gressive sho r t en ing , expans ion o f t h e base, and b l u n t i n g o f 
t h e apex o f the t o o t h , u n t i l t h e cone is r educed t o a h e m i 
spher ica l t u b e r c l e , or p l a t e , as i n Cyclodus, fig. 2 7 2 , and , i n a more 
r e m a r k a b l e degree, i n t h e e x t i n c t she l l f i sh -ea t ing Sau r i an , ca l led 
Placodus.4 

I n t h e P le iosaur the den ta l cone is three-s ided, w i t h one o f the 
angles r o u n d e d off . T h e pos ter ior subcompressed t e e t h o f t h e 
A l l i g a t o r , fig. 275 , present a n e w m o d i f i c a t i o n o f f o r m ; here t h e y 
t e r m i n a t e i n a m a m m i l l a t e s u m m i t , suppor t ed b y a s l i g h t l y c o n 
s t r i c t e d neck. I n t h e t o o t h o f t h e Hylaeosaur t h e expanded 
s u m m i t is flattened, ben t , a n d spear-shaped, w i t h the edges 
b l u n t e d . B u t t h e expans ion o f t h e c r o w n is greatest i n t h e 
subcompressed t e e t h o f t h e e x t i n c t Cardiodon and t h e e x i s t i n g 
I g u a n a s , t h e t e e t h o f w h i c h are f a r t h e r compl i ca ted b y h a v i n g 
t h e m a r g i n s no tched . T h e g rea t I g u a n o d o n h a d t h e c r o w n o f 
t h e t o o t h expanded b o t h i n l e n g t h a n d b r e a d t h , and c o m b i n i n g 

1 v. pi. 62 A, fig. 4. 
2 Ib. fig. 6 c. 

3 Ib. pi. 65. CCL. vol. iv. figs. 209, 210. 
4 CXLin. p. 169. 
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m a r g i n a l denta t ions w i t h l o n g i t u d i n a l r i d g e s : th i s t o o t h , fig. 273 , 
presents the most compl ica ted e x t e r n a l f o r m as y e t discovered i n 
the class o f Rep t i l e s . 

I n no R e p t i l e does the base o f the t o o t h ever b r a n c h i n t o fangs . 
Attachment. — A s a genera l r u l e , t he t ee th o f R e p t i l e s are 

anchylosed to the bone w h i c h supports t h e m . W h e n t h e y con
t i n u e d i s t i nc t , t h e y m a y be l odged e i ther i n a cont inuous groove , 
as i n the I c h t h y o s a u r , 1 or i n separate sockets, as i n the Plesiosaur 
a n d Crocodi l i ans , fig. 275 . T h e base o f the t o o t h is anchylosed 
to the w a l l o f a modera te ly deep socket i n the e x t i n c t Mega losaur 
a n d Thecodon . I n the L a b y r i n t h o d o n t s and Caeciliae, among the 
Ba t rach ians , i n most Oph id ians , and i n t h e Geckos , A g a m i a n s , 
a n d Varan ians , among the Saurians , t h e base o f the t o o t h is 
imbedded i n a shal low socket, and is con f luen t t h e r e w i t h . 

I n the Scincoids, t he Safeguards ( Tejus), i n mos t I g u a n i a n s , i n 
the Chameleons and m a n y L a c e r t i a n rep t i l es , t h e t o o t h is anchy 
losed b y an ob l ique surface e x t e n d i n g f r o m t h e base m o r e or less 
u p o n the outer side o f the c r o w n t o an e x t e r n a l a lveolar p la te o f 
bone , 2 the i n n e r a lveolar p la te n o t b e i n g developed. I n the F r o g s 
the t e e t h are s i m i l a r l y b u t less firmly a t tached t o an ex t e rna l 
parapet o f bone. T h e L i z a r d s w h i c h have t h e i r t e e t h thus 
a t tached to the side o f the j a w are t e r m e d e P l eu rodon t s . ' I n a 
f e w I g u a n i a n s , as the I s t i u r e s and Rhynchocepha lus , t he t e e t h are 
soldered t o the marg ins o f the j a w s ; a n d i n some la rge e x t i n c t 
L a c e r t i a n s , e. g . the Mosasaur and L e i o d o n , each t o o t h is fixed 
u p o n a conical process o f t h e a lveolar b o r d e r : these Saur i a are 
t e r m e d (Acrodonts.' 

Such modi f ica t ions o f the a t t achment o f t h e t e e t h o f Rep t i l e s 
are adapted to the habi ts and f o o d o f t h e species; a n d t h e y l i k e w i s e 
of fe r an analogy to some o f the t r a n s i t o r y condi t ions o f t h e h u m a n 
tee th . T h e r e is a pe r iod , f o r example , w h e n the p r i m i t i v e d e n t a l 
papilla? are n o t defended b y e i ther an ou t e r or an i n n e r a lveolar 
process, any more t h a n t h e i r ca lc i f i ed homologues , w h i c h are c o n 
fluent w i t h the m a r g i n o f the j a w i n the R h y n c h o c e p h a l u s . 3 

T h e r e is another stage i n w h i c h the groove c o n t a i n i n g the d e n t a l 
germs is defended b y a s ing le e x t e r n a l ca r t i l ag inous a lveolar 
r i d g e ; th i s c o n d i t i o n is p e r m a n e n t l y t y p i f i e d i n t h e Cyclodus, 
fig. 272 , and most e x i s t i n g L i z a r d s . N e x t there is deve loped i n 
the h u m a n e m b r y o an i n t e r n a l a lveo la r p la t e , and t h e sacs and 
pu lps o f t h e t ee th s ink i n t o a deep b u t con t i nuous g roove , i n 
w h i c h traces o f t ransverse p a r t i t i o n s soon m a k e t h e i r appear-

1 v. pi. 13, fig. 9. 2 v . pi. 67. 
3 CLVII I . pt. 2, pi. 6 ; figs. 5 & 6, p. 83. 
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ance ; i n the ancient I c h t h y o s a u r the r e l a t i o n o f the j a w s to 
t h e t e e t h never advanced b e y o n d th i s stage. F i n a l l y , the den ta l 
g roove is d i v i d e d b y comple te pa r t i t i ons , and a separate socket is 
f o r m e d f o r each t o o t h ; and th is stage o f developement is a t t a ined 
i n the h ighes t -organised Rep t i l e s , e. g . the Crocodi les , figs. 95 , 
275 . 

Substance.— T h i s m a y be f o u r - f o l d , and a s ingle t o o t h m a y be 
composed o f den t ine , cement , enamel , and bone : b u t the den t ine 
a n d cement are present i n the t ee th o f a l l Rep t i l e s . 

I n the Bat rach ians and Ophid ians a t h i n l aye r o f cement 
invests the cen t r a l b o d y o f den t ine , and , as usua l , f o l l o w s a n y 
in f lec t ions or sinuosit ies t h a t m a y characterise i t s surface. B e 
sides the outer coat o f cement , w h i c h is t h i ckes t a t t he base, a 
g e n e r a l l y t h i n coat o f enamel defends the c r o w n o f the t o o t h i n 
most Saurians , and the last remains o f the p u l p are n o t u n f r e -
q u e n t l y conver t ed i n t o a coarse bone, b o t h i n the t ee th w h i c h 
are anchylosed to the j a w , and i n some t ee th , as those o f t h e 
I c h t h y o s a u r , w h i c h r e m a i n f r ee . T h e m o d i f i c a t i o n ca l led c vaso-
den t ine ' is pecu l ia r i n the present class to t h e t ee th o f the 
I g u a n o d o n . 1 

Structure. — T h e var ie t ies o f den ta l s t r uc tu r e are f e w i n the 
R e p t i l e s as compared w i t h Fishes or M a m m a l s , and i t s mos t c o m 
p l i c a t ed c o n d i t i o n arises f r o m i n t e r b l e n d i n g o f the d e n t i n a l a n d 
o ther substances ra the r t h a n f r o m modi f i ca t ions o f the tissues 
themselves. I n the t ee th o f most Rep t i l e s t h e i n t i m a t e s t r u c t u r e 
o f the den t ine is o f the h a r d or unvascu la r k i n d , p resen t ing o n l y 
p lasmat ic or d e n t i n a l tubes , d i v e r g i n g f r o m the p u l p c a v i t y , a t 
r i g h t angles to the e x t e r n a l surface o f the t o o t h . Such den t ine 
m a y be f o l d e d i n w a r d l y u p o n i t se l f , so as t o p roduce a deep l o n g i 
t u d i n a l i n d e n t a t i o n on one side o f the t o o t h ; i t is t he expansion o f 
the b o t t o m o f such a l o n g i t u d i n a l deep f o l d t h a t f o r m s t h e c e n t r a l 
canal o f the v e n o m - f a n g o f the S e r p e n t : b u t i t s s t r u c t u r e remains 
u n a l t e r e d ; a n d a l t h o u g h the p u l p - c a v i t y , fig. 270 , p, is r educed 
t o the f o r m o f a crescentic fissure, t he d e n t i n a l tubes con t inue to 
radia te f r o m i t acco rd ing to t h e usua l l a w . B y a s imi l a r i n f l e c t i o n 
o f m a n y v e r t i c a l l o n g i t u d i n a l fo lds o f the cement a n d e x t e r n a l 
surface o f the t o o t h a t r e g u l a r i n t e r v a l s a r o u n d the en t i re c i r 
cumfe rence o f the t o o t h , and b y a co r respond ing ex tens ion o f 
r ad i a t ed processes o f the p u l p - c a v i t y and den t ine i n t o the i n t e r 
spaces o f such i n f l e c t ed and c o n v e r g i n g fo lds , a m o d i f i c a t i o n o f 
d e n t a l s t r u c t u r e i s established i n c e r t a i n e x t i n c t R e p t i l e s , w h i c h , 

1 v. pi. 71, Iguanodon. 
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b y the var ious sinuosities o f the i n t e r b l e n d e d fo lds o f cement and 
processes o f den t ine , w i t h the p a r t i a l d i la ta t ions o f t h e radia ted 
p u l p - c a v i t y , produces the compl ica ted s t r u c t u r e w h i c h is described 
at p . 365 , and figured i n c u t 244 . 

Developement.—The t e e t h o f R e p t i l e s are never comple ted at the 
first or p a p i l l a r y stage ; the p u l p 
s inks i n t o a f o l l i c l e , and becomes 
inclosed b y a capsu le ; and i n 
ce r t a in rep t i l es t h i s becomes 

'more or less su r rounded b y bone ; 
b u t the e e r u p t i v e ' stage, i n the 
sense i n w h i c h th i s is u s u a l l y 
unders tood, as s i g n i f y i n g the ex
t r i c a t i o n o f the y o u n g t o o t h f r o m 
a closed a lveolus , is n o t exem
p l i f i e d i n recen t R e p t i l e s , and 
was rare i n e x t i n c t ones. 1 

T h e c o m p l e t i o n o f a t o o t h , 
w i t h t h e excep t ion o f t h e D i c y -
nodon t R e p t i l e s , is soon f o l 
l o w e d b y p repa ra t i on f o r i t s 

r emova l and succession; the f a c u l t y o f d e v e l o p i n g n e w t o o t h -
germs seems to be u n l i m i t e d i n the present class, and the phe
nomena o f den ta l decadence and rep lacement are mani fes ted at 
every pe r iod o f l i f e ; the n u m b e r o f t ee th is gene ra l ly t h e same i n 
each successive series, and the d i f fe rence o f size presented b y the 
t e e t h o f d i f f e r e n t and d i s tan t series i n the same i n d i v i d u a l is 
considerable. 

T h e n e w g e r m is a lways developed, i n the first ins tance , at 
the side o f the base o f the o l d t o o t h , never i n t h e c a v i t y 
o f t he base; the crocodiles f o r m no excep t ion t o th i s r u l e . 
T h e poison-fangs o f serpents succeed each o the r f r o m b e h i n d 
f o r w a r d s ; i n a lmost eve ry o ther instance the g e r m o f t h e succes-
sional t o o t h is developed at the i n n e r side o f t h e base o f i t s 
predecessor. I n the F r o g the den ta l g e r m makes i t s appear
ance i n t h e f o r m o f a p a p i l l a developed f r o m the b o t t o m a n d 
towards the outer side o f a sma l l fissure i n the mucous membrane 
or g u m t h a t fills u p the sha l low groove at t he i n n e r side o f the 
alveolar parapet and i t s adherent t e e t h : the p a p i l l a is soon 
enveloped b y a capsular process o f the s u r r o u n d i n g membrane . 
A s the t o o t h acquires hardness and size, i t presses against the 

1 CXLIII. p. 178, pi. ix., fig. 4, a'. 
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base o f the cont iguous a t tached t o o t h , causes a progressive 
absorp t ion o f t h a t pa r t , and finally undermines , displaces, a n d 
replaces i t s predecessor. T h e n u m b e r o f nascent matr ices o f t h e 
successional t ee th is so grea t i n the F r o g , and t h e y are c rowded so 
close toge ther , t h a t i t is n o t unusua l t o find the capsules o f con
t i g u o u s too th -germs becoming adherent together , as t h e i r oss i f i 
ca t ion proceeds. A f t e r a b r i e f macera t ion , the sof t g u m m a y be 
s t r i p p e d f r o m t h e shal low alveolar depression, and the y o u n g e r 
too th -ge rms i n d i f f e r e n t stages o f g r o w t h are b r o u g h t a w a y 
w i t h i t . 

T h e mode o f deve lopment o f the t ee th o f serpents does n o t 
d i f f e r essent ial ly f r o m t h a t o f the t ee th o f the B a t r a c h i a n above 
described, except i n t h e r e l a t i o n o f the papillae o f t h e suc
cessional poison-fangs t o the b r a n c h o f the poison-duct t h a t 
traverses the c a v i t y o f t h e loose mucous g u m i n w h i c h t h e y are 
developed. 

Some o f t h e pecu l ia r i t i es o f the d e n t i t i o n o f the Ba t r ach ians 
have -already been no t i ced , as i n the compar ison o f the Siren 
w i t h the Lepidosiren, i n w h i c h the t r u e a m p h i b i a n was s h o w n 
t o have numerous t e e t h o n the palate a n d l o w e r j a w . 1 T h e 
pisc ine character o f r a sp - l ike t e e t h aggrega ted i n numerous 
series, is man i f e s t ed also i n t h e A x o l o t l , 2 u p o n t h e pa l a t a l r e g i o n 
o f t he m o u t h , and u p o n t h e sp lenia l or opercular e lement o f the 
l o w e r j a w ; b u t the super ior m a x i l l a r y bones are here developed, 
and also suppor t t ee th . T h e p r e m a n d i b u l a r and the p r e m a x i l l a r y 
bones, ins tead o f p r e s e r v i n g the l a r v a l c o n d i t i o n o f the h o r n y 
sheath, have t h e i r a lveolar border a rmed w i t h a s ingle r o w o f 
sma l l , equa l , fine and sharp-po in ted dent ic les , w h i c h are c o n t i n u e d 
above, a long t h e m a x i l l a r i e s ; t h u s es tab l i sh ing t h e commence
m e n t o f the o r d i n a r y B a t r a c h i a n c o n d i t i o n o f t h e m a r g i n a l t e e t h 
o f t he bucca l c a v i t y . T h e dent igerous bones o f the pala te consist 
o f t w o plates o n each side, as i n the S i r e n ; the an t e r io r pa i r , o r 
vomer ine bones, converge and meet a t t h e i r an te r io r e x t r e m i t i e s ; 
t he m i n u t e dent ic les w h i c h t h e y suppor t are a r ranged q u i n c u n -
c i a l l y ; t h e pos te r ior pa i r o f bones are c o n t i n u e d backwards 
accord ing to the usua l d i spos i t ion o f the p t e r y g o i d s , t o a b u t 
against t h e t y m p a n i c bones ; the dent ic les are con f ined t o t h e 
a n t e r i o r p a r t o f t h e i r o r a l surface, a n d resemble i n t h e i r a r range
m e n t a n d anchylosed a t t achment those o f the v o m e r i n e series, o f 
w h i c h t h e y f o r m the pos ter ior t e r m i n a t i o n . 

I n t h e M e n o p o m e , fig. 265 , t h e t e e t h are s m a l l , p o i n t e d , i n a 

1 v. pi. 62, figs. 5 & 6. 2 Ib. pi. 62, fig. 4. 
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s ingle r o w , i n each bone ; desc r ib ing a semici rc le , u p o n the pre
m a x i l l a r y , k, and m a x i l l a r y , x, bones : a shorter pa ra l l e l series is 
suppor ted o n t h e v o m e r i n e bones, Z.1 T h e m a n d i b u l a r series is 
rece ived i n t o t h e interspace o f the t w o r o w s i n the uppe r j a w . 

T h e F r o g s (Rana)2 have no t e e t h o n the l o w e r j a w ; b u t i n 
some species the a lveolar edge o f t h i s bone is finely no tched or 
den ta ted , as i n the h o r n e d F r o g s ( Ceratophrys). Dactylethra has 
m a x i l l a r y t e e t h o n l y ; Myobatrachus has b u t t w o h o r i z o n t a l p r e 
m a x i l l a r y t ee th . B o t h p r e m a x i l l a r y and m a x i l l a r y bones usua l ly 
suppor t a l o n g , close-set, s ingle series o f sma l l , con ica l , h o l l o w 
t ee th , o f w h i c h the apices o n l y p r o j e c t b e y o n d the e x t e r n a l alveo
l a r r i d g e t o w h i c h t h e y are at tached. A shor t t ransverse r o w o f 
s imi l a r b u t smal ler t ee th extends a long the pos ter ior border o f each 
vomer . O t h e r disposit ions o f the vomer ine t e e t h he lp t o charac
terise the genera o f Ranidce, i n a f e w o f w h i c h t h e y are w a n t i n g ; 
as, e.g., i n Uperoleia, i n the s lender-armed F r o g s {Leptobrachiurn), 
i n Oxyglossus, and i n some o f the T r e e F r o g s (e .g . Eucnemis), i n 
w h i c h the r o o f o f the m o u t h is edentulous. 

A m o n g s t the most e x t r a o r d i n a r y examples o f e x t i n c t rept i les 
are those w h i c h are characterised b y the l a b y r i n t h i c m o d i f i c a t i o n 
o f the den ta l s t r uc tu r e above described, and w h i c h , w i t h some 
af i in i t i es t o Saurians, combine characters w h i c h are essential ly 
those o f the order Ba t r ach i a . I n Labyrinthodon leptoynathus, the 
uppe r j a w contains a s ingle r o w o f sma l l t ee th , about s i x t y i n 
n u m b e r , an te r io r t o w h i c h are th ree or f o u r l a rge conica l tusks . 
T h e apical t w o th i rd s o f each t o o t h is smooth , b u t the basal t h i r d is 
fluted and anchylosed to the ou te r w a l l o f the socket. T h e osseous 
r o o f o f the m o u t h is p r i n c i p a l l y composed o f a p a i r o f b r o a d and 
flat bones, homologous w i t h the d i v i d e d vomer i n B a t r a c h i a , b u t o f 
m u c h greater r e l a t i ve ex ten t . E a c h bone supports a n t e r i o r l y th ree 
med ian smal l t e e t h and t w o ou te r l a rge r ones, f r o m w h i c h a l o n s i -
t u d i n a l r o w o f smal l and equal-sized t e e t h is c o n t i n u e d b a c k w a r d 
a long the ex te r io r m a r g i n o f the vomer . T h e w h o l e o f t h i s series 
o f vomer ine t e e t h is nea r ly concent r ic w i t h t h e m a x i l l a r y t ee th . 

I n L a c e r t i n e rept i les the examples o f a r o w o f pa la ta l t e e t h are 
ra re , and , w h e n present , i t is shor t , and s i tua ted u p o n t h e p t e r y 
go id bones, as i n the I g u a n a and Mosasaur. I n Ba t rach ians t h e 
most common dispos i t ion o f the pa la ta l t e e t h is a t ransverse r o w 
placed at the an te r ior p a r t o f the d i v i d e d vomer , as i n F r o g s , a n d the 
Menopome . I n the A m p h i u m e , the vomer ine t e e t h f o r m a n e a r l y 
l o n g i t u d i n a l series a long the ou te r m a r g i n o f the pa la t ine bones. 

1 v. pi. 62, fig. 10. 2 Ib. pi. 62, fig. 10. 
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T h e Labyrinthodon combines b o t h these disposit ions o f the pa la ta l 
t ee th . T h e l o w e r j a w , l i k e the upper , contains a series o f smal l 
t e e th , w i t h a f e w l a rge r tusks an te r io r t o t h e m . T h e sockets o f 
the t e e t h are shal lower t h a n i n the upper j a w ; the outer w a l l is 
more developed t h a n the i nne r , and the anchylosed bases o f the 
t e e t h more n e a r l y resemble, i n t h e i r ob l ique pos i t ion , those o f 
e x i s t i n g Ba t r ach ia . B e t w e e n the apex and the p a r t whe re t h e 
i n f l e c t e d v e r t i c a l fo lds o f the cement commence, the t o o t h o f the 
Labyrinthodon resembles, i n the s i m p l i c i t y o f i t s i n t i m a t e s t ruc 
t u r e , t h a t o f the en t i re t o o t h o f o r d i n a r y B a t r a c h i a and mos? 
rep t i l es ; and i n the l o w e r or basal h a l f o f the t o o t h the l a b y r i n t h i c 
s t r u c t u r e above described commences, and g r a d u a l l y increases i n 
c o m p l e x i t y . 

I n the genus Deirodon,1 the t ee th o f the o r d i n a r y bones o f the 
m o u t h are so smal l as to be scarcely percep t ib le ; and t h e y appear 
to be soon lost . A n acquaintance w i t h the habi ts and f o o d o f th i s 
species has shown h o w a d m i r a b l y th i s apparent defec t is adapted 
t o i t s w e l l - b e i n g . I t s business is t o r e s t r a in the undue increase o f 
the smal ler b i rds b y d e v o u r i n g t h e i r eggs. N o w i f the t ee th h a d 
exis ted o f the o r d i n a r y f o r m and p ropor t ions i n the m a x i l l a r y a n d 
pa la ta l regions , t he egg w o u l d have been b r o k e n as soon as i t was 
seized, and m u c h o f the n u t r i t i o u s contents w o u l d have escaped 
f r o m t h e l ipless m o u t h o f the snake i n the act o f d e g l u t i t i o n ; b u t , 
o w i n g t o the a lmost edentulous state o f the j a w s , the egg gl ides 
a long the expanded open ing u n b r o k e n ; and i t is n o t u n t i l i t has 
reached the g u l l e t , a n d the closed m o u t h prevents any escape o f 
the n u t r i t i o u s m a t t e r , t h a t t h e egg becomes exposed t o i n s t r u 
ments adapted f o r i t s p e r f o r a t i o n . These i n s t r u m e n t s consist o f 
the hypapophyses o f the seven or e i g h t pos ter ior c e rv i ca l vertebra?, 
t h e ex t r emi t i e s o f w h i c h are capped b y a l a y e r o f h a r d cement , 
a n d penetra te the dorsal parietes o f the oesophagus. 2 T h e y m a y 
be r e a d i l y seen, even i n v e r y smal l subjects , i n the i n t e r i o r o f t h a t 
t u b e , i n w h i c h t h e i r po in t s are d i r ec t ed backwards . T h e she l l 
b e i n g sawed open l o n g i t u d i n a l l y b y these v e r t e b r a l t e e t h , t he 
egg is c rushed b y t h e cont rac t ions o f the g u l l e t , and is ca r r i ed t o 
the s tomach, w h e r e t h e she l l is no d o u b t soon dissolved b y t h e 
ac id gas t r ic j u i c e . 

I n the B o a and P y t h o n s , fig. 266 , t h e t e e t h are slender, con ica l , 
b e n t b a c k w a r d a n d i n w a r d above t h e i r base o f a t t achment . T h e 
p r e m a x i l l a r y bone i n some, i b . 22, is e d e n t u l o u s ; i n mos t i t 
suppor ts f o u r sma l l t e e t h ; each m a x i l l a r y bone , i b . 21, has a r o w 

1 The Coluber scaber of Linnasus ; an arboreal serpent of South Africa. 
2 Jourdan, in CCXLII. t. vi. p. 160. 
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o f l a rger ones, w h i c h g r a d u a l l y decrease i n size as t h e y are placed 
f u r t h e r back. T h e r e are t e e t h o f s imi l a r size and p ropor t ions i n 
each p r e m a n d i b u l a r bone. These t ee th are separated b y i n t e rva l s , 

f r o m w h i c h o ther t ee th , s imi l a r t o those i n place, have been 
detached. T h e base o f each is anchylosed to a sha l low alveolus , 
e x t e n d i n g o b l i q u e l y across the a lveolar g roove , o f w h i c h the ou te r 
is h ighe r t h a n the i n n e r w a l l . 

T h e pala t ine t ee th , i b . 20, are as l a rge as the m a x i l l a r y , and 
are s i m i l a r l y at tached. T h e 
p t e r y g o i d t e e t h , i b . 24, 
w h i c h comple te t h e i n t e r 
n a l den ta l series o n the 
r o o f o f the m o u t h , are o f 
smal ler size, a n d g r a d u a l l y 
d i m i n i s h as t h e y recede 
b a c k w a r d . I n t h e i n t e r 
spaces o f the fixed t ee th 
i n b o t h o f these bones, t he 
places o f a t t achmen t o f the 
shed t ee th are a lways v i s i 
b le ; so t h a t the d e n t a l f o r 
m u l a , i f i t i n c l u d e d the 
vacated w i t h the occupied 
sockets, w o u l d express a 
grea ter n u m b e r o f t ee th 
t h a n are ever i n place and 
use a t the same t i m e . 

T h e smal ler non-veno
mous serpents, Colubridce, 

m e. g . have t w o r o w s o f t ee th 
Eoof of the mouth of the Rattlesnake, showing the poison- , n 

fangs, 10,11, and pterygoid teeth, 9. CCL. On the r o o f o f t h e mOUth 
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e x t e n d i n g a long the palat ines and p te rygo ids . T h e genus Oli-
godon appears to f o r m the sole excep t ion to th i s r u l e . I n the 
Dryinus nasutus, a f e w smal l t ee th are present o n the ecto
p t e r y g o i d as w e l l as on the p t e r y g o i d . 

I n Dryophis, Dipsas, and Bucephalus, i n w h i c h the m a x i l l a r y 
t e e t h increase i n size towards the poster ior p a r t o f the bone, the 
l a rge t e r m i n a l t ee th o f the series are t raversed a long t h e i r an te r io r 
a n d convex side b y a l o n g i t u d i n a l groove. I n the Bucephalus 
capensis, t he t w o or th ree pos ter ior m a x i l l a r y t ee th present th i s 
s t r u c t u r e , and are m u c h l a rge r t h a n the an te r io r t ee th , or those o f 
the pa la t ine and p r e m a n d i b u l a r series. T h e y add m a t e r i a l l y , 
the re fo re , t o the p o w e r o f r e t a i n i n g the p r e y , and m a y conduc t i n t o 
the wounds w h i c h t h e y i n f l i c t an a c r i d s a l i v a ; b u t t h e y are n o t 
i n connec t ion w i t h t h e d u c t o f an express poison-g land . T h e 
l o n g g r o o v e d fangs are e i ther firmly fixed to the m a x i l l a r y bones, 
or are s l i g h t l y moveable , accord ing to t h e i r p e r i o d o f g r o w t h . 
T h e y are concealed b y a sheath o f t h i c k a n d sof t g u m , a n d t h e i r 
po in t s are d i r ec ted b a c k w a r d . The - sheath a lways contains loose 
r e c u m b e n t g r o o v e d t ee th , ready t o succeed those i n place. 

I n mos t o f the Coluhri, each m a x i l l a r y and p r e m a n d i b u l a r bone 
inc ludes f r o m t w e n t y to t w e n t y - f i v e t ee th . T h e y are less numerous 
i n t h e genera Tortrix and Homalopsis, and are reduced to a s t i l l 
smal le r n u m b e r i n the poisonous serpents, i n the t y p i c a l genera 
o f w h i c h the shor t m a x i l l a r y 
i ±. i • i 268 
bone suppor ts o n l y a s ingle 
p e r f o r a t e d f a n g . 

T h e m a x i l l a r y , fig. 268 , e, 
diminishes i n l e n g t h w i t h the 
decreasing n u m b e r o f t e e t h 
w h i c h i t s u p p o r t s : t h e ecto
p t e r y g o i d , d, elongates i n t h e 
same r a t i o , so as to r e t a i n i t s 
pos i t i on as an a b u t m e n t against 
the shor tened m a x i l l a r y ; a n d 
the muscles i m p l a n t e d i n t o 
t h e e c t o p t e r y g o i d commun ica t e t h r o u g h i t t o the m a x i l l a r y 
bone t h e h i n g e - l i k e movemen t s b a c k w a r d and f o r w a r d u p o n t h e 
g i n g l y m o i d a r t i c u l a t i o n s connec t i ng t h a t bone w i t h the p r e f r o n t a l 
a n d pa la t ine bones. A s the f u l l y deve loped poison-fangs are 
a t t ached b y the same firm basal anchylosis t o m a x i l l a r y sockets , 
w h i c h f o r m s t h e charac ter is t ic mode o f a t t a c h m e n t o f the s imp le 
o r so l id t e e t h , t h e y necessari ly f o l l o w a l l t h e movemen t s o f the 
supe r io r m a x i l l a r y bone. W h e n t h e e x t e r n a l p t e r y g o i d is r e -
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t r a c t e d , the super ior m a x i l l a r y rotates b a c k w a r d , and the poison-
f a n g is concealed i n t h e l a x mucous g u m , w i t h i t s p o i n t t u r n e d 
b a c k w a r d , fig. 2 6 7 , 10. W h e n the muscles d r a w f o r w a r d the 
e x t e r n a l p t e r y g o i d , the m a x i l l a r y bone is pushed f o r w a r d , and the 
r ecumben t f a n g w i t h d r a w n f r o m i t s concealment and erected. 

I n th i s p o w e r o f chang ing the d i r e c t i o n o f a l a rge t o o t h , so tha t 
i t m a y n o t impede the passage o f f o o d t h r o u g h the m o u t h , w e m a y 
perceive an ana logy b e t w e e n t h e v i p e r and the L o p h i u s ; b u t i n 
the fish the m o v e m e n t is conf ined to the t o o t h alone, and is de
pendent o n the mere phys ica l p r o p e r t y o f the elastic m e d i u m o f 
a t t a c h m e n t ; i n the serpent the t o o t h has no independen t m o t i o n , 
b u t rotates w i t h the j a w , whose movements are gove rned b y 
muscula r actions. I n the fish the g rea t t e e t h are erect , except 
w h e n pressed d o w n b y some extraneous force . I n the serpent 
the h a b i t u a l pos i t ion o f the f a n g is the r e c u m b e n t one, a n d i t s 
e rec t ion takes place o n l y w h e n the envenomed b l o w is t o be 
s t ruck . 

A t r u e idea o f the s t ruc tu re o f a po i son- fang w i l l be f o r m e d 
b y supposing the c r o w n o f a s imple t o o t h , as t h a t o f a boa, t o 
be pressed flat, and i t s edges to be t h e n ben t t owards each other , 
and soldered toge ther so as t o f o r m a h o l l o w c y l i n d e r , or r a the r 
cone, open at b o t h ends. T h e flattening o f the f a n g and i t s 
i n f l e c t i o n a round the poison-duct commences i m m e d i a t e l y above 
the base, and the su ture o f the i n f l e c t e d m a r g i n s runs a long the 
an te r ior and convex side o f the r e c u r v e d f a n g , as s h o w n i n 
fig. 269 , A : the poison-canal is t hus i n f r o n t o f the p u l p - c a v i t y , as 
s h o w n i n the l o n g i t u d i n a l section o f the f a n g , fig. 268 , y, a n d 
fig. 269 , B . T h e basal aper tu re o f the poison-canal , i b . v, is o b l i q u e , 
and i t s opposite o u t l e t v' is s t i l l more so, p re sen t ing the f o r m o f a 
n a r r o w e l l i p t i c a l l o n g i t u d i n a l fissure, t e r m i n a t i n g at a shor t d is
tance f r o m the apex o f the f a n g . I n fig. 268 , a fine ha i r is r ep re 
sented as passing t h r o u g h the poison-canal b y the d u c t o f the f a n g . 

T h e secret ion o f the poison-gland is conveyed to the basal ape r tu re 
o f the poison-canal o f the f a n g . W e m a y suppose, t h a t as t h e 
analogous l a c r y m a l a n d sa l iva ry glands i n o ther animals are mos t 
act ive d u r i n g p a r t i c u l a r emotions, so the rage w h i c h s t imula tes t h e 
venom-snake to use i t s deadly weapon m u s t be accompanied w i t h 
an increased secret ion and grea t d is tens ion o f the po ison-g lands ; 
and as the ac t ion o f the compressing muscles is contemporaneous 
w i t h the b l o w b y w h i c h the serpent i n f l i c t s the w o u n d , the poison 
is a t the same m o m e n t i n j e c t e d w i t h fo rce i n t o the w o u n d f r o m 
the apical o u t l e t o f the pe r fo ra t ed f a n g . 

T h e d u c t w h i c h conveys the poison , a l t h o u g h i t r u n s t h r o u g h 
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i-f angs of A, Viper ; B, Cobra (in section); 
c, Hydrophis. v. 

t h e cen t re o f a g rea t p a r t o f t h e t o o t h , is r e a l l y on the outs ide o f 
t h e t o o t h , t h e canal i n w h i c h i t is lodged and pro tec ted b e i n g 
f o r m e d b y a l o n g i t u d i n a l i n f l e c t i o n o f the d e n t i n a l parietes o f the 
p u l p - c a v i t y , fig. 270 , c. T h i s 
i n f l e c t i o n commences a l i t t l e 
b e y o n d the base o f the t o o t h , 
w h e r e i t s n a t u r e is r e ad i l y 
apprec ia ted , as the poison-1 
d u c t there rests i n a s l i gh t 
g roove or l o n g i t u d i n a l i n d e n 
t a t i o n on the convex side o f 
the f a n g , fig. 269 , A , B , V; 
as i t proceeds i t s inks deeper I 
i n t o the substance o f the 
t o o t h , and the sides o f the 
groove mee t and seem t o 
coalesce, so t h a t the t race o f 
the i n f l e c t ed f o l d ceases, i n 
some species, t o be pe rcep t i 
b le t o the naked e y e ; and the f a n g appears, as i t is c o m m o n l y 
descr ibed, t o be pe r fo ra t ed b y the d u c t o f the poison-gland. I n 
t h e Hydrophis t h e g roove remains p e r m a n e n t l y open, as i n fig. 
2 6 9 , c. 

F r o m the pos i t i on o f the poison-canal i t f o l l o w s t h a t the 
t ransverse sect ion o f the 
t o o t h varies i n f o r m i n d i f 
f e r e n t par ts o f the t o o t h : a t 
t h e base i t is o b l o n g , w i t h a 
l a rge p u l p - c a v i t y o f a cor 
r e spond ing f o r m , w i t h an 
e n t e r i n g no t ch a t t he an te 
r i o r surface , fig. 268 , c; 
f a r t h e r o n , the t ransverse 
sect ion presents t h e f o r m o f 
a horseshoe, a n d the p u l p -
c a v i t y t h a t o f a crescent, t he 
horns o f w h i c h ex t end i n t o 
t h e sides o f t h e deep c a v i t y 
o f t he p o i s o n - f a n g : a l i t t l e 
b e y o n d t h i s p a r t t h e sec
t i o n o f the t o o t h i t s e l f is 
crescent ic , w i t h t h e horns obtuse and i n contact , so as t o c i r c u m 
scr ibe t h e p o i s o n - c a n a l ; and a l o n g the w h o l e o f the m i d d l e f o u r 
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s ix ths o f t h e t o o t h , t h e sect ion, o f w h i c h a m a g n i f i e d v i e w is g i v e n 
i n fig. 270 , shows t h e den t ine o f t h e f a n g i nc lo s ing the poison-
canal , and h a v i n g i t s o w n centre or p u l p - c a n a l , p, p, i n the f o r m 
o f a crescentic fissure, s i tua ted close t o the concave bo rde r o f the 
i n f l e c t e d surface o f the t o o t h . T h e p u l p - c a v i t y disappears, and 
t h e poison-canal aga in resumes the f o r m o f a groove near the apex 
o f t he f a n g , fig. 269 , A , B , v', a n d t e rmina tes o n the an te r io r surface 
i n an e longa ted fissure. 

T h e venom-fangs o f the v i p e r , ra t t l e - snake , and the Fer-de-
lance are coated o n l y w i t h a t h i n l a y e r o f a subtransparent and 
m i n u t e l y ce l l u l a r cement . T h e d ispos i t ion o f the den t ina l tubes 
is obedient t o the genera l l a w o f v e r t i c a l i t y t o the ex terna l 
surface o f t h e t o o t h ; i t is represented as seen i n the t rans
verse section f r o m the m i d d l e o f the f a n g i n fig. 270 . Since 
t h e i n f l e c t ed surface o f t h e t o o t h can be exposed to no other 
pressure t h a n t h a t o f t h e turgescent d u c t w i t h w h i c h i t is 
i n contact , t he tubes w h i c h proceed t o the cen t r a l surface, 
w h i l e m a i n t a i n i n g t h e i r n o r m a l r e l a t i o n o f t h e r i g h t angle to 
i t , are e x t r e m e l y s h o r t ; and the l a y e r o f den t ine separat ing the 
po ison- tube f r o m t h e p u l p - c a v i t y is p r o p o r t i o n a l l y t h i n . T h e 
d e n t i n a l tubes t h a t rad ia te f r o m t h e opposite side o f the p u l p -
c a v i t y t o the exposed surface b o f t h e t o o t h are d i spropor t iona te ly 
l o n g . 

T h e t e e t h o f Oph id i ans are developed a n d comple ted i n tha t 
p a r t w h i c h f o r m s t h e o r i g i n a l seat o f the too th-germs i n a l l 
animals ; v i z . t he mucous membrane o r g u m c o v e r i n g the alveolar 
border o f the dent igerous bones. T h e p r i m i t i v e den ta l pap i l l a i n 
the c o m m o n harmless snake v e r y soon s inks i n t o the substance o f 
the gunr , a n d becomes enclosed b y a capsule. A s soon as the 
depos i t ion o f the calcareous salts commences i n the apex o f the 
pap i l l a , t h e capsule c o v e r i n g t h a t p a r t becomes ossified and 
adheren t t o the den t ine , and the t o o t h begins t o pierce and 
emerge f r o m the g u m before i t s m o u l d , the p u l p , is h a l f c o m 
p le ted . F r e s h layers o f cells are successively added to the base 
o f t he p u l p , a n d conver t ed , b y t h e i r confluence and ca lc i f i ca t ion , 
i n t o the t u b u l a r den t ine , u n t i l t he f u l l size o f the t o o t h is 
a t t a ined , w h e n i t s s i t ua t i on i n the g u m is g r a d u a l l y changed, 
a n d i t s base becomes anchylosed to the shal low c a v i t y o f the 
a lveolar surface o f the bone. I n t h e pos ter ior p a r t o f the large 
mucous sheath o f the po i son- fang , t h e successors o f t h i s t oo th 
are a lways to be f o u n d i n d i f f e r e n t stages o f deve lopement ; 
t h e p u l p is a t first a s imple pap i l l a , a n d w h e n i t has sunk i n t o 
the g u m the succeeding p o r t i o n presents a depression a l o n g i t s 
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i n f e r i o r sur face , as i t l ies h o r i z o n t a l l y , w i t h the apex d i r ec ted 
b a c k w a r d ; t he capsule adheres to th i s i n f l ec t ed surface o f the 
p u l p ; a n d t h e base o f the groove o f the loose g r o w i n g poison-
f a n g is b r o u g h t i n t o the same r e l a t i o n w i t h the duc t o f t h e 
poison g l a n d as the displaced f a n g , w h i c h has been severed f r o m 
the d u c t . 

T h e e x i s t i n g species o f L i z a r d s d i f f e r f r o m those o f Crocodi les 
i n the anchylosed c o n d i t i o n o f the t ee th , w h i c h present f e w m o d i 
fications o f impor t ance : those t h a t y i e l d most f r u i t t o p h y s i o l o g y , 
a n d w h i c h have most expanded our ideas o f the ex t en t o f the 

Skull of Dicynodon lacerticeps, one third natural size 

resources o f N a t u r e and the excep t iona l devia t ions f r o m w h a t 
was deemed the r u l e o f s t r u c t u r e i n t h e Sau r i an d e n t i t i o n , 
have been discovered b y the s t u d y o f t h e foss i l t e e t h o f e x t i n c t 
f o r m s o f the order . A m o n g s t these the most e x t r a o r d i n a r y are 
those ca l led ' D i c y n o d o n t s , " f r o m t h e i r d e n t i t i o n b e i n g reduced 
t o one l o n g and l a rge canine t o o t h on each side o f the u p p e r 
j a w . These t e e t h r e c a l l , a t first s igh t , t h e character w h i c h the 
l o n g poison-fangs g i v e , w h e n erected, t o t h e u p p e r j a w o f 
t h e R a t t l e snake. T h e a lveo la r bo rde r o f t h e l o w e r j a w and o f 
t h e p r e m a x i l l a r y p a r t o f t h e u p p e r j a w is t r e n c h a n t , and seems 
t o have been sheathed w i t h h o r n . T h e m a x i l l a r y , fig. 2 7 1 , 
21, is excava ted b y a w i d e a n d deep a lveolus , w i t h a c i r c u l a r 
area, a n d lodges a l o n g and s t r o n g , s l i g h t l y c u r v e d , a n d sharp-
p o i n t e d t u s k , w h i c h p ro jec t s abou t t w o t h i r d s o f i t s l e n g t h f r o m 

1 From Si's, two, and KWSSOVS, the name given by Hippocrates to the canine teeth, 
and signifying the same idea as their common English denomination. 
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the open e x t r e m i t y o f the s o c k e t ; t he t w o c o n v e r g i n g , as t h e y 
descend a long t h e ou te r side o f t h e compressed symphysis o f 
t h e l o w e r j a w . T h e t u s k is p r i n c i p a l l y composed o f a body o f 
compact unvascu la r den t ine . T h e base is excavated b y a wide 
conica l p u l p - c a v i t y w i t h t h e apex e x t e n d i n g to abou t one h a l f 
o f t h e i m p l a n t e d pa r t o f the t u s k , and a l i nea r t r a c t is cont inued 
a long the centre o f the so l id p a r t o f the t u s k . 

T h e enamel is t h i n n e r t h a n i n the t e e t h o f t h e Crocodile . 
T h e r e is a t race o f cement o n the ex te r io r o f the sections o f the 
i m p l a n t e d base o f the tusks . I n the l o w e r j a w , i b . 25, 23, the 
a lveolar border o f the den ta ry e lement presents a smooth and even 
edge, w h i c h seems t o have p l a y e d l i k e a scissor-blade upon the 
i n n e r side o f the cor responding edentulous border o f the upper 
j a w . I n some D i c y n o d o n t s (Ptychognathus) t h e symphysis was 
s i n g u l a r l y p roduced u p w a r d . 

U n t i l t he d iscovery o f the Rhynchosaurus1 a n d Oudenodon, th is 
edentulous and horn-sheathed c o n d i t i o n o f t h e j a w s was supposed 
t o be pecul ia r t o the Che lon i an order among rep t i l e s . 2 I n the 
Sau r i an D i c y n o d o n w e find, superadded t o the ho rn -c l ad man
dibles o f the To r to i s e , a pa i r o f tusks , b o r r o w e d as i t were f r o m 
the m a m m a l i a n class, or r a the r fo re shadowing a s t ruc tu re w h i c h , 
i n t he ac tua l c rea t ion , is pecul ia r t o ce r ta in members o f the 
h ighes t -organised w a r m - b l o o d e d animals. 

I n the o ther R e p t i l i a , recent or e x t i n c t , w h i c h most near ly 
approach the M a m m a l i a i n the s t r uc tu r e o f t h e i r t ee th , the d i f 
fe rence character is t ic o f the i n f e r i o r and cold-blooded class is 
man i fes t ed i n the shape, and i n the system o f shedding and suc
cession, ©f the t e e t h : the base o f the i m p l a n t e d t o o t h seldom 
becomes consol idated, never con t rac ted to a p o i n t , as i n the 
fangs o f mos t m a m m a l i a n t e e t h ; and at a l l periods o f g r o w t h 
one or more germs o f t e e t h are f o r m e d w i t h i n or near the base 
o f t he t o o t h i n use, p repared to succeed i t , and progressing 
t owards i t s displacement . T h e den ta l a rma tu re o f the j a w s is 
k e p t i n serviceable order b y u n i n t e r r u p t e d change and succes
sion ; b u t the m a t r i x o f the i n d i v i d u a l t o o t h is soon exhausted, 
and the l i f e o f the t o o t h i t s e l f m a y be said t o be compara t ive ly 
short . 

T h e D i c y n o d o n t s n o t o n l y m a n i f e s t t h e h i g h e r t y p e o f f ree 
i m p l a n t a t i o n o f the base o f the t o o t h i n a deep and complete 
socket, c o m m o n to Crocod i l i ans , Megalosaurs , and Thecodonts , 
b u t make an add i t i ona l step towards t h e m a m m a l i a n t y p e o f 

1 Transactions of the Cambridge Philosophical Society, vol, vii. part iii. 2 CLvin. 



T E E T H OF REPTILES. 401 

d e n t i t i o n , b y m a i n t a i n i n g the serviceable state o f the t u s k b y 
v i r t u e o f constant r e n o v a t i o n o f the substance o f one and the 
same m a t r i x , acco rd ing to t h e p r i n c i p l e man i fes t ed i n the l o n g -
l i v e d a n d e v e r - g r o w i n g tusks o f the W a l r u s , and the s c a l p r i f o r m 
incisors o f the R o d e n t i a . 

N a t u r a l i s t s have avai led themselves o f characteris t ics o f the 
d e n t a l sys tem to ar range the genera o f the squamate Lace r t i ans . 
I n t h e first g r o u p , the t ee th are so l id , or w i t h o u t any pe rma
n e n t i n t e r n a l c a v i t y , and are anchylosed b y t h e i r base t o the 
a lveo la r groove . T h e species w h i c h present th i s character are 
ca l led ' P leodonts . ' I n the second g r o u p , the t e e t h are excavated, 
or r e t a i n the p u l p - c a v i t y , and are less firmly fixed to the j a w s , 
b e i n g app l i ed v e r t i c a l l y , l i k e piles or buttresses, against the ou te r 
a lveolar parapet , b u t n o t a d h e r i n g b y t h e i r base. T h i s g r o u p is 
ca l led ( Coelodonts. ' 

T h e M o n i t o r o f S o u t h A m e r i c a {Tupinambis teguixin) is 
an example o f the P l e o d o n t g r o u p , i n w h i c h the p r e m a x i l l a r y 
t e e t h are t e n i n number . T h e m a x i l l a r y t e e t h v a r y f r o m t e n 
t o fifteen o n each side, and increase i n size as t h e y are p laced 
f a r t h e r b a c k : the h i n d m o s t t e e t h are t r i c u s p i d i n y o u n g i n d i 
v i d u a l s , and present the f o r m o f s imple tuberc les i n the o l d 
M o n i t o r s . T h e m a n d i b u l a r t ee th , fifteen t o e ighteen i n n u m b e r 
i n each ramus , correspond i n size and f o r m w i t h those above. 
I n the Ccelodont g r o u p , the ' S w i f t l i z a r d s ' ( Tachydromus) have 
the p t e r y g o i d bones a rmed w i t h m i n u t e t ee th . T h e t e e t h o n b o t h 
u p p e r and l o w e r j a w s are o f l a rge r size, and the h i n d e r ones are 
t r i c u s p i d . T h e t r u e L i z a r d s (Lacerta) have t w o k i n d s o f t ee th 
quoad f o r m ; t he an t e r io r s m a l l , con ica l , and r e c u r v e d : t h e pos
t e r i o r l a rge r , and b i - o r t r i - c u s p i d . Some species have also 
p t e r y g o i d t e e t h ; as t h e c o m m o n Lacerta agilis. 

I n the g i g a n t i c foss i l Sea -moni to r o f M a e s t r i c h t (Mosasaurus) 
t he t e e t h combine t h e ' P l e o d o n t ' w i t h the ' A c r o d o n t ' characters . 
A l l the t e e t h are s l i g h t l y r e c u r v e d , and t h e i r p e r i p h e r a l surface 
is s m o o t h : t h e c r o w n is p y r a m i d a l , w i t h t h e ou te r side n e a r l y 
p lane , o r s l i g h t l y convex , a n d separated b y t w o sharp r idges f r o m 
t h e r e m a i n i n g surface , w h i c h f o r m s a ha l f -cone . T h e l a r g e r t e e t h 
are i m p l a n t e d u p o n the p r e m a x i l l a r y , m a x i l l a r y , and p r e m a n d i b u l a r 
b o n e s ; a series o f s i m i l a r l y shaped b u t m u c h smal le r t e e t h are 
p laced u p o n t h e p t e r y g o i d bones. 

M o s t o f t h e smooth-scaled L i z a r d s have s m a l l m o u t h s a n d 
s lender sharp t ee th , fitted best f o r insect f o o d : t h e y are u s u a l l y 
c o n f i n e d t o t h e u p p e r and l o w e r j a w s ; b u t the m e d i c i n a l S c i n k o f 
anc i en t p h a r m a c y (Scincus officinalis) has f o u r or five sma l l obtuse 

V O L . i . D D 
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t ee th u p o n each p t e r y g o i d bone. T h e c h i e f except ion to the 
t y p i c a l d e n t i t i o n o f the present f a m i l y is made b y the large 
scincoid l izards o f A u s t r a l i a , w h i c h , on t h a t account , have received 
the gener ic name o f Cyclodus. T h e d e n t i t i o n o f the Cyclodus 
nigroluteus is e x e m p l i f i e d i n the l o w e r j a w , fig. 272 . I n the upper 
j a w , the s ingle p r e m a x i l l a r y bone has depressions f o r t w e l v e teeth, 

o f w h i c h o n l y the a l te rna te ones are u s u a l l y i n p l ace ; t hey are o f 
v e r y smal l size, w i t h the f a n g compressed l a t e r a l l y , and the c rown 
an te ro-pos te r io r ly , so as to resemble a t r u e inc isor i n f o r m , the 
s u m m i t s lop ing to an edge f r o m b e h i n d f o r w a r d s , w i t h the middle 
o f the c u t t i n g surface a l i t t l e p roduced . E a c h super ior m a x i l l a r y 
bone has depressions f o r f o u r t e e n t e e t h ; t h e y q u i c k l y increase i n 
size, and exchange t h e i r con ica l f o r a sub-hemispher ical c r o w n ; 
the e i g h t h to the t h i r t e e n t h inc lus ive are the largest t e e t h ; they 
are set o b l i q u e l y , and p r e t t y close together . I n the l ower j a w 
there are t w o smal l incisors , a t t he an te r io r p a r t o f each pre
m a n d i b u l a r bone cor respond ing w i t h those o f t h e p r e m a x i l l a r y ; 
these are succeeded b y five or s ix conical t ee th , and the rest 
correspond i n size and f o r m w i t h the tube rcu la t e molars o f the 
uppe r j a w . A l l the t ee th are a t tached, a f t e r the P l e u r o d o n t t y p e , 
b y t h e i r base and ou te r m a r g i n to sha l low depressions o n the 
outer side o f the ex t e rna l a lveolar parapet . T h e germs o f the 
successional t ee th , c, fig. 2 7 2 , are developed at t h e i n n e r side o f the 
base o f t h e i r predecessors, a, w h i c h t h e y excavate , undermine , 
and displace i n the usua l manner . 

C e r t a i n genera o f the Iguanian f a m i l y o f L i z a r d s , e. g . Istiurus, 
Lophyrus, Calotes, and Otocryptis, have the t e e t h soldered, l i ke 
those o f Mosasaurus, t o the s u m m i t o f t h e a lveolar r i dge , and 
thence are cal led c A c r o d o n t s : ' i n a l l these l izards the m a x i l l a r y 
and m a n d i b u l a r t e e t h m a y be d i v i d e d i n t o an te r io r l a n i a r y and 
pos ter ior m o l a r y t ee th . I n o ther I g u a n i a n s the t ee th are lodged 
i n a common shal low ob l ique a lveolar g roove , and are soldered 
t o excavations on the i n n e r surface o f the ou te r w a l l o f the 
g r o o v e : these are ca l led ' P l eu rodon t s . ' M o s t o f t h e m possess 
p t e r y g o i d as w e l l as m a x i l l a r y t e e t h : b u t the f o l l o w i n g genera, 
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Hyperanodon, Tropidolepis, Phrynosoma, and Callisaurus, are 
except ions . 

I n t h e P l e u r o d o n t I g u a n i a n s , t he t ee th never present the t r u e 
l a n i a r y f o r m ; and , i f s i m p l y conica l , as a t t he extremes o f the 
m a x i l l a r y series, t h e cone is more or less o b t u s e ; b u t , i n genera l , 
i t is expanded , more or less t r i l o b a t e , or denta ted a long the m a r g i n 
o f t h e c r o w n . T h e Amblyrhynchus, a genus r emarkab le f o r the 
m a r i n e habi t s o f a t least one o f the species {Amblyrhynchus ater), 
whose d ie t is sea-weed, has the t r i c u s p i d s t ruc tu re w e l l developed 
i n the pos ter ior t ee th . T h e t y p i c a l genus o f the present f a m i l y 
o f Saurians (Iguana tuberculatd) is character ised b y the crenate 
o r den ta ted m a r g i n o f the c r o w n o f the m a x i l l a r y and p r e m a n d i 
b u l a r t ee th , a f e w o f the an te r io r sma l l ones excepted. T h e p t e r y 
g o i d t ee th are a r ranged i n t w o or th ree i r r e g u l a r r o w s , r e s e m b l i n g 
somewhat the ' dents en cardes ' o f Fishes . I n the f u l l - g r o w n 
Iguana tuberculata the re are f r o m f o r t y - s e v e n t o f o r t y - n i n e t e e t h 
i n b o t h u p p e r and l o w e r j a w s . T h e n u m b e r is less i n y o u n g 
subjects . T h e t w o r o w s o f p t e r y g o i d t ee th are i n close o rder 
o n each side. I n the h o r n e d I g u a n a (Metopoceros cornutus) t he re 
is a s ingle r o w o f sma l l t e e t h i m p l a n t e d i n each p t e r y g o i d bone , 
fig. 98 , D, 24. 

T h e t e e t h o f t h e Iguanodon, t h o u g h r e s e m b l i n g those o f t h e 
I g u a n a , do n o t present an exact m a g n i f i e d image o f t h e m , b u t 
d i f f e r i n the grea ter r e l a t i ve th ickness o f the c r o w n , i t s m o r e 
c o m p l i c a t e d e x t e r n a l surface , a n d i n a m o d i f i c a t i o n o f the i n t e r n a l 
s t r u c t u r e , b y w h i c h th i s huge he rb ivo rous e x t i n c t l i z a r d deviates 
f r o m eve ry o the r k n o w n r e p t i l e . 

A s i n t h e I g u a n a , the base o f the t o o t h is e longated , con t rac ted , 
a n d s u b c y l i n d r i c a l ; the c r o w n expanded, and s m o o t h l y 
convex on the i n n e r side. W h e n first f o r m e d , i t is 
acumina te , compressed, i t s s l op ing sides serrate, and 
i t s e x t e r n a l surface t r ave r sed b y a m e d i a n l o n g i t u 
d i n a l r i d g e , a n d coated b y a l a y e r o f e n a m e l ; b u t , 
b e y o n d t h i s p o i n t , t h e desc r ip t i on o f the t o o t h o f t h e 
I g u a n o d o n indicates characters pecu l i a r t o t h a t genus. 
T h r e e l o n g i t u d i n a l r idges , fig. 273 , t raverse the ou te r 
surface o f t h e c r o w n , one o n each side o f the m e d i a n 
p r i m i t i v e r i d g e ; these are separated f r o m each o ther , U n w S ( t 0 ( r t h 

a n d f r o m t h e serra ted m a r g i n s o f t h e c r o w n , b y f o u r oflsuanodon. 

w i d e a n d smooth l o n g i t u d i n a l grooves. I n t h e u p p e r j a w the 
t e e t h are less c u r v e d , and are t h i c k e r t r ansve r se ly t o the j a w : 
t h e p r i m a r y r i d g e is m u c h m o r e p r o m i n e n t . T h e m a r g i n a l ser
r a t i ons present , u n d e r a l o w m a g n i f y i n g p o w e r , t h e f o r m o f 
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transverse r idges , themselves no tched , so as t o resemble the m a m -
m i l l a t e d marg ins o f the u n w o r n plates o f the elephant 's g r inder . 
These r idges or denta t ions do n o t e x t e n d b e y o n d the expanded 
p a r t o f the c r o w n : the l o n g i t u d i n a l r idges are con t inued fa r the r 
d o w n , especial ly the m e d i a n ones, w h i c h do n o t subside t i l l the 
f a n g o f the t o o t h begins t o assume i t s s u b c y l i n d r i c a l f o r m . 

A t the earl ier stages o f abrasion, a sharp edge is mainta ined at 
the e x t e r n a l p a r t o f the t o o t h b y means o f the enamel w h i c h 
covers, and is r e s t r i c t ed t o , t ha t surface o f the c r o w n . The 
p r o m i n e n t r idges u p o n t h a t surface g i v e a sinuous contour to the 
m i d d l e o f the c u t t i n g edge, w h i l s t i t s sides are j a g g e d b y the 
l a t e r a l serrat ions. T h e den t ine n e x t the enamel is harder than 
the vaso-dentine o f the opposite h a l f o f the c r o w n . W h e n the 
c r o w n is w o r n a w a y b e y o n d the enamel , i t presents a broad and 
nea r ly ho r i zon t a l g r i n d i n g surface, and another den ta l substance 
is b r o u g h t i n t o use to g i v e an i n e q u a l i t y to t h a t sur face ; this 
is the ossified r e m n a n t o f the p u l p , w h i c h , b e i n g firmer than 
the s u r r o u n d i n g dent ine , f o r m s a s l i g h t t ransverse r idge i n the 
m i d d l e o f the g r i n d i n g surface. T h e t o o t h i n th i s stage has 
exchanged the f u n c t i o n s o f an inc i sor f o r t h a t o f a mola r , and is 
p repared t o g i v e the final compression, or concmiinution, t o the 
coarsely d i v i d e d vegetable mat te r s , such as m i g h t be a f forded b y 
the Clathrario? and s i m i l a r foss i l p lan t s , w h i c h are f o u n d bu r i ed 
w i t h the I g u a n o d o n . 

I n the C r o c o d i l i a n M o n i t o r ( Varanus bivittatus) t he la rge fixed 
compressed t ee th , o f w h i c h there m a y be about seven i n each 
uppe r m a x i l l a r y bone and s ix i n each p r e m a n d i b u l a r , are anchy
losed b y the whole o f t h e i r base and b y an o b l i q u e surface leading 
upwards on the ou te r side o f the t o o t h to a s l i g h t depression on 
the alveolar surface. T h e base o f the t o o t h is finely s t r i a ted , the 
l ines b e i n g p roduced b y i n f l e c t ed fo lds o f the e x t e r n a l cement, as 
i n the I c h t h y o s a u r and L a b y r i n t h o d o n , b u t t h e y are shor t and 
s t r a igh t , as i n those o f the f o r m e r genus. T h e g rea t Varanus, 
l i k e the var iega ted species, manifes ts i t s a f f i n i t y to the Crocodi l ians 
i n the n u m b e r o f successive t ee th w h i c h are i n progress o f g r o w t h 
t o replace each o t h e r ; b u t , f r o m t h e pos i t ion i n w h i c h the germs 
o f t he successional t ee th are developed, the more advanced teeth 
i n th i s species, as i n the Varanus variegatus, do n o t e x h i b i t the 
excavations t h a t characterise the same par ts o f the t ee th o f the 
Enal iosaurs and Crocodi les . 

I n some e x t i n c t Saurians, w h i c h , i n o ther par ts o f t h e i r o rgani 
sat ion, adhere to the L a c e r t i n e d i v i s i o n o f the order , the tee th were 
i m p l a n t e d i n sockets, e i ther loosely or c o n f l u e n t w i t h the b o n y walls 
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o f the c a v i t y : these are t e r m e d the 1 T h e c o d o n t ' L a c e r t i a n s : t h e i r 
den ta l character is seen i n the oldest k n o w n o f a l l Saurians, v i z . the 
(Protorosaurus o f the T h u r i n g i a n copper-slates), and the Palceo-
saurus o f the d o l o m i t i c conglomerates near B r i s t o l . T h e c o m 
pressed V a r a n i a n f o r m o f t o o t h , w i t h t r enchan t and finely denta ted 
m a r g i n s , w h i c h characterised these ancient L i z a r d s , is c o n t i n u e d 
i n the c o m p a r a t i v e l y more recent and g igan t i c species ca l led Mega-
losaurus. I n t h i s t e r r e s t r i a l carn ivorous B e p t i l e t h e t ee th , w h e n 
first p r o t r u d e d above the g u m , presented a double c u t t i n g edge o f 
serra ted enamel ; the pos i t ion and l i ne o f ac t ion were nea r ly v e r t i c a l , 
and , l i k e the two-edged p o i n t o f a sabre, the t ee th c u t e q u a l l y o n 
each side. A s the t o o t h advanced i n g r o w t h i t became c u r v e d 
b a c k w a r d , i n the f o r m o f a p r u n i n g - k n i f e , and the edge o f serrated 
enamel was con t inued d o w n w a r d to the base o f the i n n e r a n d 
c u t t i n g side o f the t o o t h , w h i l s t o n the ou te r side a s imi l a r edge 
descended b u t a shor t distance f r o m the p o i n t , and the convex 
p o r t i o n o f the t o o t h became b l u n t and t h i c k , as the back o f a 
k n i f e is made t h i c k f o r the purpose o f p r p d u c i n g s t r eng th . T h e 
s t r e n g t h o f the t o o t h was f u r t h e r increased b y t h e expansion o f 
i t s side. ' I n a t o o t h thus f o r m e d f o r c u t t i n g a long i t s concave 
edge, each m o v e m e n t o f the j a w combined the power o f the k n i f e 
and s a w : w h i l s t the apex, i n m a k i n g the first i nc i s ion , acted l i k e 
t h e two-edged p o i n t o f a sabre. T h e b a c k w a r d c u r v a t u r e o f the 
f u l l - g r o w n t e e t h enabled t h e m to r e t a i n , l i k e barbs , t he p r e y 
w h i c h t h e y had pene t ra ted . I n these adaptat ions w e see con
t r ivances w h i c h h u m a n i n g e n u i t y has also adopted i n t h e prepara
t i o n o f var ious i n s t r u m e n t s o f a r t . ' 1 

T h e t e e t h o f the Megalosaur consist o f a cen t r a l b o d y o f 
den t ine , w i t h an i n v e s t m e n t o f enamel u p o n the c r o w n , a n d o f 
cement over a l l , b u t t h i c k e s t u p o n the f a n g . T h e m a r g i n a l 
serrat ions are f o r m e d a lmos t e n t i r e l y b y the enamel . T h e remains 
o f the d e n t i n a l p u l p are c o n v e r t e d i n t o a coarse bone i n the c o m 
p l e t e l y f o r m e d t o o t h . 

I n mos t P t e r o d a c t y l e s the t ee th are o f one k i n d , f e w and f a r 
apar t , fig. I l l , w i t h l o n g , s lender, compressed, s l i g h t l y r e c u r v e d , 
p o i n t e d c r o w n s ; b u t some, f r o m the more anc ien t secondary 
deposits , show, b e h i n d a f e w t e e t h o f the above prehens i le 
character , a close-set r o w o f sma l l lancet -shaped t e e t h : such 
m o d i f i c a t i o n characterises t h e genus Dimorphodon. 

T h e t e e t h o f t h e I c h t h y o s a u r have a s imple m o r e o r less 
a c u t e l y con ica l f o r m , w i t h a l o n g and , u s u a l l y , expanded o r 

1 Buckland, Bridgewater Treatise, vol. i. p. 237. 
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ventr icose base, or i m p l a n t e d f a n g . T h e y are conf ined to the 
p r e m a x i l l a r y , m a x i l l a r y , and p r e m a n d i b u l a r bones, i n w h i c h they 
are a r ranged i n close series, and o f nea r ly equal size. T h e y 
consist o f a b o d y o f unvascular den t ine , inves ted a t the base by a 
t h i c k l ayer o f cement , and at the c r o w n b y a l ayer o f enamel, 
w h i c h is i t s e l f covered b y a v e r y t h i n coat o f c e m e n t ; the pu lp -
c a v i t y is more or less occupied i n f u l l y f o r m e d t ee th b y a coarse 
bone. T h e ex te rna l surface o f the t o o t h is m a r k e d b y the l ong i 
t u d i n a l impressions and r idges , b u t the t ee th v a r y b o t h as to 
o u t w a r d s c u l p t u r i n g and genera l f o r m i n the d i f f e r e n t species.1 

T h e ch ie f p e c u l i a r i t y o f the den ta l sys tem o f the Ich thyosaur 
is the mode o f the i m p l a n t a t i o n o f the t e e t h : ins tead o f being 
anchylosed to the b o t t o m and side o f a cont inuous shal low groove, 
as i n most Lace r t i ans , or i m p l a n t e d i n d i s t i n c t sockets, as i n the 
Thecodon , Megalosaur , or P t e r o d a c t y l e , t h e y are lodged loosely 
i n a l o n g and deep cont inuous f u r r o w , and re ta ined b y sl ight 
r idges be tween the t ee th , a l o n g the sides and b o t t o m o f the 
f u r r o w , and b y the g u m and organised membranes cont inued in to 
the groove and u p o n the base o f the t ee th . T h e germs o f the 
new t ee th are developed at the i n n e r side o f the base o f the 
o ld ones. 

T h e best and most r e a d i l y recognisable characters b y w h i c h 
the e x i s t i n g Crocodi l ians are g r o u p e d i n appropr ia te genera are 
de r ived f r o m modi f ica t ions o f the den ta l system. 

I n the Caimans (genus Alligator) the t ee th v a r y i n number 
18—18 2 2 — 2 2 
T o — T d t o — 7 ^ : t n e f ° u r t h t o o t h o f the l o w e r j a w , or 
l o — l o ZJi—22 

canine, is received into a cavity o f the pala ta l surface o f the upper 
j a w , where i t is concealed w h e n the m o u t h is shut . I n o ld 
i nd iv idua l s the upper j a w is p e r f o r a t e d b y these large i n f e r io r 
canines, and the fossa? are conver ted i n t o fo ramina . 

I n the Crocodiles (genus Crocodilus) the first t o o t h i n the lower 
j a w perforates the pa la ta l process o f the p r e m a x i l l a r y bone when 
the m o u t h is c losed; the f o u r t h t o o t h i n the l o w e r j a w is received 
into a notch excavated i n the side o f the a lveolar border o f the 
upper j a w , and is v i s ib l e e x t e r n a l l y w h e n the m o u t h is closed. 

I n the t w o preced ing genera the a lveolar borders o f the j a w 
have an uneven or w a v y contour , and the t e e t h are o f an unequal 
size. 

I n the Gavia ls (genus Gavialis) the t e e t h are n e a r l y equal i n 
size and s imi la r i n f o r m i n b o t h j a w s , and the first as w e l l as the 

1 v. pi. 73. 
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f o u r t h t o o t h i n the l o w e r j a w passes i n t o a groove i n the m a r g i n 
o f t he uppe r j a w w h e n the m o u t h is closed. 

I n the A l l i g a t o r s and Crocodi les the t ee th are more u n e q u a l i n 
size, and less r e g u l a r i n a r rangement , a n d more d ive r s i f i ed i n 
f o r m , t h a n i n the G a v i a l s : wi tness the s t rong t h i c k conica l 
l a n i a r y t e e t h as contras ted w i t h the b l u n t m a m m i l l a t e summi t s o f 
the pos ter ior t e e t h i n the A l l i g a t o r , fig. 275 . T h e t ee th o f the 
G a v i a l are subequal , most o f t h e m present the f o r m o f a c r o w n , 
s h o w n i n fig. 274 , l o n g , slender, po in t ed , subcompressed f r o m 
before b a c k w a r d , w i t h a t r enchan t edge o n the r i g h t and l e f t 
sides, be tween w h i c h a f e w f a i n t l o n g i t u d i n a l r idges t raverse the 
basal p a r t o f the enamel led c r o w n . 

I n the b l ack A l l i g a t o r o f G u i a n a the first f o u r t e e n t ee th 
o f the l o w e r j a w are i m p l a n t e d i n d i s t i n c t sockets, t he r e 
m a i n i n g poster ior t ee th are lodged close t o 
ge ther i n a con t inuous groove , i n w h i c h the 
divis ions f o r sockets are f a i n t l y i nd i ca t ed b y 
v e r t i c a l r idges , as i n the j a w s o f the I c h t h y o -
saurs. A t h i n compact floor o f bone separates 
th i s groove , and the sockets an te r io r t o i t , f r o m 
t h e la rge c a v i t y o f the r amus o f the j a w ; i t is 
p i e rced b y bloodvessels f o r the s u p p l y o f the 
pu lps o f the g r o w i n g t e e t h and the vascular 
dent iparous membrane w h i c h l ines the a lveolar 

cavi t ies . 
T h e t o o t h - g e r m is developed f r o m the m e m 

brane c o v e r i n g the angle b e t w e e n the floor and 
the i n n e r w a l l o f the socket. I t becomes i n 
t h i s s i t ua t i on comple t e ly enveloped b y i t s cap
sule, and an enamel-organ is f o r m e d at the 
i n n e r surface o f the capsule before the y o u n g 
t o o t h penetrates the i n t e r i o r o f the p u l p - c a v i t y 
o f i t s predecessor. 

T h e m a t r i x o f the y o u n g g r o w i n g t o o t h 
affects , b y i t s pressure, t h e i n n e r w a l l o f the 
socket , as s h o w n i n fig. 2 7 5 , and f o r m s f o r i t s e l f 
a sha l low recess: a t t h e same t i m e i t a t tacks 
t h e side o f the base o f t h e con ta ined t o o t h ; 
t h e n , g a i n i n g a m o r e extensive a t t achmen t b y 
i t s basis and increased size, i t penetrates the l a rge p u l p - c a v i t y 
o f t he p r e v i o u s l y f o r m e d t o o t h , e i the r b y a c i r c u l a r or s emi 
c i r c u l a r p e r f o r a t i o n . T h e size o f t h e ca l c i f i ed p a r t o f t h e 
t o o t h - m a t r i x w h i c h has p roduced t h e co r re spond ing abso rp t ion o f 

Teeth in different stages of 
formation from one alve
olus of the Gavial: a is 
the base partly absorbed 
by the pressure of b, the 
successional tooth; below 
which is figured c, the 
germ of the next tooth 
to follow, v. 
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the p r e v i o u s l y f o r m e d t o o t h o n t h e one side, and o f the alveolar 
process on the other, is 
represented i n the ex
posed alveolus o f fig. 
275 , the t o o t h a hav
i n g been displaced and 
t u r n e d r o u n d to show 
the effects o f the s t imu
lus o f the pressure. The 
size o f the perfora t ion 
i n the t o o t h , and o f the 
depression i n the j a w , 
proves t h e m to have 
been, i n great part , 
caused b y the soft ma
t r i x , w h i c h mus t have 
p roduced i t s effect not 
b y mere mechanical 
fo rce . T h e resistance 
o f the w a l l o f the pu lp -

c a v i t y h a v i n g been thus overcome, the g r o w i n g t o o t h and its 
m a t r i x recede f r o m the t e m p o r a r y a lveolar depression, and sink 
i n t o the substance o f the p u l p conta ined i n the c a v i t y o f the 
f u l l y f o r m e d t o o t h . A s the n e w t o o t h , i b . c, g r o w s , the p u l p o f the 
o l d one is r e m o v e d ; the o l d t o o t h i t s e l f is n e x t a t tacked , and, 
the c r o w n b e i n g u n d e r m i n e d b y the absorp t ion o f the i n n e r sur
face o f i t s base, m a y be b r o k e n o f f b y a s l i g h t e x t e r n a l fo rce , 
w h e n the p o i n t o f the n e w t o o t h is exposed. T h e f r a i l remains 
o f {he o l d t o o t h are sometimes l i f t e d o f f the socket u p o n the 
c r o w n o f the n e w one, as i n fig. 275 , b, w h e n t h e y are speedily 
removed b y the ac t ion o f the j a w s . 

N o sooner has the y o u n g t o o t h pene t ra ted t h e i n t e r i o r o f the 
o l d one t h a n another g e r m begins to be developed f r o m the angle 
be tween the base o f the y o u n g t o o t h a n d t h e i n n e r alveolar 
process, or i n the same re l a t i ve pos i t ion as t h a t i n w h i c h i ts 
immedia te predecessor began t o r ise , and the processes o f succes
sion and displacement are ca r r i ed on , u n i n t e r r u p t e d l y , t h r o u g h o u t 
the l o n g l i f e o f these co ld-b looded ca rn ivorous Rep t i l e s . 

F r o m the pe r iod o f exc lus ion f r o m the egg, the t ee th o f the 
Crocodi le succeed each o ther i n the v e r t i c a l d i r e c t i o n ; none are 
added f r o m b e h i n d f o r w a r d , l i k e the t r u e molars i n M a m m a l i a . 
I t f o l l o w s , the re fo re , t h a t the n u m b e r o f the t ee th o f the Croco
di le is as grea t w h e n i t first sees the l i g h t as w h e n i t has acqui red 

Section of lower jaw, with four alveoli and teeth, of the black 
Alligator, v. 
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i t s f u l l s i z e ; and , o w i n g to t h e r a p i d i t y o f the succession, t h e 
c a v i t y a t t h e base o f the f u l l y f o r m e d t o o t h is never consolidated. 

T h e foss i l j a w s o f the e x t i n c t Crocodi l ians demonstra te tha t the 
same l a w r e g u l a t e d the succession o f the t ee th a t t he ancient 
epochs w h e n those h i g h l y organised Rep t i l e s p reva i l ed i n greatest 
number s , and u n d e r the mos t v a r i e d gener ic and specif ic m o d i f i c a 
t ions . O f these the most r emarkab le , i n reference to the den ta l 
sys tem, is t h e Galeosaurus, i n w h i c h the w e l l - m a r k e d differences 
o f size a n d shape p e r m i t the d i v i s i o n o f the t ee th , i n b o t h u p p e r 
a n d l o w e r j a w s , i n t o incisors , canines, and molars . T h i s is the 
nearest approach t o a m a m m a l i a n t y p e o f d e n t i t i o n h i t h e r t o ob 
served i n the R e p t i l i a n class. 1 

§ 72. Alimentary canal of Fishes. — T h e c a v i t y , c o m m o n l y 
t e r m e d ( abdomina l , ' w h i c h lodges the m a i n p a r t o f the a l i m e n t a r y 
canal and i t s appendages, seems t o occupy a smal ler p r o p o r t i o n o f 
the t r u n k i n Fishes , fig. 276 , I, h, i, t h a n i n R e p t i l e s , fig. 2 9 2 , 
d, w, b y reason o f the s l i g h t and g r a d u a l c o n t r a c t i o n o f the b o d y 
b e y o n d the v e n t t o f o r m the muscu la r o rgan o f the t a i l - f i n : t he 
grea ter and more a b r u p t con t r ac t i on o f the answerable p a r t i n 
R e p t i l e s d is t inguishes i t more p l a i n l y as the ' t a i l ' ; the ' t r u n k ' 
is u s u a l l y a longer segment o f the b o d y t h a n i n Fishes. I n these, 
howeve r , t he abdomina l c a v i t y commences i m m e d i a t e l y b e h i n d the 
h e a d : i n mos t Rep t i l e s a c n e c k ' in te rvenes . I n Fishes a thorac ic 
or pe r i ca rd i a l c a v i t y , fig. 276 , o, is p a r t i t i o n e d o f f f r o m the f o r e 
p a r t o f the p rope r abdomina l one : and there are i n t h i s class 
excep t iona l examples o f the shortes t abdomina l c a v i t y i n p r o 
p o r t i o n t o the l e n g t h o f the b o d y k n o w n i n the V e r t e b r a t e 
p r o v i n c e , as e. g . i n Gymnotus, fig. 2 3 2 , i n w h i c h the abdomen does 
n o t e x t e n d i n t o the c o m p a r t m e n t , b, m u c h b e y o n d the v e n t , 
w h i c h is seen near the angle o f the c u t i n t e g u m e n t , beneath the 
m a n d i b l e . 

T h e c a v i t y c o n t a i n i n g the b e g i n n i n g o f the a l i m e n t a r y canal is 
ca l l ed t h e ' m o u t h . ' T h i s , i n F ishes , is t he c o m m o n e n t r y and 
ves t ibu le to b o t h the d iges t ive , fig. 276 , d t o g, a n d the r e sp i 
r a t o r y , i b . t, u, organs ; i t i s , t he re fo re , o f g rea t c a p a c i t y : and , as 
the t r ansmiss ion o f the f o o d to t h e s tomach and o f t h e r e s p i r a t o r y 
cu r r en t s t o t h e g i l l s is p e r f o r m e d b y s imi l a r acts o f d e g l u t i t i o n , 
the b o n y arches w h i c h s u r r o u n d the m o u t h are n o t o n l y l a r g e , 
b u t are compl i ca t ed b y a mechan i sm f o r r e g u l a t i n g t h e t r a n s i t 
o f t h e n u t r i t i o u s a n d o x y g e n a t i n g media , each t o i t s respec t ive 
l o c a l i t y . T h e b r a n c h i a l s l i t s , i n mos t F i shes , are p r o v i d e d w i t h 

1 ccxxm. p. 58, pi. I I . 
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dent icles and s ieve- l ike plates or processes, fig. 85 , 63, t o prevent 
the e n t r y o f f o o d i n t o the interspaces o f the g i l l s , and the branchia l * 

out le ts are guarded b y valves w h i c h r e c i p r o c a l l y prevent the 
r e g u r g i t a t i o n o f the r e sp i r a to ry streams back i n t o the m o u t h . 

T h e necessary cooperat ion o f the j a w s w i t h the h y o i d arch i n 
the r h y t h m i c a l movements o f r e sp i r a t ion is i ncompa t ib l e w i t h 
p ro t rac ted m a x i l l a r y mas t i ca t ion ; and , a cco rd ing ly , the branchial 
apparatus renders a compensatory r e t u r n b y g i v i n g u p , as i t were, 
the last pa i r o f i t s arches to the c o m p l e t i o n o f the w o r k , w h i c h the 
proper or an te r io r j a w s w e r e compel led b y t h e i r services to re
sp i ra t ion to leave u n f i n i s h e d : and thus the m o u t h o f t y p i c a l Fishes 
is closed at b o t h ends b y dent igerous j a w s . 1 

T h e first p o r t a l t o the a l i m e n t a r y t r a c t is u s u a l l y f o r m e d b y the 
uppe r and l o w e r j a w s , fig. 276 , a, b, and t h e i r t e e t h : t h e G y m -
nodonts are so cal led o n account o f t he i r conspicuous mani fes ta t ion 
o f th i s character, fig. 258 . I n most Fishes the j a w s are covered 
b y the s k i n , w h i c h , i n passing i n t o the m o u t h , takes o n t h e 
character o f the mucous membrane . I n some Fishes the i n t e g u 
m e n t is f o l d e d before passing over the j a w s , and the arched 
and f o r t i f i e d ba r r i e r is preceded b y a fosse inc losed b y fleshy l ips . 
T h e Wrasses {Labridce), M u l l e t s (Mugilidce), a n d the C a r p - t r i b e 
(Cyprinidce) e x e m p l i f y th i s character. I n Crenilabrus, Chcerops, 
and Julis, the l ips are p l ica ted . I n Mugil labeosus t he t h i c k upper 
l i p has a transverse f o l d . I n some Cyprinidce t he l a b i a l organs 
are developed to excess, as, f o r example , i n the genus thence 
t e r m e d Labeobarbus, i n w h i c h the l ips are n o t o n l y u n u s u a l l y t h i c k 
and fleshy, b u t the l o w e r one is p roduced d o w n w a r d l i k e a pointed 
b e a r d : i t f o r m s a l o n g cone i n Mormyrus Petersii. T h e labiated 
Fishes have no t , howeve r , so d i s t i n c t a 6 sph inc te r o r i s ' as 

1 The Mullets ' take in a quantity of sand and mud, and after having worked it 
for some time between the pharyngeal bones, they eject the roughest and indigestible 
portion of it.' CLXXXV. i i i . p. 411. 
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M a m m a l s : n o r does the s k i n , c o n t i n u e d f r o m the l i p over the j a w , 
show so w e l l t h e character o f the (gum.' M a n y Fishes , especia l ly 
those o f the C y p r i n o i d , M u g i l o i d , and S i l u r o i d f ami l i e s , have 
fleshy and sensi t ive l a b i a l barbs or c i r r i ; those o f the S i lu ro ids 
b e i n g suppor ted b y b o n y or g r i s t l y stems. Tentacles depend 
f r o m the r o s t r a l p r o l o n g a t i o n o f the S tu rgeon , and f r o m the m a n 
d i b u l a r symphys i s o f the Cod . T h e L e p i d o s i r e n and C o d have 
f r i n g e d processes or filaments be tween the t ee th and l i p s , w h i c h 
seem designed to assist i n t e s t i n g and se lec t ing the f o o d . 1 T h e 
l i p s o f mos t Sharks and R a y s are p a r t i a l l y suppor t ed b y l ab i a l 
cart i lages. 

T h e edentulous S t u r g e o n is compensated b y a p roduced ca r t i l a 
g inous snout , w i t h w h i c h i t u p t u r n s the m u d i n quest o f f o o d a t 
t he b o t t o m o f the r i ve r s i t f r e q u e n t s . T h e a l l i ed Spatularia, i n 
w h i c h a m i n u t e l y shagreened surface o n the j a w s represents the 
w h o l e den ta l sys tem, has had the fo rce o f deve lopement o f subs i 
d i a r y organs o f a l i m e n t a t i o n expended i n the p r o d u c t i o n o f the 
s t i l l more r emarkab le r o s t r u m , fig. 276 , y, w h i c h is b road and flat, 
l i k e t h e m a n d i b l e o f a spoonb i l l , and is more t h a n h a l f the l e n g t h 
o f the en t i r e b o d y . O t h e r mod i f i ca t ions and actions o f the m o u t h 
have been no t i ced i n the desc r ip t ion o f t h e j a w s . 

T h e conical l i p o f the suc to r i a l M y x i n o i d s , fig. 248 , sends o f f 
f r o m i t s an te r io r expanded borde r s ix or e i gh t l o n g t e n t a c u l a : t h i s 
bo rde r is f r i n g e d b y numerous c i r r i i n the L a m p r e y , fig. 2 7 7 , the 
i n n e r surface o f the l ips is beset w i t h shor t b ranched tentacles i n 
the A m m o c e t e : the L a n c e l e t has m o r e s imple , b u t h i g h l y vascular 
i n t r a - b u c c a l processes, fig. 169, g, g, a n d t h e v e r t i c a l l y fissured 
aper tu re o f i t s m o u t h is p r o v i d e d o n each side w i t h a series o f 
l o n g slender j o i n t e d and c i l i a t e d t en t acu la , \ h . f , f , w h i c h m a i n l y 
t e n d , b y the pe rpe tua l v o r t e x t h e y cause i n t h e s u r r o u n d i n g 
wa te r , t o b r i n g the an ima lcu l a r n u t r i m e n t w i t h i n t h e grasp o f t h e 
p h a r y n x , ph, the o r i f i ce o f w h i c h is also s u r r o u n d e d b y v i b r a t i l e 
c i l i a . T h e r e is no t ongue i n t h i s r u d i m e n t a r y fish : t h a t o r g a n is 
o f t e n absent or v e r y sma l l i n the t y p i c a l members o f the C las s ; 
i t s basis, t h e g lossohyal , w h e n i t p ro jec t s a t a l l i n t o t h e m o u t h , as 
i n fig. 2 7 6 , c, is r a r e l y covered b y i n t e g u m e n t s so organised as t o 
suggest t h e i r b e i n g endowed w i t h t h e sense o f taste. I n Anguil-
lidcB t he l i n g u a l m e m b r a n e is raised b y some adipose a n d m u s c u l a r 

1 Mr. Couch narrates an instance of a large Cod, in good condition, taken on a 
line at Polperro, Cornwall, in which the orbits contained no eyeballs, but were covered 
with an opake reticulated skin. So that he felt convinced that * eyes never had 
existed ;' yet the fish was in good condition, and must have depended on the tactile 
organs about the mouth for the discovery of its food. xcvm. p. 72. 
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t issue. B u t the surface o f the p r o m i n e n t tongue is general ly 
ca l lous , a n d e i ther smooth and devo id o f papilla?, or, i f the repre

sentat ives o f these be present , t h e y are ca lc i f ied and the tongue is 
beset w i t h t ee th . I t , t h e n , seizes and passes the f o o d on to the 
g u l l e t ; b u t t h e s u p p o r t i n g a rch o f the tongue , fig. 85 , 38-40, works 
c h i e f l y f o r r e sp i r a to ry purposes. I n the L a m p r e y , the tongue, fig. 
2 7 7 , d, is more e x c l u s i v e l y re la ted to the digest ive f u n c t i o n than 
i n h i g h e r F i s h e s : i t can be p r o t r u d e d and re t rac ted , l i k e a piston, 
w h e n the sucker is a t tached to the p r e y ; and i t is a rmed b y small 
serrate t e e t h f o r t e a r i n g the flesh. I n a f e w Fishes the i n t e g u 
m e n t o f t h e palate presents tha t degree o f vascu la r i ty and supp ly 
o f nerves w h i c h indicates some selective sense, analogous to taste. 
I n the C y p r i n o i d s the palate is cushioned w i t h a t h i c k sof t 
vascular substance, e x u d i n g mucus b y numerous m i n u t e pores, 
b u t m o r e r emarkab le f o r i t s i r r i t a b l e erect i le or contract i le 
p r o p e r t y : 1 i f any p a r t o f th i s be p r i c k e d i n a l i v e C a r p , the par t 
rises i m m e d i a t e l y i n t o a cone, w h i c h s l o w l y subsides; th i s peculiar 
t issue is r i c h l y supp l i ed b y branches o f the glosso-pharyngeal 
n e r v e s : i t m a y assist i n the requis i t e movements o f the vegetable 
f o o d , as w e l l as add to i t an an ima l i s ing and so lvent mucus , wh i l s t 
i t is u n d e r g o i n g mas t i ca t ion b y the pharyngea l tee th . I n the 
G y m n o t u s the re are f o u r series o f b ranched fleshy processes i n the 
m o u t h , one u p o n the d o r s u m o f the tongue , a second depending 
f r o m the palate , and one a long each side o f the m o u t h . 

T h e o n l y representat ives o f a sa l ivary system i n Fishes are the 
mucous fo l l i c l e s t h a t communica te w i t h the m o u t h . 2 T h e ch ie f o f 

1 XCIX. 
2 The reddish vascular body, discovered by Retzius (cxxi.) between, the basi-
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these, i n the L a m p r e y , open i n t o a pa i r o f membranous pouches, 
w h i c h discharge the secret ion each b y a smal l o r i f i ce be low the 
side o f the t o n g u e . 1 

T h e r e are ne i the r tonsi ls no r v e l u m p a l a t i i n Fishes : the fo lds 
o f membrane b e h i n d the uppe r and l o w e r j a w s , o f w h i c h (internal 
l i p s ' t h e S w o r d - f i s h and D o r y a f f o r d good examples, seem i n t e n d e d 
t o p r e v e n t the r e f l u x o f the r e sp i r a to ry streams o f w a t e r r a the r 
t h a n the escape o f f o o d f r o m the m o u t h . I n the L e p i d o s i r e n these 
f o l d s or i n n e r l ips are papil lose and g l andu la r . T h a t o f the 
u p p e r j a w i n the K a y has a m a r g i n a l f r i n g e . 

I n the aber ran t Dermopteri and Plagiostomi, at the t w o extremes 
o f the class, i n w h i c h the re are numerous b r a n c h i a l aper tures o n 
each side, and the r e s p i r a t o r y streams do n o t necessari ly enter b y 
the m o u t h , the last pa i r o f b r anch i a l arches are n o t metamorphosed 
i n t o p h a r y n g e a l j a w s , and the e n t r y t o the g u l l e t is s i m p l y con
s t r i c t ed b y a s p h i n c t e r ; i n the L e p i d o s i r e n i t is f u r t h e r defended 
b y a so f t v a l v u l a r f o l d l i k e an e p i g l o t t i s . 2 

T h e a l i m e n t a r y canal is u s u a l l y shor t , s imple , b u t capacious, i n 
F ishes ; i n a f e w instances, e.g. Br-anchiostoma ( f i g . 169, ph, as), 
M y x i n o i d s , 3 Exocetus, Lepidosiren,4 i t extends i n a lmost a s t r a i g h t 
l i n e f r o m the p h a r y n x to the anus : b u t i t is gene ra l ly disposed i n 
f o l d s and sometimes i n numerous convo lu t ions . I n Dermopteri 
t he s tomach is h a r d l y d e f i n e d : i n the res t o f the class the a l i m e n 
t a r y canal is p r i m a r i l y d i v i d e d i n t o a gas t r ic and an i n t e s t i n a l 
p o r t i o n b y the cons t r i c t i on c a l l e d ' p y l o r u s , ' fig. 2 8 1 , c. T h e gas t r ic 
p o r t i o n is s u b d i v i d e d i n t o ' oesophagus,' i b . a, and s tomach, i b . b, 
the b o u n d a r y l i n e b e i n g more c o m m o n l y ind i ca t ed b y a change o f 
s t r u c t u r e o f the l i n i n g membrane t h a n b y a cardiac c o n s t r i c t i o n : 
the i n t e s t i na l p o r t i o n is s ubd iv ided i n t o a e s m a l l ' and a * l a rge 
i n t e s t i n e ; ' t he l a t t e r u s u a l l y a n s w e r i n g t o t h e ' i n t e s t i n u m 
r e c t u m , ' and t h e b o u n d a r y , w h e n w e l l de f ined , b e i n g a cons t r i c 
t i o n and an i n t e r n a l v a l v u l a r f o l d ; b u t v e r y r a r e l y m a r k e d b y 
an e x t e r n a l caecum. F r o m the oesophagus t h e a l i m e n t a r y canal is 
s i tua ted w h o l l y or i n p a r t i n t h e a b d o m i n a l c a v i t y , t o the w a l l s o f 
w h i c h i t is u s u a l l y suspended b y mesogastr ic and mesenter ic 
dup l i ca tu re s o f t h e pe r i t onea l l i n i n g membrane o f the abdomen. 
W h e n n o t w h o l l y so s i tua ted , the p a r t extends b e y o n d t h e p e r i 
t onea l r e g i o n i n t o the muscu la r mass o f t h e t a i l ; a p o r t i o n o f t h e 

branchials and the sterno-hyoid muscles in Cartilaginous Fishes, and which exists also 
in Gadus, Salmo, and some other Osseous Fishes, has been compared to a sublingual 
salivary gland: but it is a " vaso-ganglion " like the thyroid. 

1 ccxxiv. 2 xxxn i . p. 342, fig.y, d. 
3 x x i . Nenrologie, tab. i i i . fig. 6. 4 xxxn i . pi. 25. 
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i n t e s t i ne , f o r example , l ies be tween the r i g h t myocommata and 
the haemal spines i n the Sole. T h e per i tonea l serous membrane, 
w h i c h defines t h e abdomina l c a v i t y , extends an t e r i o r l y to the 
p e r i c a r d i u m , f r o m w h i c h i t is separated b y a double aponeurotic 
sep tum, fig. 2 7 6 , o: i t is c o n t i n u e d a long the back over the vent ra l 
surface o f the k i d n e y s and the a i r -b ladder , w h e n th i s exists, a l i t t l e 
w a y b e y o n d the anus, and is r e f l ec ted u p o n the a l imen ta ry canal, 
i b . d, i, t he l i v e r , / , / , the spleen, n, t he pancreas, k, or i ts caecal 
subs t i tu tes , the ovar ia or testes, and the u r i n a r y bladder , i f this be 
present . I n m a n y Fishes t h e p e r i t o n e u m does n o t f o r m a shut 
sac, b u t communica tes w i t h the e x t e r n a l surface, b y one orifice 
(Br anchio stoma, fig. 169 , od, Lepidosiren, X X X I I I . p i . 25 , fig. 1, 
a), or t w o ( L a m p r e y , E e l , Sa lmon , S tu rgeon , Planirost ra , 
Chimaera, and Plagios tomes , fig. 3 5 2 , p, p), s i tuated, except 
i n the L a n c e l e t , i n or near the c loaca : the membrane i n the 
ne ighbourhood o f these or if ices is beset w i t h v i b r a t i l e c i l ia . 1 

T h e pe r i t onea l orif ices g i v e e x i t t o the generat ive products 
( m i l t or roe) i n the L a n c e l e t , M y x i n o i d s , L a m p r e y s , Muraenidae, 
and Salmonidae, b u t n o t i n the L e p i d o s i r e n and Plagiostomes. 
I n the M y x i n o i d s , A m m o c e t e s , Sturgeons , Chimaerae and P la 
giostomes, the p e r i t o n e u m communicates also w i t h the pe r i 
c a r d i u m . 2 

T h e j a w s and m o u t h are subservient i n most Fishes to the 
r e s p i r a t o r y as w e l l as the d iges t ive f u n c t i o n s : i n the Lancele t , 
t h i s c o m m u n i t y o f offices extends t h r o u g h a great par t o f the 
a l i m e n t a r y canal , w h i c h is d i l a t ed i n t o a capacious sac, and is 
r i c h l y p r o v i d e d w i t h b r a n c h i a l vessels and v i b r a t i l e c i l i a arranged 
a long transverse l inea r c le f t s , b y w h i c h the wa te r escapes i n to a 
s u r r o u n d i n g c a v i t y : ( t he a r r o w a extends f r o m the p h a r y n x in to 
the in tes t ine i n fig. 169 : ) t he oesophageal p o r t i o n o f the a l imen
t a r y canal is here seen to be longer t h a n the who le gastric and 
in t e s t i na l por t ions . I n the Cyclostomes l a t e ra l d ive r t i cu l a are 
de r ived f r o m t h e oesophagus and metamorphosed i n to special 
r e sp i r a to ry sacs, c o m m u n i c a t i n g b y n a r r o w canals b o t h w i t h the 
oesophagus and w i t h the e x t e r n a l surface, fig. 3 1 5 , / , m, h: i n other 
Fishes the r e sp i r a to ry apparatus is more concentra ted and b r o u g h t 
more f o r w a r d , so as to communica te w i t h the pha rynx , and to 
leave the oesophagus f r ee f o r the exc lus ive t ransmiss ion o f food to 
the s tomach. 

T h e oesophagus, fig. 279 , d, is u s u a l l y a shor t and w i d e f u n n e l -
shaped canal w i t h a t h i c k muscu la r coat and a smooth epi the l ia l 

i ccxxxiv. p. ,360 2 i „ 
v LXIX. pi. 8. 
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l i n i n g , more or less l o n g i t u d i n a l l y f o l d e d to a d m i t o f increased 
capaci ty f o r t h e d e g l u t i t i o n o f t h e o f t e n unmast ica ted or u n d i v i d e d 
food . T h e muscu la r fibres are a r ranged i n d i f f e r e n t f a s c i c u l i , t he 
ou te r ones b e i n g u s u a l l y c i r cu l a r , t he i n n e r ones l o n g i t u d i n a l . 
Some f a s c i c u l i f r o m the abdomina l vertebrae are a t tached to the 
oesophagus i n the Cottus scorpius.1 T h e cardiac h a l f o f the 
oesophagus is characterised b y increas ing w i d t h i n mos t Cyprin-
idcB, and b y a more vascular or o therwise m o d i f i e d t e x t u r e i n 
the Pharyngognathi, Lophobranchii, the Gob io ids , B lenn ie s , 
F l y i n g - f i s h , G a r f i s h , and some others. T h e i n n e r surface o f the 
oesophagus sends o f f shor t processes, p a p i l l i f o r m i n Box and Casio, 
obtuse i n Acipenser2 h a r d and almost t o o t h - l i k e i n Rhombus xan-
thurus, Stromatceus fiatola, and Tetragonurus. T h e i n n e r surface 
o f the g u l l e t presents l o n g i t u d i n a l papil lose r idges i n Planirostra. 
B u t the most s t r i k i n g pecul ia r i t ies o f the oesophagus are m e t w i t h 
i n the Plagiostomes. A layer o f g r e y parenchymatous substance 
is in terposed be tween the muscu la r and i n n e r coats a t t he cardiac 
h a l f o f the oesophagus i n the Torpedo. N u m e r o u s p y r a m i d a l 
r e t rove r t ed processes, j a g g e d or f r i n g e d a t t h e i r e x t r e m i t y , p r o j e c t 
f r o m the i n n e r surface o f the oesophagus i n the D o g - f i s h (Spinax 
acanthias),3 and some o ther Sharks , fig. 278 , a. I n the grea t B a s k i n g 
Shark (Selache) t he homologous processes near the cardia acqui re 
unusua l l e n g t h , d i v i d i n g and s u b d i v i d i n g as t h e y e x t e n d i n w a r d s , 
so t ha t the cardiac open ing is su r rounded b y r a m i f i e d t u f t s d i r ec ted 
towards the s tomach. 4 T h i s v a l v u l a r mechanism, fig. 278 , b, w o u l d 
p reven t the r e t u r n o f such fishes or m o l l u s k s as m a y have been 
swa l lowed a l ive and u n i n j u r e d b y the smal l obtuse t e e t h o f t h i s 
grea t Shark . I n m a n y Osseous Fishes w e m a y , finally, no t ice 
the communica t i on o f the ' duc tus p n e u m a t i c u s ' w i t h the oeso
phagus, u s u a l l y b y a sma l l s imple f o r a m e n ; b u t p r o v i d e d w i t h 
special muscles i n the L e p i d o s t e u s , w h e r e i t opens u p o n t h e 
dorsal aspect o f the oesophagus, and w i t h a sphinc ter a n d car t i l age 
i n the P o l y p t e r u s , and L e p i d o s i r e n , w h e r e i t communica tes l i k e a 
t r u e g l o t t i s w i t h t h e v e n t r a l surface o f the b e g i n n i n g o f t h e 
oesophagus. I n the Globe- f i shes (Diodon, Tetrodon) t h e g rea t 
air-sac seems t o be a more d i r e c t developement , as a c u l de sac, 
o f t he oesophagus. 5 These s ingu la r fishes b l o w themselves u p 
b y s w a l l o w i n g the a i r , w h i c h escapes t h r o u g h a l a rge an t e r i o r 
o b l i q u e o r i f i c e i n t o the sac: and th i s aga in communica tes w i t h 

1 XCIX. 
3 lb. prep. no. 664. 
5 Ib. vol. i i i . p. 271, pi. 47, preps, nos. 2093 

2 xx. vol. i . p. 126, prep. no. 463. 
4 Ib. prep. no. 464. A. 

—2095. 
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the f o r e p a r t o f the oesophagus b y a second o r i f i ce m u c h smaller 
t han the f i r s t , and h a v i n g a t u m i d v a l v u l a r m a r g i n . 

T h e cardiac or i f i ce o f the s tomach is occasionally def ined b y a 
cons t r i c t ion , as i n the P l a n i r o s t r a and M o r m y r u s , fig. 2 8 0 : b u t 
an increased expansion w i t h increased vascu la r i t y and a more 
debcate ep i the l ia l l i n i n g o f the mucous membrane more usua l ly 
indica te , i n Fishes, t he b e g i n n i n g o f the digest ive cav i ty . T h e 
stomach is a s imple and c o m m o n l y an ample c a v i t y , w i t h a 
great d i sp ropor t ion i n the diameters o f the cardiac and p y l o r i c 
o r i f i c e s ; i n the Corn i sh Porbeag le -Shark , f o r example , the cardiac 
e n t r y w i l l r e a d i l y a d m i t a chi ld 's head, w h i l s t the p y l o r i c o u t l e t 
w i l l ba re ly a l l o w o f the passage o f a c r o w - q u i l l . 

The re are t w o p redominan t fo rms o f the s tomach i n Fishes , v i z . 
the c s i phona l ' and the ' caecal.' I n the first i t presents the f o r m o f 
a ben t tube or canal, as i n the T u r b o t , fig. 287 , a, b, F l o u n d e r , 
Sole, C o d , H a d d o c k , Sa lmon, fig. 286, a, b, C a r p , T e n c h , I d e , L u m p -
fish, F i l e - f i s h , Lepidos teus , S tu rgeon , Paddle - f i sh , and most P l a g i o 

stomes, fig. 2 7 8 : i n the second f o r m the cardiac d i v i s i o n o f the 
stomach terminates i n a b l i n d sac, and the shor t p y l o r i c p o r t i o n is 
con t inued f r o m i t s r i g h t side, as i n the P e r c h , the Scorpama, the 
Gurna rds , the Bu l l -heads , the Smel ts , the A T h i t i n g , fig. 285 , the 
A n g l e r , the P i k e , the L u c i o p e r c a , the S w o r d - f i s h , fig. 2 8 2 , the 
S i lu rus , the H e r r i n g , the Spra t , fig. 288 , the P i l c h a r d , the 
Conger , the Muraena, and the P o l y p t e r u s , fig. 279 . A t r ans i 
t i o n a l f o r m , i n w h i c h the p y l o r i c end is b e n t ° s o a b r u p t l y u p o n 
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Stomach and pan
creas, Polypterus. 

the cardiac as t o make the caecal character o f the l a t t e r d o u b t f u l , 
is presented b y the shor t and capacious stomach o f the B u r b o t , the 
B l e n n y , a n d t h e G y m n o t u s . I n the M o r m y r u s 
the s tomach presents the rare f o r m o f a g l o b u l a r 
sac, fig. 2 8 0 , e. I n the s iphonal s tomach o f the 
Cyprinidce and Balistidce t he p y l o r u s is l i t t l e i f a t 
a l l d i scern ib le , and the t r a n s i t i o n i n t o in tes t ine is 
g radua l . I n the Sa lmon the in tes t ine is i nd ica t ed 
b y the p y l o r i c appendages, fig. 286 , c: i n the 
Sharks there is a t r u e p y l o r u s , and i n Selache, fig. 
278 , an in terposed pouch . W h e r e the caecal cha
rac ter o f the stomach is w e l l m a r k e d , the l e n g t h o f 
the b l i n d end o f the cardia varies considerably . 
I n the T u r b o t i t is w i d e and shor t , fig. 287 , h : 
i n the Sand-lance (Ammodytes) i t is v e r y la rge : i n 
the P o l y p t e r u s , fig. 279 , e, Conger , and S w o r d -
fish, fig. 282 , i t f o r m s a lmost the w h o l e o f the 
e longated s tomach, the shor t p y l o r i c p o r t i o n , fig. 2 7 9 , / , b e i n g 
con t inued f r o m near i t s c o m m e n c e m e n t : i n the e q u a l l y e longated 
stomach o f the P i k e , the p y l o r i c p o r t i o n is c o n t i n u e d f r o m the 
cardiac sac a t a l i t t l e distance f r o m i t s b l i n d e n d ; the H e r r i n g , 
Spra t , fig. 2 8 8 , W h i t i n g , fig. 2 8 5 , G u r n a r d , a n d Scorpaena show 
an in t e rmed ia t e pos i t ion o f the p y l o r i c p o r t i o n , and th i s is u s u a l l y 
a t t ended w i t h a shorter and w i d e r f o r m o f the cardiac caecum. 
T h e p y l o r i c p o r t i o n is u s u a l l y slender, fig. 2 7 8 , c, or con ica l , figs. 
2 8 5 , 287 ; b u t i t di lates i n t o a w i d e sac i n Sargus and Lophius ; 
and f o r m s a smal l ova l pouch i n Trachypterus. 

I n c e r t a in Fishes the s tomach deviates f r o m the t y p i c a l f o r m s 
e i ther i n t o the ex t reme o f s i m p l i c i t y or t h e 
converse, w i t h o u t , howeve r , a t t a i n i n g i n a n y 
species t h a t degree o f c o m p l e x i t y w h i c h 
characterises some o f the h igher -o rgan i sed 
Ver t eb ra t e s . A p r o p e r gas t r ic c o m p a r t m e n t o f 
the a l i m e n t a r y canal cannot be said t o ex i s t i n 
the L a n c e l e t : t he l o n g caecum, fig. 169, hd, I, 
c o n t i n u e d f r o m i t j u s t b e y o n d t h e cardia , 
appears t o be a s imple f o r m o f l i v e r . I n the h i g h e r Dermopteri, 
as t h e Sand-pr ides , t he M y x i n e s , a n d the L a m p r e y s , as also 
i n Cobitis and Lepidosiren, the s tomach is c o n t i n u e d s t r a i g h t 
f r o m t h e oesophagus to the in tes t ine . I have f o u n d t h e capa
cious cardiac d i v i s i o n o f the s tomach o f the L o p h i u s p a r t i a l l y 
d i v i d e d i n t o t w o sacs; the u n u s u a l l y w i d e a n d sho r t p y l o r i c 
p o r t i o n f o r m i n g a t h i r d sac: t he re m a y also be observed a f e w 
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obtuse processes f r o m the i nne r side o f the cardia i n th i s fish. I n 
the G i l l a r o o T r o u t the ascending or p y l o r i c h a l f o f the ben t or 
s iphonal stomach has i t s muscu la r parietes u n u s u a l l y th i ckened , 
b y w h i c h i t is enabled to bru ise the shells o f the smal l fluviatile 
testaceans t ha t abound i n the streams to w h i c h th i s v a r i e t y o f 
t r o u t is pecu l ia r . 1 T h e p y l o r i c p o r t i o n o f the stomach is v e r y 
muscular i n the I n d i a n W h i t i n g (Johnius), and i n some species o f 
Scomber : b u t the m o d i f i c a t i o n w h i c h gives the stomach the t r u e 
character o f a g izzard is best seen i n the M u l l e t s (Mugit). T h e 
cardiac p o r t i o n here fo rms a l o n g c u l de sac; the p y l o r i c pa r t is 
con t inued f r o m the cardiac end o f th is at r i g h t angles, and is o f a 
conical figure e x t e r n a l l y ; b u t the c a v i t y w i t h i n is reduced almost 
t o a l inear fissure b y the great developement o f the muscular 
parietes, w h i c h are an i n c h t h i c k a t the base o f the cone ; and th i s 
par t is l i n e d b y a t h i c k h o r n y e p i t h e l i u m . 2 I n the H e r r i n g the duc tus 
pneumaticus o f the swim-bladder is con t inued f r o m the a t tenua ted 
e x t r e m i t y o f the cardiac end o f the stomach, fig. 2 8 1 , b. I n the 
Bask ing-sha rk the contracted p y l o r i c d iv i s ion o f the stomach, figs. 
278 , c, and 284 , f , communicates b y a n a r r o w aper ture w i t h a 
second smal l rounded c a v i t y , fig. 2 8 4 , / ' , w h i c h opens b y a n a r r o w 
p y l o r u s i n t o the shor t and capacious duodenum, fig. 278 , f , 284 , g. 

Such are the observed extremes o f the modi f ica t ions o f the 
s tomach i n Fishes , w h i c h i t w i l l be seen, the re fo re , are f a r f r o m 
according w i t h or pa r a l l e l i ng those o f the den ta l system. The re 
is o f t e n , indeed, no essential d i f ference o f f o r m i n the s tomach o f 
a fish w i t h exc lus ive ly l a n i a r y t ee th , e. g . the carn ivorous Sa lmon, 
and i n t h a t o f one w i t h exc lus ive ly mola r t ee th , e. g . the h e r b i 
vorous Carp . T h e ^Etobates, whose t ee th f o r m a c r u s h i n g 
pavement , has a stomach s imi la r i n shape and size to t h a t i n the 
common B a y , i n w h i c h every t o o t h is conical and sharp-pointed . 

T h e i nne r surface o f the stomach presents f e w modi f ica t ions i n 
F i shes : i t is u sua l ly s m o o t h ; r a r e l y r e t i cu l a t e , as i n the G y m 
notus ; s t i l l more r a r e l y papil lose. T h e l i n i n g membrane is 
t h r o w n i n t o w a v y l o n g i t u d i n a l rugae i n the cardiac p o r t i o n o f 
the stomach o f most Sharks , fig. 278. T h e gastr ic fo l l i c l e s are 
conspicuous, especially i n the p y l o r i c p o r t i o n o f the stomach i n 
m a n y Fishes , as, e. g . , the G u r n a r d s , B lenn ies , and L u m p - s u c k e r s . 
T h e c i rcu la r p y l o r i c va lve is c o m m o n l y w e l l developed, and has 
sometimes a fimbriated m a r g i n . T h e so lvent power o f the gastric 
secretion is conspicuously e x e m p l i f i e d i n Fishes : i f a voracious 
species be cap tured a f t e r h a v i n g swal lowed i t s p r e y , the pa r t lodged 
i n the stomach is u sua l l y f o u n d more or less dissolved, w h i l s t 

1 xcu. p. 126. 2 xx, vol. i . p. 141, prep. no. 502. 
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tha t w h i c h is i n t h e oesophagus m a y be en t i re ; and, i n specimens 
dissected some hours a f t e r dea th , one m a y observe w h a t H u n t e r 
so w e l l describes, ' t he d iges t ing p a r t o f the s tomach i t s e l f reduced 
to the same dissolved state as the digested p a r t o f the f o o d . ' 1 

T h e muscu la r ac t ion o f a fish's s tomach consists o f v e r m i c u l a r 
cont rac t ions , c reep ing s l o w l y i n cont inuous succession f r o m the 
cardia t o the p y l o r u s ; and impress ing a t w o f o l d g y r a t o r y m o t i o n 
o n the con t en t s : so t ha t , w h i l e some por t ions are proceeding to 
the p y l o r u s , o ther por t ions are r e t u r n i n g towards the cardia. 
M o r e d i r ec t cons t r i c t ive and d i l a t i ve movements occur , w i t h i n 
te rva ls o f repose, a t b o t h the or i f ices , the v i t a l con t rac t ion b e i n g 
antagonised b y pressure f r o m w i t h i n . T h e p y l o r u s has the power , 
v e r y e v i d e n t l y , o f c o n t r o l l i n g t h a t pressure, and o n l y por t ions o f 
comple t e ly c o m m i n u t e d and digested f o o d ( c h y m e ) are p e r m i t t e d 
to pass i n t o the in t e s t ine . T h e cardiac o r i f i ce appears to have less 
c o n t r o l over the contents o f the s t o m a c h ; coarser por t ions o f the 
f o o d f r o m t i m e t o t i m e r e t u r n i n t o the oesophagus, and are b r o u g h t 
aga in w i t h i n the sphere o f the p h a r y n g e a l j a w s , and subjected to 
t h e i r mas t i ca to ry and c o m m i n u t i n g operat ions. T h e Fishes w h i c h 
a f f o r d the best evidence o f th i s r u m i n a t i n g ac t ion are the C y -
p r i n o i d s , ( C a r p , T e n c h , B r e a m , ) caught a f t e r t h e y have f e d 
vo rac ious ly on the g r o u n d - b a i t p r e v i o u s l y l a i d i n t h e i r f e e d i n g 
haun t s to insure the angler good sport . A C a r p i n t h i s predica
m e n t , l a i d open, shows w e l l and l o n g the per i s ta l t i c movements 
o f t he a l i m e n t a r y c a n a l ; and the successive r egurg i t a t ions o f the 
gas t r ic contents produce actions o f the p h a r y n g e a l j a w s as the 
h a l f - b r u i s e d gra ins come i n t o contact w i t h t h e m , and exc i te the 
s ingu la r t u m e f a c t i o n a n d subsidence o f the i r r i t a b l e palate , as 
po r t ions o f t h e r e g u r g i t a t e d f o o d are pressed u p o n i t . T h e 
shortness and w i d t h o f t h e oesophagus, t h e mas t i ca to ry me
chanism a t i t s commencement , and i t s d i r ec t t e r m i n a l c o n 
t i n u a t i o n w i t h t h e cardiac p o r t i o n o f the s tomach, relate t o the 
c o m b i n a t i o n o f an act analogous to r u m i n a t i o n , w i t h the o r d i n a r y 
processes o f d iges t i on , i n a l l F i shes possessing those concatenated 
a n d p e c u l i a r s t ruc tu res . Somet imes the Fishes , as, f o r example , 
t h e S t u r g e o n , t h e P a d d l e - f i s h , t h e D o g - f i s h , a n d the Selache, 
whose oesophagus is best organised to p r e v e n t r e g u r g i t a t i o n f r o m 
the s tomach, are d e v o i d o f the p h a r y n g e a l j a w s and t ee th . 

F i shes d isgorge t h e shells a n d o ther i nd iges t i b l e par ts o f t h e i r 
f o o d : and w h e n hooked or ne t t ed , sometimes e m p t y t h e i r s tomach 
b y an i n s t i n c t i v e act o f fea r , or t o f a c i l i t a t e escape b y l i g h t e n i n g 
t h e i r load . 

1 xcu. p. 120. 
E E 2 



420 ANATOMY OF VERTEBRATES. 

T h e in t e s t ina l canal ' is shorter i n Fishes genera l ly t han i n the 
h ighe r Ve r t eb ra t e s : i n the D e r m o p t e r i , P l a g i o s t o m e s , H o l o c e p h a l i , 
SturionicUe, Padd le - f i sh , fig, 276 , / t o i, the L e p i d o s i r e n , 1 the 
F l y i n g - f i s h , the L o a c h , the G a r p i k e , the W o l f - f i s h , the Sa lmon, 

the H e r r i n g , fig. 2 8 1 , and the apodal fishes, i t is shorter t h a n the 
body i t s e l f : i n some o f the above-ci ted examples the in tes t ine 
extends i n a s t r a igh t l i n e from the p y l o r u s to the anus, fig. 2 8 1 , 
c, e, f ; i n most fishes i t presents t w o or three fo lds ; the Sun- f i sh 
( Orthagoriscus) shows about s ix l o n g i t u d i n a l ones : t he in tes t ine 
is sinuous i n the S w o r d - f i s h , fig. 282 , e, f ; concen t r i ca l l y and 
subsp i ra l ly w o u n d i n the M u l l e t , i n w h i c h the convo lu t ions are 
numerous and f o r m a t r i a n g u l a r mass ; and i t is i n t h i s f u c i v o r o u s 
fish, i n t he Chaetodonts, and the C a r p - t r i b e , t h a t the i n t e s t i n a l 
canal a t ta ins i t s greatest l e n g t h i n the present class. 

W i t h a f e w except ions, o f w h i c h the 
D e r m o p t e r i and the L e p i d o s i r e n are 
examples, the intest ines are d i v i d e d 
i n t o ' smal l , ' and ' l a rge . ' T h e b e g i n -
n i n g o f the smal l in tes t ine , t o w h i c h is 
a r b i t r a r i l y g i v e n the name o f e duode
n u m , ' fig. 278 , i, fig. 2 8 1 , c, e, is u s u a l l y 
w i d e r t h a n the rest o f t h a t d i v i s i o n 
o f the c a n a l : i t receives the ducts o f 
the l i v e r and pancreas ; and , i n most 
Osseous Fishes , t h a t o f the caeca, fig. 
2 8 1 , d, w h i c h are u sua l l y t e r m e d , f r o m 
t h e i r c o m m u n i c a t i o n w i t h , or develope
m e n t f r o m , the commencement o f the 
smal l in tes t ine , c appendices pyloricae. 
T h e t e r m i n a t i o n o f the smal l in tes t ine 
is c o m m o n l y m a r k e d b y a c i r cu la r 
va lve . I n the Bogue -b ream (Box 

xxxui. pi. 25. figs. 1 and 2. 

Diagram of digestive organs, Xiphias 
xxvm. 
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vulgaris) and the F l o u n d e r , there is a smal l caecal process a t 
the commencement o f the la rge i n t e s t i n e ; there are t w o shor t 
caeca at the same p a r t i n Box Salpa.1 T h e la rge in tes t ine is 
u s u a l l y shor t and s t r a i g h t Fishes , an swer ing to the r e c t u m 
o f h ighe r animals , fig. 282 , f , g . I n some Fishes , e. g . , Salmo, 
Clupea, JEsox, Anableps, Anarrhichas, and the G y m n o d o n t s , i t 
preserves the same diameter as the smal l in tes t ine , and the 
t e r m £ l a r g e ' becomes a r b i t r a r y : i n Gasterosteus, Centriscus, Ostra-
cion, Balistes, and Syngnathus, i t is even n a r r o w e r t h a n the 
c sma l l i n t e s t i n e ; ' b u t most c o m m o n l y i t is w i d e r , as i n the 
P e r c o i d f a m i l y , t he G u r n a r d s (Triglidce), the Breams (Sparidce), 
Scicena, Scomber, Cottus, Labrus, Pleuronectes, Gadus, Lophius, 
Cyclopterus, the Siluridce, the Plagiostomi, and the Planirostra, 
fig. 276 , h. 

T h e tun ic s o f the i n t e s t i n a l canal consist i n Fishes , as i n o ther 
Ver t eb ra t e s , o f the pe r i t onea l or serous, the muscu la r , and the 
mucous coats, w i t h t h e i r i n t e r v e n i n g ce l lu l a r connec t ing layers , 
a n d the ep i the l i a l l i n i n g ; t he muscu la r and mucous coats are 
c o m m o n l y t h i c k e r and o f a coarser character t h a n i n the w a r m 
blooded classes; p i g m e n t a l cells are n o t u n f r e q u e n t l y developed 
i n the serous coa t ; t h e ep i the l i a l scales o f the in tes t ine o f the 
L a n c e l e t suppor t v i b r a t i l e c i l i a . 

T h e muscu la r fibres are a r ranged i n a t h i n ou te r l o n g i t u d i n a l and 
a t h i c k i n n e r c i r c u l a r s t r a t u m ( S t u r g e o n ) ; 2 the e lementa ry fibres 
i n genera l present the smooth character o f those o f the i n v o l u n 
t a r y s y s t e m ; b u t B e i c h e r t 3 has detected the t ransverse ly s t r ia ted 
fibre i n the muscu la r t u n i c o f the w h o l e t r a c t o f the in tes t ine 
i n the T e n c h . 

T h e mucous membrane presents numerous modi f i ca t ions , some 
o f t h e m more c o m p l e x and r e m a r k a b l e t h a n i n any o f the h i g h e r 
Ver t eb ra t e s . I t is c o m m o n l y t h i c k a n d g l a n d u l a r , and a lways 
h i g h l y vascular . I n the sma l l in tes t ines i t presents, i n some 
Fishes ( C o d ) , 4 a smooth a n d even s u r f a c e ; i n some i t is 
p roduced i n t o o b l i q u e l y l o n g i t u d i n a l or w a v y f o l d s ; 5 i n t h e 
H e r r i n g i t presents feeble t ransverse rugae; i n m a n y Fishes i t is 
r e t i c u l a t e , as i n the W o l f - f i s h 6 and Murcena;7 t h i s character is 
present i n t h e p e c u l i a r l y t h i c k and p a r e n c h y m a t o i d mucous t u n i c 
o f t he s m a l l i n t e s t ine o f the S t u r g e o n , w h e r e the l a rge r meshes 
i n c l u d e i r r e g u l a r spaces, s u b d i v i d e d i n t o smal ler ce l l s . 8 I n a f e w 
F ishes the mucous membrane is coarsely v i l lose or papi l lose. I n 

1 xxxni. t. vi. pp. 624, 270. 8 xx. vol. i. p. 200, preps, nos. 637, 639. 3 xcm. p. 26. 
4 xx. vol. i . p. 199, prep. no. 633. 5 Ib. Turbot, prep. no. 634, Salmon, prep. no. 635. 
0 Ib. prep. no. 630. 7 Ib. prep. no. 631. 8 Ib. prep. no. 638. 
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Or thagor iscus i t is b o t h r e t i cu l a t e and v i l l o u s , the v i l l i b e i n g 
longest at the b e g i n n i n g o f the canal. T h e r e is o f t e n a w e l l -
m a r k e d dif ference i n the character o f the l i n i n g membrane o f the 
smal l and large intest ines : t hus , i n the Sa lmon, the rugae become 
f e w e r , l a rger , and less ob l ique as t h e y approach the r e c t u m ; the 
commencement o f th i s in tes t ine is m a r k e d b y a la rge transverse 
f o l d or c i r cu la r va lve , w h i c h is succeeded b y several others less 
p roduced , and resembl ing the valvulae conniventes i n the h u m a n 
j e j u n u m . 1 T h e s t ra igh t * large intestine," w h i c h is r e l a t i v e l y 
longer i n the A m i a , P o l y p t e r u s , Paddle- f i sh , fig. 2 7 6 , h , i, S tu rgeon , 
and Chimaerae, is characterised b y the c o n t i n u i t y o f such transverse 
fo lds as those i n the Sa lmon, p r o d u c i n g an u n i n t e r r u p t e d sp i ra l 
va lve o f the mucous membrane. I n the L e p i d o s i r e n the en t i re 
t r ac t o f the s t ra igh t and short in tes t ine is t raversed b y th i s pecu 
l i a r l y piscine extension o f the inne r coat. 2 T h e sp i ra l va lve 
characterises the large in tes t ine , fig. 278, h, i n a l l the Plagiostomes, 
and establishes the essential d i f ference be tween the short and 
apparen t ly s imple in t e s t ina l canal o f these car t i laginous fishes, a n d 
tha t o f the low-organised M y x i n o i d species. 

T h e t r u e homologue o f the smal l in tes t ine is e x t r e m e l y short i n 
the Plagiostomes ; i t is n a r r o w i n the R a y s , expanded and some
t imes sacci form, fig. 284 , g, i n the Sharks , whe re i t seems to f o r m 
the commencement o f the suddenly expanded large i n t e s t i n e : 
th is is s t ra igh t , and t h o u g h c o n s t i t u t i n g the ch ie f ex ten t o f the 
in t e s t ina l canal , i t is v e r y shor t i n p r o p o r t i o n t o the b o d y : n o t 
exceeding, f o r example , one e i g h t h o f the en t i re l e n g t h o f the 
body i n the Alopias o r F o x - s h a r k . T h e economy o f space i n 
the abdomina l c a v i t y is , however , effected at the expense o f the 
serous and muscular coats, n o t o f the mucous membrane . T h e 
r e q u i r e d ex t en t o f secret ing and absorb ing superficies is ga ined 
b y ra i s ing or d r a w i n g i n w a r d s , f r o m the i n t e s t i na l parietes, the 
mucous membrane i n a b road f o l d at the b e g i n n i n g o f the laro-e 

O © © 
in tes t ine , and c o n t i n u i n g i t i n sp i ra l vo lu t i ons to near the anus. 
T h e coils m a y be ei ther long i tn id ina l and w o u n d v e r t i c a l l v about 
the axis o f the i n t e s t i na l c y l i n d e r , or t h e y m a y be transverse t o 
t ha t axis. I n the first case, w h e n the g u t is s l i t open l eng thwi se , 
the w h o l e ex ten t o f the f o l d m a y be unco i l ed and spread o u t as a 
b road sheet ; and, i f the g u t be d i v i d e d t ransverse ly , t he cu t 
edges o f the va lve present a sp i ra l d i spos i t ion , as i n fig. 283. 
T h e l o n g i t u d i n a l f o r m o f the sp i ra l va lve m a y be seen i n the 
squaloid genera Carcharias, Scoliodon, Galeocerdo, Thalassorhinus, 

1 x x TOI. i . p. 199, prep. no. 635. 2 xxxni . p. 343, pi. 25, fig. 2. 
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and Zygcena.1 I n the second and more common m o d i f i c a t i o n , the 
f o l d o f mucous membrane is disposed i n close 
transverse coils , as s h o w n i n the l o n g i t u d i n a l 
section o f the Selache's g u t , fig. 284 , h; and a 
transverse section exposes o n l y the flat surface o f 
one o f the coils. I n the F o x - s h a r k {Alopias 
Vulpes); t he va lve describes t h i r t y - f o u r c i r c u m - spiral vaive, zygoma. 

gyra t ions w i t h i n seven inches' e x t e n t o f the 
i n t e s t i n e ; the mucous membrane is m i n u t e l y honeycombed : a 
f e w scattered fibres o f elastic or i n v o l u n t a r y muscula r tissue m a y 
be t raced i n the vasculo-cel lu lar 
l aye r i nc luded w i t h i n the mucous 
f o l d , and t h e y f o r m a slender band 
w i t h i n the f r ee border o f the va lve , 
r e t a i n i n g m u c h e las t ic i ty i n the dead 
in tes t ine , and d r a w i n g t h a t border 
i n t o festoons. Besides Selache, fig. 
284 , h, and Alopias, the sp i r a l va lve 
is t ransverse i n Galeus, Lamna, and 
a l l the Dog-f i shes (Scylliidce and 
Spinacidoi). T h e t r u n k o f the ' a r te r ia 
meseraica in tes t ina l i s , ' and t h a t o f 
the cor responding veins o f the l o n g i 
t u d i n a l l y c o n v o l u t e d va lve , r u n a long 
i t s f r ee t h i c k e n e d border , and the 
v e i n q u i t s i t s commencement t o j o i n 
the vena p o r t a ? : 2 the a r t e r i a l and venous t r u n k s o f the t r ans 
verse ly sp i ra l va lve are e x t e r n a l t o the g u t . 

O n e m a y connect the p e c u l i a r i t y o f the sp i ra l va lve w i t h the 
necessity f o r r e d u c i n g the mass and w e i g h t o f the abdomina l 
contents i n the ac t ive h i g h - s w i m m i n g Sharks , w h i c h have no 
s w i m - b l a d d e r : the essential p a r t o f an in tes t ine be ing ' i t s secern
i n g and abso rb ing surface, w e see i n t h e m the r equ i s i t e e x t e n t o f 
the vasculo-mucous membrane packed i n the smallest compass, a n d 
associated w i t h the least possible q u a n t i t y o f accessory muscu la r 
and serous t u n i c s , b y the modi f i ca t ions above described. A n a l o g o u s 
ones ex i s t , howeve r , i n o ther P lag ios tomes , and i n the L a m p r e y , 
t o w h i c h the above phys io log i ca l exp l ana t i on w i l l n o t a p p l y ; a n d 
t h e s p i r a l v a l v e is associated w i t h the a i r -b ladder i n some o f the 
h i g h l y organised Ganoids , and i n the L e p i d o s i r e n . Never the less , 

1 X L V I . t. iv. p. 314 ; t. xcvi. p. 277, pi. 2 and 3. 
probably from Scoliodon. 

2 Duvernoy, xcvm. p. 274, pi. 10. 

See also, xx. prep. no. 645 ; 
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i t is t o be r e m a r k e d t h a t the i n t e s t i na l canal is shortest , a n d 
the sp i r a l v a l v e mos t complex and extens ive , i n the Sharks . 
I n b o t h these and the R a y s , the va lve subsides at a shor t distance 
f r o m the anus ; and i n t o the back p a r t o f t h i s t e r m i n a l p o r t i o n o f 
t h e r e c t u m an e longated caecal process w i t h a g l andu la r i nne r 
surface opens fig. 352 , i. T h e anus i t s e l f communicates w i t h the 
f o r e p a r t o f a l a rge cloacal c a v i t y i n the Plagiostomes. I n o ther 
F ishes , whe re i t opens d i s t i n c t l y u p o n or near the ex t e rna l surface, 
i t is an te r io r i n pos i t i on t o the or i f ices o f ov iduc t s , or sperm-
ducts , fig. 2 8 1 , f , and o f the u te rus or u r i n a r y b l a d d e r ; the 
L e p i d o s i r e n has the p e c u l i a r l y i c h t h y i c a r rangement o f the anal , 
g e n i t a l , and u r i n a l ou t l e t s . 1 

I n the D e r m o p t e r i the i n t e s t i na l canal is r a the r closely a t tached 
t o the back o f the abdomen, t h o u g h the p r i m i t i v e l y cont inuous 
mesenter ic f o l d becomes reduced i n the L a m p r e y s t o filamentary 
processes accompanying the mesenter ic vessels. A s imi la r r educ
t i o n o f the mesen te ry to detached membranous bands occurs i n 
t h e S y n g n a t h i a n d Cypr in idae . T h e mesentery is en t i re i n the 
L e p i d o s i r e n , t he Plagios tomes, a n d m a n y other F i s h e s : i t is 
u s u a l l y s ingle and con t inuous f r o m the s tomach to t h e end o f the 
i n t e s t i n e : there are t w o pa ra l l e l mesogastries i n the E e l , and a 
k i n d o f omen ta l a c c u m u l a t i o n o f adipose m a t t e r is sometimes 
f o u n d a long the v e n t r a l surface o f the i n t e s t i nes : a second mesen
t e r y is c o n t i n u e d f r o m th i s p a r t o f the in tes t ine t o the v e n t r a l 
parietes o f the abdomen i n the M u r a m a . 

T h e pos i t i on o f t h e cloacal o u t l e t var ies m u c h i n Fishes : i n 
some o f the j u g u l a r species i t f o l l o w s the v e n t r a l fins t o t h e 
r e g i o n o f the t h r o a t ; and i n the apodal G y m n o t u s , fig. 2 3 2 , i t is 
p laced so f a r f o r w a r d as to r e m i n d us o f the pos i t i on o f the 
exc r e to ry o u t l e t i n the Cephalopods. I t is beneath the pectorals 
i n the Amblyopsis spelczus: b u t the more n o r m a l pos te r ior pos i t i on 
o f t h e v e n t obtains i n most abdomina l a n d a l l ca r t i l ag inous 
Fishes . 

P e t r i f i e d fasces or 4 c o p r o l i t e s ' g i v e some i n s i g h t i n t o the s t ruc 
t u r e o f the i n t e s t i n a l canal i n e x t i n c t species o f F i s h e s : some 
t h a t have been f o u n d i n the ske le ton o f the abdomen o f the 
g rea t Macropoma o f the K e n t i s h C h a l k , and detached coprol i tes 
associated w i t h t h e scales and bones o f the more ancient 
Meyalichthys, i nd ica te b y t h e i r ex t e r i o r sp i r a l grooves t h a t these 

1 xxxni. pi. 25, fig. 1, m, n, o, 1. The Branchiostoma offers no exception to this 
rule ; the opening by which the ova and semen are expelled is a common peritoneal 
outlet. 
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ancient Ganoids , l i k e t h e i r m o d e r n representa t ive , the Polypterus, 
possessed t h e sp i r a l va lve . 

§ 73. Liver of Fishes.— T h e l i v e r makes i t s first appearance 
i n t h e l owes t ve r t eb ra t ed , as i n the lowes t a r t i cu l a t ed , species, 
u n d e r t h e f o r m o f a s imple caecal p r o d u c t i o n f r o m the common 
a l i m e n t a r y canal . C o m m e n c i n g i n the L a n c e l e t , fig. 169, hd, 
a l i t t l e b e y o n d the o r i f i ce py, t he hepat ic caecum, I, extends 
f o r w a r d f r o m i t s place o f c o m m u n i c a t i o n w i t h the canal ii, a n d 
te rmina tes i n a b l i n d end. I n the M y x i n o i d s the l i v e r , as i n 
a l l h ighe r Fishes , fig. 282 , a, is a w e l l - d e f i n e d conglomerate , or 
acinous, p a r e n c h y m a t o i d o rgan , w i t h a p o r t a l and an a r t e r i a l 
c i r c u l a t i o n , w i t h hepat ic ducts , and gene ra l l y a ga l l -b ladder and 
cys t i c d u c t , i b . c, b y w h i c h the b i l e is conveyed to t h e d u o d e n u m , 
f r o m w h i c h the s tomach is d i v i d e d b y a p y l o r i c v a l v u l a r o r i 
fice. 1 

T h e t e x t u r e o f the l i v e r is so f t and l ace rab le ; i t s co lour u s u a l l y 
l i g h t e r t h a n i n h i g h e r Ve r t eb ra t e s , b e i n g w h i t i s h i n t h e L o p h i u s , 
and i n m a n y o ther Fishes o f a y e l l o w i s h g r e y or y e l l o w i s h b r o w n : 
i t i s , howeve r , r edd i sh i n the B r e a m , o f a b r i g h t r e d i n t h e 
Holocentrum orientale, orange i n Holocentrum hastatum, y e l l o w i n 
Atherina presbyter, g reen i n Petromyzon marinus, r edd i sh b r o w n 
i n the T u n n y , d a r k b r o w n i n t h e L e p i d o s i r e n , a lmos t b l ack i n 
t h e Padd le - f i sh . I n t h e Siluridce a p o r t i o n o f t h e l i v e r , u s u a l l y 
f o r m i n g a m i d d l e lobe , t h i n n e r t h a n t h e res t and o f a l i g h t e r 
co lour , has been descr ibed as the ( panc reas : ' i t has a d i s t i n c t 
d u c t , open ing near t h a t o f the duc tus choledochus. I n mos t F ishes 
t h e l i v e r is r emarkab l e f o r the q u a n t i t y o f fine o i l i n i t s substance, 
u n d e r w h i c h f o r m a lmost the w h o l e o f the adipose m a t t e r is the re 
concent ra ted i n t h e C o d t r i b e , t he B a y s , and t h e Sha rks . 2 F ishes 
w h i c h , l i k e t h e S a l m o n and W o l f - f i s h , have o i l m o r e d i f f u s e d 
t h r o u g h the b o d y , have c o m p a r a t i v e l y l i t t l e o i l i n the l i v e r . 

T h e l i v e r is g e n e r a l l y o f l a rge p r o p o r t i o n a l s ize : i t is a t tached a t 
t h e f o r e - p a r t o f t h e abdomen to the aponeuro t ic w a l l p a r t i t i o n i n g 
o f f t he p e r i c a r d i u m , fig. 2 7 6 , I, o, a n d extends b a c k w a r d , w i t h a 
f e w except ions , f u r t h e r o n the l e f t t h a n o n the r i g h t s ide : i n t h e 
C a r p , t h e B r e a m , a n d t h e S t i c k l e b a c k , t h e r i g h t lobe is longest . 
I t s shape var ies w i t h t h a t o f t h e b o d y or o f the abdomina l c a v i t y ; 
i t is broadest , f o r example , i n t h e R a y s , longes t i n the E e l s ; n o t , 

1 The Bream is the only fish in which I have found the cystic duct terminating 
directly in the stomach. 

The myriads of Dog-fish captured and commonly rejected on our coasts show 
that the fishermen have not yet taken full advantage of this anatomical fact, which 
exposes to them an abundant source of a pure and valuable oil. 
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however , e longated i n the G y m n o t u s , i n w h i c h apodal f i s h , b y 
reason o f the pecul ia r aggrega t ion o f t h e organs o f vege ta t ive 
l i f e i n the r e g i o n o f the head, the l i v e r is d i v i d e d i n t o t w o shor t 
a n d b road lobes connected b y a t ransverse l obu le . T h e l i v e r 
consists o f one lobe i n most Sa lmono id a n d L u c i o i d Fishes , i n 
the G y m n o d o n t s a n d L o p h o b r a n c h s , i n t h e M u l l e t s , Loaches , 
and Bu l lheads . I t is l o n g and s imple i n the L a m p r e y and 
L e p i d o s i r e n ; l o n g and b i lobed i n the Conger . T h e L u m p - f i s h 
has a l o b u l u s besides the c h i e f lobe , w h i c h is r o u n d a n d flat. 
T h e r e is a shor t t h i c k convex lobe t o the r i g h t o f the l o n g l e f t 
lobe i n the L o p h i u s . I n m a n y Fishes the t w o lobes are s u b e q u a l : 
t h e y are r a r e l y q u i t e d i s t inc t , as i n the M y x i n o i d s ; b u t c o m m o n l y 
conf luen t a t t h e i r base, as i n t h e W o l f - f i s h , or connected b y a 
shor t transverse p o r t i o n , as i n mos t Sharks , t he S i lu ro ids , t h e 
P o l y p t e r u s , the D o r y , t he C o r y p h e n e , t h e Chaetodonts, and t h e 
C o d t r i b e . I n the W h i t i n g the t w o c h i e f lobes ex tend the w h o l e 
l e n g t h o f the a b d o m e n ; i n t h e S h a r k abou t h a l f t he l e n g t h , 
fig. 3 5 2 , b ( i n w h i c h the l e f t lobe is c u t a w a y ) . T h e l i v e r is 
t r i l o b e d i n the C o r v i n a , the C l u p e o i d , a n d t h e C y p r i n o i d F i s h e s : 
i n m a n y o f the l a t t e r f a m i l y i t a lmost conceals t h e convo lu t ed 
i n t e s t i na l canal. T h e b road and flat l i v e r o f the Baiida? is t r i 
lobed . T h e l i v e r is m u c h s u b d i v i d e d i n the Sandlance and i n 
the T u n n y , i n w h i c h l a t t e r fish i t presents r e m a r k a b l e m o d i f i c a 
t ions o f the vascular sys tem. 1 T h e r e are f e w wel l -es tab l i shed 
except ions to the genera l r u l e o f the presence o f a ga l l -b ladder 
i n the class o f Fishes . M y dissections c o n f i r m the s ta tement o f 
i t s absence i n the L u m p - f i s h b y C u v i e r 2 a n d W a g n e r . 3 C u v i e r 
d i d n o t detect a ga l l -b ladder i n Lates niloticus, Holocentrum Sogho, 
Sphyrcena Barracuda, Trigla lyra, Trigla cuculus, Corvina dentex, 
Glyphisodon saxatilis, Lepidopus argenteus, Labrus turdus, Ammo-
dytes, and Echineis remora. T h e ga l l -b ladder is w a n t i n g i n the 
A m m o c e t e and L a m p r e y , b u t exists i n the M y x i n o i d s ; i t is absent 
i n Pristis, Zygcena, and Selache, b u t is present i n Galeus, a n d 
others o f the S h a r k t r i b e . T h e r i c h series o f observat ions 
recorded b y C u v i e r 4 and his able E d i t o r s 5 o n the ga l l -b l adde r 
and ga l l -duc t s i n Fishes have n o t a f fo rded a c lue to the l a w o f 
the developement o f the special receptacle o f t h e b i l i a r y secret ion 
i n Fishes . T h e pouch i n w h i c h the aggrega ted hepa t ic ducts 
t e r m i n a t e i n the Selache maxima m a y compensate f o r the absence 
o f the ga l l -b ladder i n t h a t S h a r k ; these duc ts are enclosed i n a 
b road flat b a n d o f dense ce l lu l a r t issue, fig. 2 8 4 , Z, w h i c h passes 

1 cm. - xn. t. iv. p. 551. 3 
4 X X 1 U - Passim. a ^ t i y p t j * p 5 5 9 _ 5 6 9 ' 
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o b l i q u e l y d o w n i n f r o n t o f the s tomach as f a r as the d u o d e n u m , 
w h e n each o f the ducts opens b y a separate o b l i q u e o r i f i ce i n t o a 
c o m m o n c a v i t y , i b . m, o f an o v a l f o r m , c o m m u n i c a t i n g w i t h the 
d u o d e n u m b y a s ingle open ing . 

T h e ga l l -b l adde r is u s u a l l y s i tua ted t owards the f o r e - p a r t o f 
the l i v e r , a n d a t tached to the r i g h t lobe w h e n th i s exis ts , as i n 
fig. 2 7 6 , m. I n some C y p r i n o i d s and R a y s , and i n the S tu rgeon , 
i t is imbedded i n the substance o f the l i v e r . I n m a n y Chsetodonts 
a n d Salmonoids , i n the S w o r d - f i s h , fig. 2 8 2 , c, i n the E e l and the 
Muraena , i t hangs f r e e l y a t some distance f r o m the l i v e r . I f o u n d 
the ga l l -b ladder th ree inches f r o m the l i v e r i n a L o p h i u s o f t w o 
f ee t i n l e n g t h . T h e size o f the ga l l -b l adde r varies i n d i f f e r e n t 
F i s h e s ; i t is v e r y s m a l l i n mos t R a y s : i n Osseous F ishes i t 
u s u a l l y bears a d i r e c t r e l a t i o n to t h a t o f the l i v e r i t se l f . I t is 
p y r i f o r m i n the L o p h i u s , M u l l e t , Sea-perch (Sebastes), P i k e , 
S tu rgeon , P l a n i r o s t r a , and mos t o ther F i s h e s : i t is subspher ical 
i n the G r e y - s h a r k ( G a l e u s ) , a n d i n the " W o l f - f i s h : i t is l i k e a 
l ong -necked flask i n Polypterus; is b e n t l i k e a r e t o r t i n Xiphias, 
i b . c: and is r e m a r k a b l y l o n g a n d slender i n Scicena, Upeneus, 
Lates nobilis, and i n the B o n i t o , the T u n n y , and o ther Scombrido?, 
T h e b i l e is sometimes conveyed t o the ga l l -b ladder , fig. 2 9 1 , c, b y 
hepato-cys t ic d t fc t s , i b . d, d, and thence b y a cys t i c d u c t , i b . e, i n t o 
the d u o d e n u m ( W o l f - f i s h , E r y t h r i n u s , L e p i d o s i r e n ) : or i t passes a t 
once t o the in tes t ine b y a s ingle hepat ic d u c t , f o r m e d b y the u n i o n 
o f several branches f r o m the l i v e r (Zygoma, w h e r e the d u c t is v e r y 
l o n g ) : or b y t w o hepat ic ducts o p e n i n g separately i n t o the in t e s t ine , 
as i n Pristis: o r an hepat ic d u c t f r o m the l e f t lobe j o i n s a cys t i c d u c t 
f r o m the b ladder , r e c e i v i n g t h e g a l l f r o m the r i g h t lobe , and t h e 
secret ion is conveyed b y a e duc tus c o m m u n i s cho ledochus ' i n t o the 
d u o d e n u m , as i n Pimelodus: or t h e b i l e is conveyed t o the duode
n u m p a r t l y b y a cys t i c d u c t a n d p a r t l y b y a d i s t i n c t hepat ic duc t , 
as i n t h e Sa lmon , i n w h i c h the l a t t e r di la tes be fore i t t e rmina tes . 
I n t h e L o p h i u s th ree hepat ic ducts j o i n the v e r y l o n g cys t ic , w h i c h 
d u c t sometimes d i la tes w h e r e i t receives t h e m . I n t h e S w o r d -
fish t h ree or f o u r hepa t ic duc ts communica t e w i t h the cys t i c , 
t o f o r m t h e duc tu s c o m m u n i s , fig. 2 8 2 , b. I n t h e T u r b o t there 
are m o r e n u m e r o u s hepa t i c duc t s , some o f w h i c h commun ica t e 
w i t h d i f f e r e n t par t s o f the cys t i c d u c t , and f o u r open i n t o t h e 
d i l a t e d t e r m i n a t i o n o f t h e duc tu s c o m m u n i s . 1 I n t h e Galeus t h e 
cys t i c d u c t r u n s some w a y t h r o u g h t h e substance o f t h e l i v e r , a n d 
somet imes b e t w e e n the t u n i c s o f the p y l o r i c canal o f t h e s tomach, 

1 xx. vol. i . prep. no. 811 A. 
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before i t enters the commencement o f the w i d e in t e s t ine , near the 
b e g i n n i n g o f the sp i ra l va lve . T h e g a l l - d u c t i n the S tu rgeon and 
P l a n i r o s t r a t e rmina tes a t a grea ter distance above the v a l v u l a r 
in tes t ine . T h e o r d i n a r y p o s i t i o n o f the e n t r y o f the b i l e i n t o the 
a l i m e n t a r y canal i n Osseous Fishes is a t the commencement o f the 
smal l in tes t ine near the p y l o r u s . T h e t e r m i n a l p a r t o f the g a l l -
d u c t is u s u a l l y s l i g h t l y expanded, fig. 2 9 1 , e, a n d i t s o r i f i ce is o f t e n 
suppor ted o n a pap i l l a , as i n t h e S t u r g e o n , t h e Skate , and the 
Labrax lupus. 

§ 74. Pyloric Appendages and Pancreas of Fishes. — I n most 
Osseous F ishes the in tes t ine 
buds o u t a t i t s commencement 
i n t o l o n g and slender pouches, 
or caeca, fig. 2 8 1 , d, i n t o w h i c h 
i t appears t h a t the f o o d does 
n o t enter , a n d w h i c h , t he r e 
f o r e , increase t h e d i r e c t secre
t i n g surface o f the a l i m e n t a r y 
t r a c t , over a n d above t h e ex
t e n t o f the mechan ism f o r 
p o u n d i n g a n d p r o p e l l i n g the 
c h y m e , or o f the vascular sur
face w h i c h selects and absorbs 
t h e chy le . B y a v e r y g r adua l 
series o f changes o f these caecal 
processes, w i t h i n t h e l i m i t s o f 
the class o f F ishes , t h e y be
come massed i n t o a b o d y , fig. 
282 , d, l i k e t h e conglomera te 
g l a n d , c a l l e d ' pancreas ' i n M a n . 
T h e secret ion o f t h e r u d i m e n 
t a l representa t ives o f t h i s g l a n d 
is so l i k e the fluid w h i c h t h e 
o r d i n a r y mucous surface o f t h e 
in tes t ine e l iminates a n d sets 
f r e e f r o m i t s c a p i l l a r y sys tem, 
t h a t condi t ions o f t h e o r d i n a r y 
a l i m e n t a r y t r a c t ex is t i n some 
Fishes w h i c h r ende r needless 
the developement o f the spe
c ia l accessory surfaces. T h e 

pancreas ; then- w h o l e d iges t ive 
f o r w h i c h t h a t canal is the 

Alimentary canal of the Whiting (Merlangus vulgaris), 
showing the pile of cceca around the pylorus, ccxxxi. 

Dermopteri show no t race o f 
canal is s i m p l e : the o rgan i sa t ion 
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commissar ia t is t he mos t s imple i n the P isc ine class. T h e 
L a m p r e y , a t t h e head o f the D e r m o p t e r o u s order , derives f r o m 
t h e s l i g h t sp i r a l ex tens ion o f i t s i n t e s t i n a l mucous coat the 

Portion of the alimentary canal of the Salmon (Salmo salar), showing one double row of cascal 
appendages and portions of the other, ccxxxi. 

required concomitant complexity of the digestive canal. In 
severa l Osseous F ishes , e i the r the i n a c t i v e n a t u r e o f t h e species, 
o r t h e e x t e n t or special mod i f i c a t i ons ( t h e l o n g i n t e s t i ne a n d 
g l a n d u l a r pala te o f the C a r p , the t h i c k e n e d mucous m e m b r a n e 
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o f t h e d u o d e n u m o f t h e E e l , f o r example ) o f the o r d i n a r y t r a c t 
o f the a l i m e n t a r y canal , r ender unnecessary the presence o f a 

pancreas. T h u s there is 
no caecal p r o d u c t i o n o f the 
d u o d e n u m i n the A m b a s -
sis, W o l f - f i s h , W a r t y A g r i o -
pe, no r i n mos t L a b r o i d s , 
C y p r i n o i d s , L u c i o i d s , S i l u r -
oids, no r i n the apodal Mala-
copteri, no r i n the L o p h o -
branchs and P lec togna t s ; nor 
i n the genera Antennarius, 
Malthceus, and Batrachus. 
T h e pancreas is represented 
b y a s ingle p y l o r i c caecum 
i n the Sandlance and P o l y 
p te rus , fig. 279 , It: b y t w o 
caeca i n most L a b y r i n t h i -
branchs, i n m a n y species o f 
A m p h i p r i o n , i n the L o p h i u s , 
t he T u r b o t , fig. 287 , and 
the M o r m y r u s , fig. 280 , h: 
b y th ree caeca i n the P e r c h , 

the pe rco id Popes (Acerina), the Asprodes , and D i p l o p r i o n s : o f 
f r o m f o u r to n ine caeca i n the genus Coitus: o f f r o m five to n ine 

caeca i n the genus Trigla: 
o f s ix caeca a n d u p w a r d s i n 
Scorpcena a n d Holocentrum: 
o f n ine caeca i n t h e Spra t , 
fig. 288 : and so o n , increas
i n g t o a numerous g r o u p o f 
penden t p y l o r i c pouches, as 
w e find i n the Scomberoids , 
Chaetodonts, Gadoids , fig. 
285 , Ha leco ids , fig. 2 8 6 , 
C y c l o p t e r u s , a n d L e p i d o s 
teus. T h e r e is a d i f fe rence , 
howeve r , w o r t h y o f note , i n 
t h e mode a n d e x t e n t o f a t 
t a c h m e n t o f these numerous 

caeca: i n the Sa lmon , fig. 286 , H e r r i n g , fig. 2 8 1 , d, Spra t , fig. 
288 , and H a d d o c k , t h e y r a n k a lmost i n a l i n e a long the who le 
d u o d e n u m : i n the G y m n o t u s , L u m p - f i s h , and W h i t i n g , fig. 
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One of the four hunches of 

285 , t h e y f o r m a c i r c u l a r c lus ter a round the d i s ta l side o f the 
p y l o r u s . E v e n i n the l o n g i t u d i n a l l y a r ranged caeca the p r i n c i p l e 
o f concen t r a t i on dawns ; thus t h e fifty pan
creat ic caeca o f the P i l c h a r d - communica te 
w i t h t h e d u o d e n u m b y t h i r t y o r i f i c e s : b u t 
the fifty a t t enua ted t e r m i n a l b l i n d sacs i n 
the pancreas o f the L u m p - f i s h u n i t e , r eun i t e , 
a n d discharge t h e i r secret ion b y a c i rc le 
o f s ix or i f ices a round the duodenal side o f 
- . _ Whiting, isolated; showing 

t h e p y l o r i c va lve . I n the T u n n y a more their union and reunion to 
i n • form a single tube, coxxxi. 

s u b d i v i d e d bunch ot pancreat ic caeca e m p t y 
themselves b y five o r i f i c e s : i n the W h i t i n g about one h u n d r e d 
a » d t w e n t y pe r i phe ra l caeca progress ive ly u n i t e i n t o f o u r g roups 
or bunches, fig. 2 8 9 , c o m m u n i c a t i n g , each b y a s ingle d u c t , w i t h 
t h e d u o d e n u m : i n the S w o r d - f i s h , fig. 2 8 2 , d, a more compact 
g l a n d - l i k e mass pours i t s secret ion i n t o the g u t b y t w o or i f ices , e : 
and , finally, i n t h e S t u r g e o n and Padd le - f i sh , fig. 2 7 6 , k, b y a 
s ingle o p e n i n g o f w h a t n o w becomes the shor t and w i d e d u c t o f 
the g l a n d . T h e i n t e r p o s i t i o n o f ce l l u l a r t issue b i n d i n g toge the r 
longer , more slender, a n d more r a m i f i e d caeca, w i t h a concomi tan t 
increase o f t h e vascular s u p p l y , and a c o m m o n c o v e r i n g or 
capsule, finally conver ts the accessory i n t e s t i n a l g r o w t h s i n t o a 
pa renchymatous conglomera te g l a n d , as w e see i n the S w o r d - f i s h , 
S t u r g e o n , H o l o c e p h a l i , and P l a g i o s t o m e s ; the p a p i l l i f o r m t e r 
m i n a t i o n o f the d u c t o f such a pancreas is s h o w n i n the Selache, 
a t fig. 2 8 4 , i. I t sometimes exceeds the l i v e r i n w e i g h t . 

T h e existence o f th i s developed f o r m o f secre t ing o rgan , over 
and above the sp i r a l i n t e s t i n a l v a l v e , m a y re la te to the h i g h 
o rgan i sa t ion o f these C a r t i l a g i n o u s F ishes , a n d to t h e g rea t 
deve lopement o f the organs o f l o c o m o t i o n , occas ioning the neces
s i t y f o r r a p i d and comple te d iges t ion . B u t i f w e compare t h e 
f e w e x i s t i n g species o f h e a v i l y l aden G a n o i d fishes, w e sha l l 
aga in find good evidence o f t h e compensa t ion f o r a pancreas b y 
the ex tens ion o f t h e i n t e s t i n a l mucous m e m b r a n e w i t h i n t h e 
canal , t h e c i rcumstances c a l l i n g f o r a more comple te deve lopement 
o f t h e d iges t ive sys tem i n the p r e d a t o r y Sharks a n d l a r g e -
finned B a y s n o t b e i n g present . T h u s the P o l y p t e r u s , w h i c h has 
a sp i r a l i n t e s t i n a l v a l v e , has o n l y one shor t p y l o r i c caecum, 
fig. 2 7 9 , k; w h i l s t t h e L e p i d o s t e u s , w h i c h has no sp i r a l v a l v e , 
has a compac t g r o u p o f above a h u n d r e d s m a l l caeca, w h i c h u n i t e 
a n d r e u n i t e t o communica t e b y a f e w aper tures w i t h the c o m 
m e n c e m e n t o f the d u o d e n u m . 

T h e i n n e r o r mucous surface o f t h e p y l o r i c caeca is l a m i n a t e d 
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i n some F i s h e s : i n others i t is v i l l o u s , w i t h or i f ices o f c r y p t s at the 
basal i n t e rva l s o f t h e flattened v i l l i : i n the H e r r i n g , fig. 290 , t h e 
surface is m i n u t e l y h o n e y c o m b e d ; t h e cells or c r y p t s b e i n g abou t 
Yg-o o f an i n c h i n d iameter , a n d each is filled w i t h a mass o f 
ep i t he l i a l cel ls , as seen i n t h e sec t ion B , fig. 290 . T h e basis o f 

the c r y p t s is fibrous a n d pro jec ts b e t w e e n and o f t e n b e y o n d the 
l e v e l o f t h e i r openings. T h e masses o f e p i t h e l i u m resemble one 
o f t he stages o f the contents o f the u l t i m a t e fo l l i c l e s o f the 
pancreat ic acinus o f a M a m m a l . T h e r e l a t i o n , h o w e v e r , o f t h e 
p y l o r i c appendages o f the F i s h t o t h a t o f the pancreat ic g l a n d o f 
the h i g h e r Ve r t eb ra t e s m a y be b u t one o f ana logy. 

T h e r e is a m i n u t e , b u t more constant g l a n d u l a r b o d y present 
b o t h i n fishes w h i c h possess (Salmo, Gadas, Perca) a n d those 
t h a t do n o t possess (Platessa, Belone, Brama, e .g . ) t he p y l o r i c 
caeca. I t is too sma l l , fig. 2 9 1 , / , f o r the pe r fo rmance o f t h e pan 
creat ic f u n c t i o n i n d i g e s t i o n ; b u t the c o n t i g u i t y o f t h e t e r m i n a l 
d i l a t a t i o n o f the d u c t , i b . g, w i t h t h a t o f the duc tus choledochus , 
i b . e, and o f t h e i r respect ive openings i n t o the d u o d e n u m , suggests 
t h a t th i s g l andu le m a y be the r u d i m e n t a l homologue o f t h e 
pancreas o f a i r - b r e a t h i n g Ver t eb ra t e s . 

I n the L e p i d o s i r e n t h e b o d y imbedded b e t w e e n t h e muscu la r 
and serous coats o f the s tomach, a n d r e f e r r e d t o as p r o b a b l y 
* s p l e n i c ' i n c x L V . p . 2 7 1 , sends i t s secret ion b y ducts c o n v e r g i n g 
to one canal w h i c h opens b e y o n d the p y l o r u s , close t o the o r i f i ce 
o f the hepat ic d u c t . 1 

1 According to ccxxxni. p. 10. 



A L I M E N T A R Y C A N A L OF REPTILES. 433 

§ 75. Alimentary canal of Reptiles.—The c a v i t y c o n t a i n i n g , as 
i n F ishes , the a l i m e n t a r y 
canal , w i t h the k i d n e y s and 
p r i n c i p a l organs o f gene
r a t i o n , also lodges i n R e p 
t i l e s , f i g . 2 9 2 , the hear t , a, 
b, c, a n d l u n g s , h, i. I n 
mos t the w h o l e c a v i t y is 
l i n e d b y the p e r i t o n e u m , 
w h i c h is re f lec ted u p o n the 
several viscera. I n t h e 
t ransverse sect ion o f the 
c a v i t y , fig. 293 , the t h i c k 
l i n e d i a g r a m m a t i c a l l y 
shows the p e r i t o n e u m r e 
flected f r o m the v e r t e b r a l 
c e n t r u m u p o n t h e ao r t a l 
and caval t r u n k s , h, t h e 
spleen, b, and s tomach, a, 
whence i t is c o n t i n u e d t o 
f o r m the omenta l f o l d , e, c: 
f r o m the v e n t r a l surface 
the p e r i t o n e u m is re f l ec ted 
a t one sma l l p a r t u p o n the 
remains o f t h e u m b i l i c a l 
v e i n , f o r m i n g the so-called 
' f a l c i f o r m , ' y, and e r o u n d , ' 
d, l i gamen t s o f the l i v e r . 
I n the Crocodilia t he p e r i 
t o n e u m does n o t e x t e n d f o r w a r d b e y o n d the s tomach and l i v e r , 
b u t is r e f l ec ted u p o n the pos te r io r ( sacra l ) surface 
o f b o t h organs , 1 c i r c u m s c r i b i n g a smal ler e abdo
m i n a l ' c a v i t y , and i n c l u d i n g f e w e r viscera, t h a n i n 
M a m m a l s . 

I n f emale R e p t i l e s , t he serous membrane o f 
the abdomen is con t inuous w i t h the mucous m e m 
brane o f the o v i d u c t s ; t he subhexagona l or p o l y 
g o n a l flattened cells o f i t s e p i t h e l i u m g i v i n g place 
to the c i l i a t e d . ep i the l i a l cel ls a t the m a r g i n o f t h e 
o v i d u c a l ape r tu re . I n b o t h male and female 
Chelonia, t h e p e r i t o n e u m is c o n t i n u e d , as an i n 

f u n d i b u l a r canal , i n t o t h e ' corpus cavernosum' 
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Transverse section of 
the abdominal cavity, 

Lizard, ccxxxv. 

VOL. I . 

1 ccxxxvi. vol. i i . p. 336. 
TP F 
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o f the p e n i s 1 and c l i t o r i s : i n the Crocodilia, besides com
m u n i c a t i n g w i t h t h a t s t r u c t u r e , t h e pe r i tonea l canals open o u t 
w a r d l y u p o n papillae, s i tua ted o n each side o f the base o f the 
p e n i s 2 a n d c l i t o r i s . These are t h e except ions , i n the r e p t i l i a n 
class, t o the t y p i c a l character o f t h e p e r i t o n e u m as a closed 
' serous ' sac. I n most R e p t i l e s p i g m e n t a l cells are b lended w i t h 
or supersede the o r d i n a r y tessellated l i n i n g o f ep i t he l i a l cells i n 
ce r t a in par ts o f the pe r i tonea l surface. 

T h e m o u t h i n R e p t i l e s gives passage t o r e sp i r a to ry cur ren t s 
as w e l l as t o the f o o d i n the Perenn ibranch ia tes , and i n a l l 
t he a i r -breathers a long t h a t e x t e n t o f the c a v i t y w h i c h is poste
r i o r t o the palato-nares, fig. 2 9 4 , B , h: t h e Crocodilia alone 
h a v i n g the nasal d i s t inc t f r o m the o r a l passage. 

I n Chelonia3 t h e j a w s 
w i t h t h e i r h o r n y c o v e r i n g 
f o r m , as i n G y m n o d o n t 
fishes, t he first p o r t a l t o 
t h e a l i m e n t a r y c a n a l : i n 
m a n y Batrachia t h e i n 
t e g u m e n t passes even ly 
over the a lveolar marg ins 
o f the j a w s , as i n fig. 294 , 
a, a: i n Ophidia, Sauria, 
and Crocodilia, a n a r r o w 
t r a c t o f so f t a n d vascular 
i n t e g u m e n t in te rvenes be
t w e e n the scale-clad borde r 
o f the m o u t h and the j a w s ; 
s i n k i n g i n t o a more or less 
sha l low groove , w h i c h de

fines the l ips and receives the secret ion o f a r o w o f mucous 
c r y p t s : b u t such l ips are h a r d and i n f l e x i b l e : i n ce r t a in F r o g s a n d 
Toads t h e y are o f sof ter t e x t u r e : b u t i n none are p roduced o r 
prehensi le . 

T h e w a l l s o f t h e m o u t h expand i n t o pouches i n c e r t a i n 
Rep t i l e s , as e. g . a t the sides o f the face i n male F r o g s , b e l o w the 
tongue i n Hyla, and p roduced f r o m the same p a r t i n t o a conspicu
ous g u l a r bag , as i n the Draco volans, fig. 303 , d. B u t these 
pouches receive a i r , no t , as i n some h i g h e r V e r t e b r a t e s , f o o d ; and 
u s u a l l y re la te to the powers o f voice . 

T h e b o n y wa l l s o f the m o u t h have been a l ready desc r ibed ; the 
1 xx. vol. iv. p. 62, preps, nos. 2448—2451. 
2 Ib. vol. iv. p. 60, prep. no. 2439 ; and ccxxxvn. p. 153. 
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Ciliated surface of the mouth and gullet, Triton. 
CCXXXV1II. 
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l i n i n g membrane re ta ins the c i l i a t ed e p i t h e l i u m i n most Batrachia. 
I n fig. 2 9 4 , B shows the r o o f o f the m o u t h o f a N e w t , o f the 
n a t u r a l size and m a g n i f i e d : A shows the floor o f the m o u t h w i t h 
the oesophagus, d, l a i d open f r o m above, the s tomach, e, and l u n g s , 
f , f . a is the l o w e r j a w , b the tongue , c the g lo t t i s . T h e cu r ren t s 
p roduced b y the v i b r a t i l e c i l i a are made v i s ib le b y powdered 
charcoal , and t h e i r course is ind ica ted b y the a r rows , b e g i n n i n g at 
t he symphys i s and e x t e n d i n g to the cardiac end of . the oesophagus. 
T h e c i l i a r y m o v e m e n t ' is r e m a r k a b l y v i v i d i n the m o u t h o f the 
S e r p e n t ; and i n the Tor to i se i t endures f o r several days a f t e r dea th , 
n o t ceasing t i l l the par ts are des t royed b y p u t r e f a c t i o n . ' 1 F i g . 
295 gives a m a g n i f i e d v i e w o f some o f the o r d i n a r y nuc lea ted 
ep i t he l i a l scales, a, b, c, and o f some c i l i a t ed scales, d, e, f , g, 
f r o m the m o u t h o f the F r o g . 

T h e t ongue , as an o r g a n o f taste i n 
Rep t i l e s , has been no t i ced , p . 327 . I n 
N e w t s i t is u s u a l l y sma l l , as a t b, fig. 
294 . I n mos t tai l less Ba t rach ians i t is 
l a r g e : a t tached to the floor o f the m o u t h , 
a l i t t l e b e h i n d the symphys is o f the 
m a n d i b l e , w i t h i t s f r e e border d i r ec ted 
b a c k w a r d . 2 T h i s p a r t can be raised 
a n d t h r o w n o u t o f the m o u t h b y a 
r o t a t o r y movemen t , as o n a h inge , w i t h 
a ce r t a in e longa t ion , e q u a l i n g i n some 
Toads t w o t h i r d s or more o f the l e n g t h 
o f t he body . A g l u t i n o u s sal iva is 
spread over the su r f ace : b o t h the p r o -
t r u s i l e a n d r e t r a c t i l e movemen t s are execu ted w i t h ex t r eme 
v e l o c i t y , and t h u s the insect is seized and s w a l l o w e d m o r e 
q u i c k l y t h a n the eye can f o l l o w , w h e n the B a t r a c h i a n has 
b r o u g h t i t s m o u t h w i t h i n t h e distance a t w h i c h t h e t o n g u e can 

reach the fly. 
T h e h y o i d b e i n g raised and the m a n d i b l e depressed, t h e g e n i o -

glossi , h a v i n g t h e i r fixed p o i n t a t t he symphys i s , raise and j e r k 
f o r w a r d the f r e e p a r t o f t h e t o n g u e ; a t the same in s t an t t h e 
t o n g u e is n a r r o w e d a n d l eng thened b y the ac t i on o f t ransverse 
fibres i n i t s subs tance : t h e r e t u r n movemen t s are due to t h e 
hyog los s i , a c t i n g f r o m t h e h y o i d a rch , w h i l e t h i s is a t t h e same 
t i m e depressed a n d r e t r ac t ed . I n mos t F r o g s t h e back p a r t o f 
t h e t o n g u e is b i f u r c a t e , fig. 3 5 0 , a, or b i l o b e d (Polypedates) : i n 

1 ccxxxvin. vol. i. p. 631. 
2 In Heteroglossus the tongue is attached by a central pedicle. 

F F 2 

Nucleated and ciliated epithelial scales 
mouth of Frog 
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Oxyglossus i t is r o u n d e d , as i n Toads and some Hylidce, e. g . 
Elosia; b u t bere the w h o l e m a r g i n adheres: the rarest f o r m , i n 
anourous Ba t rach ians , is t ha t o f Rhinophrynus, i n w h i c h the f o r e 
p a r t o f the t ongue is f r e e . 1 I n Serpents the t ongue takes no other 
share i n the prehens ion o f f o o d t h a n b y the degree i n w h i c h i t m a y 
assist i n the act o f d r i n k i n g ; i t is v e r y l o n g , slender, c y l i n d r i c a l , 
p r o t r a c t i l e , cons i s t ing o f a p a i r o f m u s c u l a r cy l i nde r s , i n close 
connec t ion a long t h e basal t w o t h i r d s , b u t l i b e r a t e d f r o m each 
o ther , and t a p e r i n g each to a p o i n t a t t h e a n t e r i o r t h i r d : these 
are i n constant v i b r a t i o n w h e n the t o n g u e is p r o t r u d e d , and are i n 
great p a r t w i t h d r a w n , w i t h the u n d i v i d e d b o d y o f the t ongue , i n t o 
a sheath w h e n the o rgan is r e t r ac ted . T h i s act is p e r f o r m e d b y 
the c g lossohyoidei , ' fig. 147, A ; p r o t r u s i o n is e f fec ted b y the gen io-
h y o i d e i , i b . z, z\ T h e o r i f i ce o f the sheath is s t r eng thened b y a 
pa i r o f car t i lag inous plates, o n w h i c h o ther muscles ac t . 2 T h e 
u n u n i t e d symphysis o f the m a n d i b l e leaves a passage f o r the 
t ongue w i t h o u t the need o f c o p e n i n g ' t he m o u t h : a n d the acts 
o f p r o t r u s i o n and r e t r a c t i o n are u s u a l l y seen to be f r e q u e n t l y 
repeated. T h e Amphisbmnidce and Anguidce have shor t , t h i c k , 
h a r d l y p r o t r a c t i l e , and sub-b i fu rca te tongues. 

T h e arborea l Chameleons, c l i n g i n g o n a l l f ou r s t o t h e i r t ree 
b r a n c h , depend w h o l l y o n t h e i r s i n g u l a r l y extensi le tongue f o r 
the prehens ion o f t h e i r vo l a t i l e insect f o o d . T h e movements o f 
th i s o rgan are as instantaneous as i n the T o a d a n d F r o g , and 

Tongue of the Chameleon partially extended, CCL. 

are due to combined muscu la r and elastic forces , a c t i n g w i t h i n 
the tongue and u p o n i t s s u p p o r t i n g bones, w i t h concomi tan t 
modi f ica t ions o f the h y o i d arch . T h e glosso-hyal is p roduced 
i n t o a l o n g a n d c y l i n d r i c a l , fibro-cartilaginous s t y l e ; i t penetrates 
a fibrous sheath i n the substance o f the t o n g u e , w h i c h , w h e n 

1 It affords the character of Dr. Giinther's section Proteroglossa, CLXXV. 
2 CCXLI. p. 368, pi. 46, fig. 15. 
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re t rac ted , fig. 297 , A and c, is a lmost w h o l l y suppor ted t he r eby , 
and , w h e n w i t h d r a w n , the c a v i t y o f the sheath is occupied b y 
a d u c t i l e c e l l u l o s i t y . T h e bu lbous end o f the tongue , fig. 296 , 
a n d fig. 297 , A , B , is d i v i d e d b y a transverse c u r v e d groove i n t o 
a shor ter upper , i b . a, and a l onge r l o w e r lobe , i b . d, r e sembl ing the 
prehensi le p a r t o f the E lephan t ' s p robosc is ; t h e surface is finely 
rugous , a n d bedewed b y adhesive secret ion. B e t w e e n the b u l b 
and t h e base the glossohyal sheath is i m m e d i a t e l y su r rounded b y 
fibrous, degenera t ing i n t o l a x elastie, t issue, covered b y the l i n g u a l 
s k i n , w h i c h is t h r o w n i n t o c i r c u l a r ruga? or r i n g s , i n the con t rac ted 
state (as i n fig. 297 , A , b, and i n c, w h e r e th i s p a r t o f the t ongue 
is exposed b y d i v a r i c a t i n g the g e n i o h y o i d muscles, c). T h e tissue 
o f the g lossohyal sheath consists c h i e f l y o f u n s t r i p e d muscu la r fibres, 
a r ranged t ransverse ly . T h e l o n g i t u d i n a l fibres are those o f a pa i r 
o f c g lossohyoidei , ' e x t e n d i n g a long the sides o f the annu la r e x t e n 
sile pa r t , and spreading o u t a t t he bu lbous p a r t , o f the tongue . 
T h e c i r c u l a r fibres, s t r o n g l y c o n t r a c t i n g , d i m i n i s h the th ickness , 
increase the l e n g t h , and , squeezing t h e smooth s u p p o r t i n g s ty l e , s l ip 
o f f the e longated p a r t o f the t o n g u e f r o m i t s f o r e p a r t w i t h a ce r t a in 

297 

Tongue of the Chameleon, COXL. 

j e r k . B u t w i t h t h i s ac t i on is associated a more p o w e r f u l p r o p e l l e r 
o f t h e w e i g h t e d b u l b o u s e n d o f the t o n g u e , exercised b y t h e 
muscles o f i t s b o n y suppor t . T h e g e n i o h y o i d e i , fig. c, c, and A , e, 
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d r a w f o r w a r d the bas ihya l u p o n the ends o f the ceratohyals , k, 
w h i c h are steadied b y the slender muscles ' ceratomandibularis , ' /* , 
and ' ceratosternalis , ' h: so t h a t the i n v e r t e d b o n y a rch , f r o m 
b e i n g v e r t i c a l , as a t A , k, is made h o r i z o n t a l , as a t B , k ; the bas i 
h y a l b e i n g b r o u g h t f o r w a r d abou t an i n c h , and w i t h a fo rce and 
prec is ion , due to the fixation o f the ce ra tohya l t ips , b y t h e i r g u y -
rope - l i ke muscles , f and h, w h i c h adds g r e a t l y t o the p r o p e l l i n g 
fo rce . T h i s fo rce , added t o , and a c t i n g consentaneously w i t h , the 
e longa t ion o f the annulose p a r t o f the tongue , b, A and B , j e r k s 
o u t the swo l l en prehensi le end o f the t ongue t o t h e f u l l e x t e n t 
a l l o w e d b y i t s elastic y i e l d i n g t issue, w h i c h , o n the cessation o f 
the muscu la r actions and t h e i r m o m e n t u m , re t rac ts t h e b u l b ; and 
the d r a w i n g back o f the t ongue is ef fected b y the con t r ac t ion o f 
the glossohyoidei , and o f the elastic ce l lu l a r t issue, r e a d j u s t i n g 
the sheath u p o n the g los sohya l : also b y the r e t r a c t i o n o f the h y o i d , 
t h r o u g h the s t e rnohyoide i muscles, fig. 297 , A , C, g. These are 
assisted b y the omohyo ide i , i b . A , i ; and the actions o f e and g are 
made more e f fec t ive b y the coopera t ion o f / ^ a n d h, i n s teadying 
the poin ts o f the i n v e r t e d a rch u p o n w h i c h the s w i n g i n g move
ments to and f r o o f the bas i - and glosso-hyals t ake place. T h e 
mechanism and forces o f the extens ion and con t r ac t ion o f the 
Chameleon's t ongue are essent ial ly the same as those o f the 
t o n g u e i n Toads and Geckos, among w h i c h those species can 
mos t elongate the o rgan , w h e n the h y o i d muscles j e r k i t ou t o f 
t h e m o u t h , w h i c h have the greatest p r o p o r t i o n o f e l i n g u a l e s ' fibres 
a r ranged so as to cont rac t i t s b r ead th . 1 

T h e s t y l i f o r m glossohyal , besides s u p p o r t i n g the re t r ac ted 
tongue and increas ing the fo rce o f the c o n s t r i c t i n g (linguales' 
fibres, enables a i m to be t a k e n at the ob jec t t o be reached. T h e 
Chameleon, h a v i n g discerned i t s p r e y , b r ings i t s head i n t o pos i t ion , 
opens the m o u t h to the ex t en t r e q u i r e d f o r the tongue's passage: 
t h e n , s t eady ing the apparatus ' b y a sor t o f t r e m u l o u s r i g i d 
movement , ' shoots o u t the t ongue , and re t rac ts i t w i t h the fly, 
the v e l o c i t y o f the ac t ion b e i n g such as t o ' s ta r t le one a f resh 
eve ry t i m e i t is wi tnessed . ' 2 

T h e tongue o f the Crocod i l e , fig. 298 , c, is s l i g h t l y ra ised b y 
i t s fleshy p o r t i o n above the l e v e l o f the membranous floor o f the 

1 The explanation above given agrees in essentials with that proposed by Hunter 
(xx. vol. i i i . p. 68), and Cuvier (xn. ed. 1, torn. i i i . p. 273) ; other hypotheses are 
cited in cexxxix. tom. vi. p. 76, and CCXL. vol. iv. p. 1147. 

2 CCXL. p. 1150. The whole of Dr. Salter's excellent article is well worth careful 
study. A previous dissection of a Gecko's tongue, after maceration, as the Chame
leon's ought to be, in alcohol, facilitates the recognition of the circular arrangement 
of non-striped ' linguales' fibres, described by Hunter and Cuvier. 
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m o u t h , b u t is n o t p r o l o n g e d f r e e l y b e y o n d i t ; i t s back p a r t 
appears t o r ise , b u t th i s is due to the 
c o n t i n u a t i o n o f t h e membrane f r o m the 
base o f the t ongue over a t ransverse 
ca r t i l ag inous p la te , f o r m e d b y the bas i 
h y a l , w h i c h , a b u t t i n g against the v e l u m 
p a l a t i , i b . d, can close the back p a r t 
o f t he m o u t h . So tha t , w h e n the 
Crocod i l e holds submerged a d r o w n i n g 
p r e y , the wa te r t r a v e r s i n g the m o u t h 
has no access to the g l o t t i s . 1 

T h e membrane cove r ing the do r sum 
o f t he t ongue is beset b y mucous 
c r y p t s ; the e ce ra togloss i ' d i v i d e i n t o 
f a s c i c u l i , w h i c h decussate across the 
m e d i a n l i n e . 

A sa l iva ry apparatus is as l i t t l e 
specialised i n Ba t rach ians as i n Fishes . 
M u c o u s c r y p t s u p o n the tongue or 
pala te subserve the need o f l u b r i c a t i n g 
t h e q u i c k l y s w a l l o w e d and u n m a s t i -
cated f o o d . I n L i z a r d s a series o f 
or i f ices o f mucous c r y p t s e x t e n d 
a l o n g the l i p - g r o o v e o f b o t h j a w s . I n 
t h e Crocod i l e , besides the l i n g u a l f o l 
l i c les , t h e r e are groups o f more c o m 
p l e x ones o n each side, b e h i n d the 
palato-nares, o p e n i n g i n t o t h e meshes 
o f t h e p l i ca t ed f a u c i a l membrane . I n 
Chelonians there are g roups o f mucous 
f o l l i c l e s b e l o w t h e t ongue , r ep resen t ing 
t h e s u b l i n g u a l g lands o f M a m m a l s . 
T h e l a b i a l glands are a b u n d a n t l y de
ve loped i n Oph id i ans . T h e secret ion 
o f t h e l a c r y m a l g lands is added to t h e 
l u b r i c a t i n g fluid o f the m o u t h . T h e 
po i son-g land o f venomous Serpents 
m a y be r ega rded as a specia l ly de
ve loped p a r o t i d , b u t w i l l be descr ibed 
i n another sect ion. I n a l l R e p t i l e s 
t h e secretions e n t e r i n g the m o u t h are 
r a t h e r mucous a n d mechan ica l i n f u n c -

1 xx. vol. i i i . p. 72, prep. no. 1466. 
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t i o n t han t r u l y sa l iva ry , as exerc i s ing any a l te ran t in f luence o n 
the na tu re o f the food . 

A e v e l u m p a l a t i ' is deve loped o n l y i n the Crocodilia: an 
ep ig lo t t i s is n o t present i n any R e p t i l e : t he bas ihya l va lve o f the 
Crocodi les is analogous to one, and some l izards show a r u d i m e n t o f 
ep ig lo t t i s . T h e sides o f the p h a r y n x are c l e f t b y the g i l l - s l i t s i n the 
perennibranchia te Batrachia; and one s l i t o n each side remains 
open i n some o f the caducibranchia te species, as, e. g . , i n Menopoma. 
I n the S i r e n there are three c le f t s o n each side, defended b y i n t e r 
l o c k i n g p o i n t e d processes, c losely r e s e m b l i n g the n a r r o w e r o f the 
five l a t e r a l b ranch ia l c l e f t s i n the L e p i d o s i r e n , fig. 3 1 6 , l , 3, 4, 5. 

T h e oesophagus is shor t and w i d e i n Batrachia, fig. 294 , d, c, 
l o n g and w i d e i n Ophidia, fig. 300 , d, 
e, f , o f moderate l e n g t h and w i d t h i n 
Chelonia, n a r r o w e r i n Crocodilia, fig. 
298 , e, and s t i l l more so i n i n sec t i 
vorous Lacertilia, fig. 303 , e. I t is 
r e m a r k a b l y d i la tab le and th in -coa t ed 
i n Snakes, as a t fig. 3 0 0 , f , i n w h i c h 
i t s i n t r i n s i c . p rope l l ing p o w e r is sup
p lemented b y the c o n s t r i c t i o n o f the 
s u r r o u n d i n g t r u n k - m u s c l e s d u r i n g 
the d e g l u t i t i o n o f b u l k y p r ey . T h e 
o ther c h i e f pecul ia r i t i es i n the s t ruc 
t u r e o f th i s p a r t o f the a l i m e n t a r y 
canal o f Rep t i l e s are, the p e r f o r a t i o n 
o f i t s w a l l s b y ce r t a in e longated and 

enameled hypapophyses i n Deirodon,1 ante, p . 393 , a n d the p r o d u c 
t i o n o f the l i n i n g membrane i n t o p o i n t e d processes, d i r ec t ed t o t h e 
s tomach, and covered b y t h i c k e p i t h e l i u m i n the T u r t l e s ( Chelone).2 

These a id i n the d e g l u t i t i o n o f the l o n g s l i p p e r y seaweeds o n 
w h i c h the T u r t l e feeds ; i n carn ivorous Chelonia t h e y are n o t 
p r e s e n t ; the l i n i n g membrane i n Testudo indica, e. g . , is t h r o w n 
i n t o l o n g i t u d i n a l rugae w h e n und i s tended , a n d presents a fine 
r e t i c u l a r and porous surface. T h e c i l i a t ed e p i t h e l i u m is c o n 
t i n u e d a long the g u l l e t i n Triton, fig. 294 , d, and i n the larva? o f 
Toads and F r o g s . 3 T h e muscu la r t u n i c o f the g u l l e t is s t rongest 
i n the T u r t l e s . 

T h e s tomach presents, i n R e p t i l e s , i t s m o s t s imp le f o r m i n t h e 
O p h i d i a n and B a t r a c h i a n orders , especial ly i n t h e i c h t h y o - and 

Retroverted processes in oesophagus of 
Turtle (.Chelone). CCL. 

1 Jourdan, in CCXLII. torn. vi. p. 160. 
2 xx. torn. i . p. 126, preps, nos. 460, 461; XLin. pt. iv. pi. v. fig 7. 
3 ccxi.nr. torn. i . p. 191. 
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oph io-morphous k i n d s o f the l a t t e r . T h e t r a n s i t i o n f r o m the 
g u l l e t t o • the s tomach is scarcely ind ica t ed e x t e r n a l l y . O n the 
i n n e r surface i t is shown , i n the P y t h o n , b y the more vascular 
a n d rugous character o f the l o n g i t u d i n a l fo lds c o n t i n u e d i n t o i t 
f r o m the oesophagus, the interspaces o f the fo lds b e i n g r e t i cu l a t e . 
T h e s tomach, w h i c h is s t r a igh t , as i n the Ra t t l e snake , fig. 3 0 0 , g, 
contracts a t first g r a d u a l l y , t h e n q u i c k l y , t o the 
p y l o r u s , whence a n a r r o w canal , o f about an i n c h 
i n l e n g t h i n a P y t h o n o f t e n f ee t l o n g , 1 conducts 
to the sudden ly expanded in tes t ine . I n the 
P r o t e u s , S i r en , and A m p h i u m a the s tomach is 
l o n g , c y l i n d r i c a l , and n e a r l y s t r a i g h t ; the re is 
no i n t e r v e n i n g cana l be tween p y l o r u s and i n 
test ine. T h e stomach is d i s t ingu i shed f r o m the 
oesophagus b y the thickness o f i t s coats, and b y 
the spongy and vascular character o f the l i n i n g 
membrane . I n the S i r e n and T r i t o n , fig. 294 , 
the p y l o r i c end bends a l i t t l e to the r i g h t ; th i s 
b e n d is more m a r k e d i n Salamandra. I n the 
F r o g , the s tomach, fig. 305 , a, c, is p y r i f o r m , 
p laced on the l e f t side o f the abdomen, w i t h a 
s l i g h t c u r v e to the r i g h t side. I n the L i z a r d the 
s tomach, fig. 3 0 1 , a, is f u s i f o r m , w i t h a s imi l a r 
p o s i t i o n : b u t , i n c u r v i n g to the r i g h t , i t ad
vances f r o m b e h i n d f o r w a r d . I n the F l y i n g 
L i z a r d (Draco volans), fig. 303 , f , and the 
I g u a n a , the s tomach is r a the r p y r i f o r m , b u t the 
shape varies w i t h the state o f the contents . 

I n the Chelonia t he s tomach so f a r accords 
w i t h the b road and flattened f o r m o f t r u n k t h a t 
i t is p laced more t ransverse ly , b e n d i n g as i t passes 
f r o m the l e f t t o the r i g h t side. I n fig. 302 the 
g r a d u a l passage f r o m the oesophagus, T , t o the 
s tomach, K , is s h o w n i n t h e f r e sh -wa te r To r to i s e , 
Emys europaa, i n w h i c h the s tomach is c y l i n 
d r i c a l a n d e longated , c u r v i n g b e h i n d , and i n a 
deep g roove o f the l e f t lobe o f the l i v e r , i , t o 
t h e r i g h t , w h e r e the p y l o r i c p o r t i o n o f the 
s tomach , K ' , becomes n a r r o w e r and t h i c k e r i n i t s 
coats. T h e muscu la r fibres o f the l a y e r r ad ia te f r o m an 
aponeuro t i c p a r t o n each side, a t t he c h i e f b e n d . T h e mucous 

• 

r-3 

Wr 
Viscera, in fore part of 
the abdomen, of the 

Rattlesnake, CCL. 

1 xx. vol. i . p. 143, no. 504 A. 
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membrane is disposed i n l o n g i t u d i n a l rugae, most m a r k e d at t h e 
cardiac h a l f ; t he or i f ices o f gas t r ic fo l l i c l e s are numerous a t t he 
p y l o r i c p o r t i o n . H e r e H u n t e r no t i ced c a g l andu la r p a r t o n one 
side, a l i t t l e w a y f r o m the p y l o r u s , w i t h m a n y o r i f i ce s . ' 1 I n the 
T u r t l e (Chelone) t he muscu la r t u n i c o f the s tomach becomes, i n 
the adu l t , r e m a r k a b l y t h i c k , f o r due compression o f the vegetable 
c o n t e n t s ; i n the y o u n g a n i m a l the coats are as t h i n as i n Emys.2 

I n th i s genus, and other ca rn ivorous Chelonia, the cardiac o r i f i ce 
is v e r y w i d e compared w i t h the p y l o r i c . 

T h e Crocodilia present the mos t complex s tomach k n o w n i n 
e x i s t i n g members o f the R e p t i l i a n 
class. T h e p r i n c i p a l c a v i t y is o f a 
r a the r flattened sub-c i r cu la r or f u l l 
o v a l shape; there is a t endon , fig. 
2 9 8 , i, a t t he m i d d l e o f each side, 
be t t e r de f ined t h a n i n Chelonia, and 
the muscu la r fibres radiate t h e r e f r o m , 
i b . f , f . I t communicates b y a w i d e 
aper tu re w i t h the oesophagus, and b y 
a v e r y n a r r o w one w i t h the p y l o r i c 
p o r t i o n , i b . g, w h i c h is a s m a l l sub
spher ica l p o u c h w i t h a s t i l l smal ler 
ob l ique aper tu re i n t o the in t e s t ine , 
i b . k. T h e analogy t o the g izza rd o f 
the b i r d is f u r t h e r s h o w n b y the f r e 
q u e n t occurrence o f stones i n the 
stomach o f the C r o c o d i l e . 3 I n a l l 
carn ivorous Rep t i l e s the p r e y is s w a l 
l o w e d w h o l e , and i t s e n t r y i n t o the 
s tomach is easy: b u t n o t h i n g is per 
m i t t e d to pass o u t i n t o t h e i n t e s t i n e 
except the c h y m e and o ther fluids. 

I n herb ivorous Rep t i l e s the p y l o r u s gives passage t o vegetable 
mat te rs whose d iges t ion is comple ted i n the colon. 

I n the d ispos i t ion and a t t achmen t o f the i n t e s t i n a l canal , t h e 

1 ccxxxvi. vol. i i . p. 357. 
2 xx. torn. i . p. 146, preps, nos. 514-516. 
3 xx. vol. i . p. 146, prep. no. 518 A. In the stomach of a Crocodilus acutus, from 

Jamaica, Hunter ' found the whole of the feathers of a bird, with a few of the bones, 
which had lost all their earth, exactly similar to a bone which has been steeped in an 
acid....There were stones in the stomach of considerable size, larger, e. g. than the 
end of a man's thumb.' ccxxxvi. vol. i i . p. 337. Dr. Jones (CCXLV. p. 94) found in 
the stomach of an Alligator 4 the bones, teeth, hoofs, and hair of a pig; the flesh had 
been entirely digested.' 
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Crocodilia again offer the chief exception to Reptiles in general; 
i n these the mesogaster, fig. 3 0 1 , h, is d i r e c t l y and b r o a d l y con
t i n u e d i n t o the mesentery , as th i s is i n t o a mesoco lon ; t h e y 
are n o m i n a l d i s t inc t ions o f the same s imple d u p l i c a t u r e o f the 
pe r i t onea l membrane . I n the Crocod i l e the in t e s t ine , a f t e r 

XXXVIII. 

f o r m i n g t h e duodena l loops, passes back to cross t h e spine to t h e 
l e f t , i n close connec t ion t h e r e t o : and , descending, aga in becomes 
loose, and def ines a ' r o o t ' or b e g i n n i n g o f a d i s t i n c t ' m e s e n t e r y ' ; 
i n no R e p t i l e is the re a separate mesocolon. T h u s , i t is o n l y 
i n Crocodilia t h a t a f d u o d e n a l ' p o r t i o n o f the i n t e s t i ne can be 



444 ANATOMY 1 OF VERTEBRATES. 

d i s t i n c t l y d e n n e d ; i n o ther R e p t i l e s i t is i nd ica t ed b y i t s r e l a t i o n 
to the pancreas a n d to the ducts o f th i s g l a n d and the l i v e r , as a t 
e, f , fig. 3 0 1 (Lacerta), fig. 306 , c,d(Rana), and fig. 305 ( Chelone). 
T h e l a rge in te s t ine is d e f i n i t e l y m a r k e d off" i n a l l Rep t i l e s , b u t is 
shor t and , i n mos t , s imple , s t r a igh t , and w i t h o u t caecal p r o d u c t i o n 
at i t s b e g i n n i n g . 

I n no R e p t i l e is the in tes t ine so shor t a n d s t r a igh t , or so 
l o n g and convo lu t ed , as i n ce r t a in F i s h e s ; as a genera l r u l e , 
i t is shor ter i n p r o p o r t i o n to the t r u n k t h a n i n w a r m - b l o o d e d 
Ver t eb ra t e s . 

I n the S i r e n and A m p h i u m e t h e in t e s t ine makes a f e w shor t 
t u r n s i n i t s l o n g i t u d i n a l course, and expands i n t o a s t r a igh t a n d 
w i d e co lon or r e c t u m . 1 I n the M e n o p o m e 2 t he convo lu t ions are 
more numerous , and the r e c t u m is r e l a t i v e l y w i d e r . I n Ccecilia 
t he in tes t ine is con t i nued i n a s l i g h t l y c o n v o l u t e d manner t o the 
short r e c t u m w h i c h opens near the h inde r e x t r e m i t y o f the snake
l i k e body. T h e N e w t s and Salamanders have shor t in tes t ines , 
w i t h f e w c o i l s ; so l i k e w i s e have the Toads and F r o g s ; b u t , i n 
the l a r v a l state o f the l a t t e r , t he in tes t ine is v e r y l o n g , a n d f o r m s 
a double series o f sp i ra l coi ls , fig. 4 2 , i; and the m o d i f i c a t i o n b y 
absorp t ion o f th i s he rb ivorous t y p e o f g u t t o the ca rn ivorous one is 
n o t among the least o f the marve l lous changes w h i c h the anourous 
B a t r a c h i a n undergoes i n passing t o i t s a d u l t c o n d i t i o n . I n most 
Serpents the shor t i n t e s t i n a l fo lds are packed closely toge ther i n a 
l o n g mass b y connec t ing ce l lu la r t issue. I n Sea-snakes (Hydrophis) 
t h e convolu t ions are more f r ee . I n L i z a r d s the i n t e s t i n a l con 
vo lu t i ons are c o m m o n l y f e w , fig. 3 0 1 , i, fig. 303 , y, and f r ee . I n 
the Chelonia, figs. 302 and 304 , the convo lu t ions o f the s m a l l g u t 
are l a rge r and more n u m e r o u s ; t h e y are also w e l l m a r k e d i n 
the Crocodilia. 

T h e muscu la r tissue o f the in tes t ine shows an e x t e r n a l l a y e r o f 
l o n g i t u d i n a l fibres, and an i n t e r n a l l aye r o f c i r c u l a r ones ; the 
l a t t e r is r e m a r k a b l y t h i c k i n Chelone. I n g i l l e d a n d t a i l e d 
Batrachia t he mucous membrane presents fine u n d u l a t o r y l o n g i 
t u d i n a l ruga?, n o t pa r a l l e l , b u t o f t e n u n i t i n g . I n Toads the ruga? 
are transverse a t t h e j e j u n u m : i n F r o g s the ruga? are zigzao*. 
T h e mucous membrane o f the in tes t ine presents, i n the P y t h o n , 
sma l l , flattened, scale-like processes ; i n some Serpents t h e y are 
l o n g i t u d i n a l l y extended, and f r i n g e d at the m a r g i n ; the appearance 
o f c i r cu l a r or • c o n n i v e n t valves is due to the close coils o f the 
g u t w i t h i n a c o m m o n per i tonea l sheath. I n the Chama?leon the 
i n t e s t i n a l ruga? are r h o m b o i d a l , and t h e i r f r e e b o r d e r is m i n u t e l y 

1 xx. vol. i . p. 122, prep. no. 444. * I b p 2 0 3 ) p n ? p n Q 6 5 4 
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fimbriate. I n a To r to i s e ( Testudo indicd) t he i n n e r surface o f the 
smal l in tes t ine is r e t i c u l a t e : i n Testudo tabulata and i n the Emys 
europcea i t is disposed i n smal l and numerous l o n g i t u d i n a l ruga?: 
i n Chelone imbricata and Chelone Midas the p r i n c i p a l ruga? have a 
w a v y and s l i g h t l y z igzag d ispos i t ion . I n the Crocod i l e the l i n i n g 
membrane o f the j e j u n u m is finely r e t i c u l a t e : 
i n the i l e u m i t rises i n t o l o n g i t u d i n a l f o l d s : i n 
the co lon i t again becomes m i n u t e l y r e t i cu l a t e , 
and is t h r o w n i n t o i r r e g u l a r ruga?. 

T h e i n t e s t i n a l t u b e u s u a l l y somewhat d i m i 
nishes i n d iameter as i t approaches the colon. 
T h e Batrachia have no ca?cum; the smal l i n 
tes t ine , i n the F r o g , makes a sudden bend , to 
t e r m i n a t e o b l i q u e l y i n the shor t and w i d e co lon . 1 

T h e more ob l ique e n t r y o f the i l e u m i n t o the 
co lon o f the Crocod i l e gives the appearance o f a 
sho r t pouch o n one side : some o f the c i r cu l a r 
fibres o f t he muscu la r t u n i c enter the i leo-col ic 
v a l v e . 2 

I n the P y t h o n the l a rge in tes t ine begins b y 
a subelongate, p o i n t e d ca?cum, m a r k e d o f f f r o m 
the co lon b y a p l a i t ed v a l v u l a r f o l d ; 3 a succes
sion o f such fo lds occurs i n the rest o f the la rge 
g u t . I n some l a n d and f r e sh -wa te r Tor to ises 
( Testudo tabulata, Testudogrceca, Emys europcea) 
t he i l e u m opens o b l i q u e l y i n t o the side o f t h e 
b e g i n n i n g o f the co lon , l e a v i n g a shor t and 
s imple e ca?cal ' s u m m i t o f t h a t g u t ; * the m a r - Alimentary canai, 

. /i , »i , . „ ° , Draco volans. CCL. 
g ins of t h e neo-caecal o r i f i ce are p u c k e r e d i n t o 
f o l d s , t w o o f w h i c h , i n Testudo grceca, are c o n t i n u e d i n t o t h e 
co lon , t h e i n t e r v e n i n g g roove e x t e n d i n g f o r a shor t d is tance 
a l o n g t h e c u r v e o f t h e co lon . T h e co lon is l o n g e r and w i d e r 
i n t h e he rb ivo rous Tor to i ses , and u s u a l l y conta ins grass, leaves, 
or o the r vege tab le substances, t h e s m a l l in tes t ines b e i n g 
e m p t y . I n some species o f Agama (Ar disco soma), Galiotes, 
Stellio, Monitor, a n d i n t h e Draco volans, fig. 3 0 3 , k, t he re is a 
s m a l l caecum at t h e b e g i n n i n g o f the co lon , i b . i: and th i s g u t , 
w h e n d is tended, seems d i s t ingu i shab le f r o m the n a r r o w e r r e c t u m . 
B u t t h e mos t c o m p l e x l a rge in te s t ine has been m e t w i t h i n t h e 
h e r b i v o r o u s I g u a n a s . 5 T h e i l e u m t e rmina tes b y a s l i t o n a r i d g e 

' xx. vol. i. p. 204, no. 669. 2 Ib. no 670. 3 Ib. no. 671 A. 4 Ib. no. 671. 
5 xx. vol. i . p. 206, no. 671 B. 
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p r o j e c t i n g i n t o the caecum, w h i c h is c o n t i n u e d beyond , s p i r a l l y , 
and c o n t r a c t i n g to open i n t o t h e co lon b y a rounded p u c k e r e d 
aper tu re , at t he end o f a con ica l v a l v u l a r p rominence . V a l v u l a r 
fo lds o f the mucous membrane p r o j e c t i n t o the co lon f r o m i t s 
concave side, decreasing i n b r e a d t h as t h e y descend. T h e coats 
o f t h e in tes t ine m a k e smaller inden ta t ions f r o m the convex side, 
opposite the in t e rva l s o f the l a rge r fo lds . B e y o n d these fo lds the 
co lon d iminishes i n d iameter , a n d makes a sudden t u r n u p o n 
i t s e l f before becoming the ' r e c t u m . ' T h e caecum is , here , n o t a 
mere ' capu t c o l i , ' b u t a d i s t i nc t segment o f t h e a l i m e n t a r y canal , 
h a v i n g an o r i f i ce f o r ingress, and a second f o r egress, o f contents , 
analogous t o the cardia and p y l o r u s o f the s tomach, w i t h parietes 
more muscu la r t h a n e i ther o f the in tes t ines w i t h w h i c h i t c o m 
munica tes . 1 

I t w o u l d seem, f r o m p e t r i f i e d contents or excre t ions o f t h e 
in t e s t ine , t h a t some pa r t , p r o b a b l y the t e r m i n a l one, o f t h i s canal 
had been p r o v i d e d , i n the e x t i n c t I c h t h y o s a u r , w i t h a sp i r a l v a l v e , 
fig. 105 ( ' c o p r o l i t e ' figured be low the pe lv i s ) . 

T h e r e c t u m does n o t open d i r e c t l y u p o n t h e ex t e r i o r o f the 
b o d y i n any B e p t i l e , b u t i n t o a c a v i t y , or ' cloaca, ' c o m m o n t o i t 

1 The following Table (CCXLV. p. 92) gives the weight of the body, in grains, and 
the lengths of the alimentary canal, in inches, in various Reptiles. 

Length Weight of Length of 
of body- the body- the canal 
inches grains inches 

Menopoma alleghaniensis 24 
Rana Catesbiana (Bullfrog) 9, 800 34 
Heterodon niger (Black viper) 32 4, 620 26 
Psammophisjtagelliformis (Coachwhip snake) 68 5; 141 42 
Coluber guttatus (Corn snake) 54 9, 600 54 
Coluber constrictor (Black snake) . 54 5, 100 36 
Crotalus adamanteus (Rattlesnake) 48 6, 180 42 
Alligator mississippiensis (Alligator) 211, 940 147 
Chelone caretta (Loggerhead turtle) 36, 985 102 
Chelydra serpentina (Snapping turtle) 16, 235 46 
Emys reticulata (Chicken terrapin) 8, 400 38 
Emys serrata (Yellow-bellied terrapin) . 27, 172 66 
Testudo Polyphemus (Gopher) 45, 500 78 
Trionyx ferox (Soft turtle) 48 

Length Length of Length 
of the small in of large 

sto testine intes
mach tines 

Menopoma alleghaniensis 
inches inches inches 

Menopoma alleghaniensis H 16 6 
Rana Catesbiana 4 30 
Chelydra serpentina 4 32 10 
Testudo Polyphemus. 8 24 46 
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w i t h t h e u r i n a r y , g e n i t a l , and a l lan to ic or i f ices , w h e n the l a t t e r 
b ladder persists i n any degree. 

I n the Batrachia1 t he a l lan to is opens i n t o the f o r e p a r t o f the 
cloaca, o r , as i t seems, i n t o t h a t p a r t o f the r e c t u m ; b e h i n d the 
r ec t a l o u t l e t are the orif ices o f the t w o sperm-ducts or o v i d u c t s : 
b e h i n d these are the or i f ices o f t h e u r e t e r s ; the g e n i t a l and 
u r i n a r y ou t le t s are u s u a l l y p r o m i n e n t . T h e r ec t a l o r i f i ce is less 
d i s t i n c t and cons t r ic ted , and the cloaca seems more a c o n t i n u a t i o n 
o f the g u t t h a n i n h ighe r Rep t i l e s . I n t h e male T r i t o n t h e 
r e c t u m f o r m s a v a l v u l a r p r o j e c t i o n i n t o the cloaca, a f t e r i t has 
rece ived t h e or i f ices o f the vasa deferent ia . 

I n t r u e Ophidia the re is no r e m n a n t o f a l lantois open ing i n t o 
the f o r e p a r t o f the r e c t u m or c loaca; i n Anguis a smal l b ladder 
remains i n t h a t connec t ion , 2 w h i c h expands, i n l i m b e d L i z a r d s , t o 
l a rge r p ropor t ions . I n Coluber, as i n o ther Serpents , t he t e r m i n a l 
o r i f i ce o f the r e c t u m is w e l l m a r k e d ; b e h i n d i t is a semi lunar 
fissure, r e c e i v i n g t h e out le t s o f the ov iduc t s , and b e h i n d t h a t is 
the b i l o b e d p rominence o n w h i c h t h e ure ters open . 3 T h e cloaca 
i n L i z a r d s shows t h e v a l v u l a r f o l d b e t w e e n t h e i n t e s t i na l o r i f i ce 
a n d those o f t h e g e n i t a l and r e n a l condui t s , toge ther w i t h t h e 
o r i f i c e o f the a l lantois a t t he f o r e p a r t o f t h e r e c t u m . I n t h e 
Chelonia t he a l lantois , fig. 3 0 2 , u ' , opens i n t o the f o r e p a r t o f t h e 
cloaca, b e l o w or b e y o n d the r ec t a l o r i f i c e : t h i s has a d i s t i n c t 
s p h i n c t e r ; 4 t he c o m p a r t m e n t o f the cloaca r e c e i v i n g the t e r m i n a l 
or i f ices o f the g e n i t a l and u r i n a r y canal , and o f the a l lan to is , is also 
d i v i d e d b y a p r o j e c t i n g border , l i k e a d i s t i n c t o r i f i c e , f r o m t h e 
ou te r c o m p a r t m e n t , i n w h i c h the c l i t o r i s , ' f i g . 3 0 2 , H , or penis l i e s : 
t he f o r m e r is t e r m e d the c u r o g e n i t a l , ' t he l a t t e r the ( ves t ibu la r , ' 
p a r t o f the c loaca; t h e u r o g e n i t a l o r i f i c e is t ransverse or semi- lunar . 
I n Chelydra serpentina the o v i d u c a l or i f ices are i m m e d i a t e l y b e h i n d 
t h e r e c t a l one : t h e a l l an to ic o r i f i c e is i n f r o n t o f i t ; b e h i n d the 
ov iduc t s are the t e r m i n a t i o n s o f the u re te r s , a n d b e h i n d these, 
w i t h i n t h e v e s t i b u l e , are the w i d e or i f ices o f t w o cloacal saccu l i , 5 

each o f w h i c h exceeds t h e a l lan to is i n size. I n Emys europcea, 
fig. 3 0 2 , u , U , t h e y equa l t h e a l l an to ic b ladder , u ' T h e a l lan to is 
i n t h e Crocodilia is r educed t o a u r i n a r y b l a d d e r - l i k e d i l a t a t i o n o f 
t h e f o r e p a r t o f t h e cloaca, i n t o w h i c h the r e c t u m opens o b l i q u e l y , 
a n d b y a v a l v u l a r p r o t r u s i o n ; the g e n i t a l or i f ices are b e h i n d t h i s , 

1 Siren, xx. vol. iv. no. 2695 ; Amphiuma, ib. no. 2397; Menopoma, ib. no. 239 ; Tor
toise, ib. nos. 2401, 2699; Salamandra, ib. no. 2407; Rana, ib. nos. 2409, 2702; Pipa, 
ib. no. 2707. 

2 xx. vol. iv. p. 57, no. 2422. 3 Ib. no. 2708. 4 Ib. vol. i . no. 751. 
5 Anal sacculi,' xx. vol. iv. (1838) p. 147, no. 2722 B. 'Vessies auxiliares,' 

CCXLIV. (1839), p. 456. 'Vessies lombaires,' ccxxxix. torn. v i . p. 363. 
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and t h e n come those o f the u re te r s . 1 T h e u r o g e n i t a l c o m p a r t 
m e n t opens i n t o the ves t ibu le b y a n a r r o w fissure, the l o w e r p a r t 
o f w h i c h is c o n t i n u e d i n t o the g roove o f t h e penis or c l i t o r i s 
l y i n g i n t h e ves t i bu l e . 

T h e cloacal o u t l e t , Commonly t e r m e d the i anus, ' var ies i n shape 
i n Reptilia, b u t is more constant i n pos i t i on t h a n i n Pisces; i t is 
never so f a r f o r w a r d as i n some o f t h a t class. I n t a i l e d Batrachia 
i t is a l o n g i t u d i n a l s l i t i n t h e axis o f the t r u n k ; i n anourous 
larvae i t is p ro tec ted b y fo lds o f membrane , w h i c h u n i t e t o f o r m 
the l o w e r border o f the t a i l - f i n ; d u r i n g t h e progress o f absorp t ion 
o f t h i s n a t a t o r y o rgan the anus is somewhat advanced, a n d assumes 
a r o u n d e d f o r m w i t h a sphincter . I n t h e Sea-snake (Pelamys) 
the anus is l o n g i t u d i n a l l y b i l ab ia te , b u t t h e an te r io r p a r t o f t h e 
fissure is crossed b y a semi lunar f o l d or r i d g e . I n L i z a r d s the 
cor responding f o l d , w i t h i t s scaly c o v e r i n g , is l a rger , covers m o r e 
o f t he o r i f i ce , and gives i t a t ransverse semi lunar shape. I t has a 
s imi la r f o r m i n the T u r t l e . I n Emys i t is a p u c k e r e d ape r tu re , 
w i t h a t u n i c a l border beneath t h e base o f the t a i l ; i n Trionyx i t 
is a l o n g i t u d i n a l o r i f i ce , a n d nearer the end o f the shor t t a i l . I n 
the I g u a n a the pos ter ior va lve o f t h e cloacal open ing is a p p r o x i 
ma ted , and app l i ed to the an te r io r one b y a musc le w h i c h arises 
f r o m each angle o f the fissure or f o l d b e t w e e n the t a i l and t h e 
t h ighs . T h e d i l a t a t i o n o f the o r i f i ce is p roduced b y t w o pairs o f 
muscles, a t tached, the one t o the f emoro-cauda l f o l d , t he o ther t o 
the l o w e r surface o f the t a i l . 

§ 76. The Liver of Reptiles. — T h i s o rgan is p r o p o r t i o n a l l y 
la rge i n a l l R e p t i l e s : i t s f o r m is m a i n l y gove rned b y t h a t o f t h e 
body . I n Serpents , fig. 300 , o, i t is un i loba te , l o n g , a n d s l ender ; 
i n Tor to ises , fig. 302 , i, i t is shor t and b road , c h i e f l y composed o f 
t w o subequal lobes ; i n L i z a r d s , fig. 2 9 2 , k, i t offers an i n t e r 
mediate f o r m . 

I n the Lepidosiren t he l i v e r consists o f one l o n g lobe , w i t h a 
t ransverse n o t c h o n the l e f t side, l o d g i n g the ga l l -b ladder . I n 
t h e Siren t he l i v e r presents a s imi la r f o r m , w i t h the a d d i t i o n o f a 
smal l l e f t lobe a t t he an t e r io r end. I n the A m p h i u m e t h e l o n g 
and slender s u b t r i h e d r a l l i v e r extends t h r o u g h nea r ly t w o t h i r d s 
o f the abdomina l c a v i t y , and the ga l l -b l adder is an i n c h d i s t an t 
f r o m the l o w e r end. I n the M e n o p o m e t h e l i v e r is shorter a n d 
broader , w i t h the ga l l -b ladder l odged i n a fissure w h i c h makes 
the poster ior end b i f u r c a t e . I n t h e N e w t the l i v e r has a s imi l a r 
t e r m i n a l n o t c h i n t o w h i c h a pe r i tonea l f o l d enters. I n t h e F r o g 

1 xx. vol. i. no. 747, vol. iv. no. 2438. 
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the l i v e r is d i v i d e d i n t o a r i g h t and l e f t lobe , w i t h subdivis ions o f 
the l a t t e r . I n the P i p a the r i g h t and l e f t d iv is ions are q u i t e 
d i s t i nc t , and each is subd iv ided . I n Ccecilia t he e longated l i v e r 
is d i v i d e d i n t o several smal l flattened lobes. T h e l i v e r , i n the 
Chameleon , consists o f one l o b e ; i n the G e c k o (Platydactylus 
guttatus) a n d the Draco volans, fig. 2 9 2 , k, i t is t r i a n g u l a r : the 

an t e r io r angle accompanies t h e vena cava t owards the h e a r t : a 
second angle , m, m, enters t h e cu rve o f the s tomach : the t h i r d is 
d i r ec t ed b a c k w a r d , a long the r i g h t s ide : the ga l l -b ladder l ies i n a 
n o t c h b e t w e e n the las t t w o angles. I n some o the r L i z a r d s t h i s 
n o t c h is deeper, and t h e increased size o f the l e f t process g ives t h e 
l i v e r a b i l o b e d cha rac t e r ; t h e vena porta? enters t h e fissure, t h e 
vena cava enters t h e longe r r i g h t lobe. I n t h e I g u a n a t h e l i v e r 
ex tends f r o m r i g h t t o l e f t , w i t h a c o n v e x i t y f o r w a r d , and w i t h a 

V O L . i . GO 
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slender p r o l o n g a t i o n a long the r i g h t side, i n t o the apex o f w h i c h 
the postcaval v e i n enters. I t has a n a r r o w c f a l c i f o r m ' l i gamen t . 

I n the Crocod i l e the l i v e r is d i v i d e d i n t o a r i g h t and l e f t lobe , 
a n t e r i o r l y , b y the hear t , w h i c h a lmost w h o l l y enters the fissure. 
T h e r i g h t lobe is the largest , w i t h t h e ga l l -b ladder on i t s concave 
side. T h e l i v e r is more e q u a l l y d i v i d e d i n Chelonia, fig. 3 0 4 , 1 , I , 
and ch i e f ly also b y the hear t , i b . A ' , B ' T h e s tomach, i b . K , 
deep ly impresses the l e f t lobe , and is b u r i e d i n i t i n some species 
(Emys serratd). I n m a n y the re is a process, l i k e the * lobu lus 
S p i g e l i i , ' e n t e r i n g the cu rve o f the stomach. I n the h ighe r 
R e p t i l e s the l i v e r is conta ined i n a pe r i tonea l p o u c h ; i n Chelonia 
and Crocodilia each lobe has i t s pouch more or less d i s t i nc t . I n 
the Crocodi le the capsule becomes aponeurot ic , whence i t is con
t i n u e d f r o m the sterno-sacral border o f the g l a n d to the abdomina l 
parietes, t o be connected, l i k e a d i a p h r a g m , w i t h the t ransversus 
abdominis musc le . 1 

T h e lobes o f the l i v e r are subd iv ided i n t o numerous and m i n u t e 
lobules , compac t ly u n i t e d b y i n t e r l o b u l a r ce l lu l a r t issue. T h e 
lobules themselves are composed o f corpuscles, or e ac in i , ' occupy
i n g the meshes o f the vascular n e t w o r k p e r v a d i n g the l o b u l e ; 
these e a c i n i ' are l a rge r i n Rep t i l e s t h a n i n Fishes . T h e i r 
secret ion finds i t s w a y i n t o b i l i a r y canals, d i s t ingu ishab le as 
such, w i t h p roper w a l l s , o n the ex t e r io r o f the l o b u l e ; these 
ducts anastomose i n the i n t e r l o b u l a r spaces, a n d f o r m la rger 
canals, a ccompany ing t h e hepat ic vessels^ and , a f t e r repeated 
un ions , i s su ing , as the ' h e p a t i c ducts , ' f r o m the p o r t a l fissure. 
T h e wa l l s o f the ducts have no f o l l i c u l a r g landules . T h e hepat ic 
t issue i n Rep t i l e s is u s u a l l y sof ter t h a n i n w a r m - b l o o d e d V e r t e -

1 Dr. Jones, CCXL v. p. 113, ascertained the weight of the body and of the liver in the 
following Reptilia, and gives the relative weight of the latter in the subjoined form. 

Weight of 
the body-

Number of 
times the 
weight of 
its liver 

Rana Catesbiana (Bullfrog) 
in grains. 

Rana Catesbiana (Bullfrog) 9, 800 55 
Heterodon niger (Black viper) 4, 620 26 
Psammophisflagelliformis (Coachwhip snake) 5, 141 71 
Coluber guttatus (Corn-snake) 9, 600 64 
Coluber constrictor (Black snake) 5, 100 57 
Crotalus adamanteus (Rattlesnake) ., 6, 180 55 
Alligator mississippiensis (Alligator) 76, 507 73 
Chelone caretta (Loggerhead Turtle) 36,985 47 
Chelydra serpentina (Snapping turtle) 16,985 42 
Emys terrapin (Salt-water terrapin) 11,937 53 
Emys reticulata (Chicken terrapin) 8, 400 18 
Emys serrata (Yellow-bellied terrapin) 23, 100 48 
Testudo Polyphemus (Gopher) 45,500 50 
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brates, and firmer t h a n i n Fishes . I t never contains so la rge a 
p r o p o r t i o n o f o i l as i n plagiostomous and some other Fishes. 

A ga l l -b ladder exists i n a l l Rep t i l e s . I t l ies i n a no t ch o n the 
l e f t side o f the e longated l i v e r i n the L e p i d o s i r e n , S i r e n , P ro t eus , 
a n d A m p h i u m e , and i n a n o t c h a t the h i n d end o f the l i v e r i n 
Menopoma, Triton, and Salamandra. I n A n o u r o u s B a t r a c h i a t h e 
ga l l -b l adder is imbedded i n the r i g h t lobe. I n t h e Chameleon 
t h e ga l l -b ladder is a t t he h i n d border o f the l i v e r ; i n Draco 
volans, fig. 292 , m, i t l ies i n the n o t c h be tween the l e f t and h inde r 
a n g l e ; i n the Cyc lodus and I g u a n a i n the n o t c h be tween the t w o 
h inde r divis ions o f the l i v e r . T h e ga l l -b ladder is deeply i m 
bedded i n the substance o f the r i g h t lobe o f the l i v e r i n Testudo: 
i t adheres b y about one t h i r d o f i t s l e n g t h t o the r i g h t lobe i n 
Chelone: i t has a s imi l a r a t t achment i n Crocodilus, b u t is less 
closely connected, and sometimes q u i t e detached, i n Alligator and 
Gavialis. I n t r u e O p h i d i a the ga l l -b ladder , fig. 300 , p, is r emoved 
b e y o n d the l i v e r t o the side o f the n a r r o w canal connec t ing the 
s tomach w i t h t h e in tes t ine . I n the snake- l ike L i z a r d s (Anguis, 
Amphisbcena) the ga l l -b l adder is i n contact w i t h the l i v e r . 

I n Lepidosiren, Siren, and Amphiuma, t h e hepat ic ducts com
mun ica t e w i t h the cys t i c , o r w i t h the ga l l -b l adde r (Siren), and 
the b i l e is conveyed d i r e c t l y b y t h e cys t i c d u c t t o t h e b e g i n n i n g 
o f t he in tes t ine . I n the I g u a n a there is a d i s t i n c t hepat ic d u c t 
w h i c h enters the d u o d e n u m about an i n c h f r o m the p y l o r u s , 
a cys t -hepat ic d u c t w h i c h enters the side o f the ga l l -b ladder , and 
cys t i c ducts w h i c h leave the globose b ladder a b r u p t l y . I n Che
lonia t he hepat ic ducts u n i t e w i t h the c y s t i c : b u t sometimes one 
is c o n t i n u e d d i r e c t l y t o the in t e s t ine ( Testudo grceca). I n Chelone 
Midas a l o n g hepat ic d u c t f r o m t h e l e f t lobe un i t e s w i t h a shor ter 
one f r o m t h e r i g h t lobe , and the t r u n k j o i n s the cys t ic near i t s 
ent rance i n t o the d u o d e n u m . T h e cys t ic is v e r y shor t a n d w i d e , 
a n d r u n s o b l i q u e l y t h r o u g h the t h i c k wa l l s o f t h e duodenum. 
I n the Crocod i l e t h e hepat ic d u c t sends a b r a n c h to the g a l l 
b ladder , and goes t o t e r m i n a t e i n t h e d u o d e n u m , d i s t i n c t f r o m t h e 
cys t ic . T h i s arises f r o m the apex o f the b ladder , and is l o n g and 
s t r a igh t . I n Ophidia t h e hepat ic d u c t is o f g rea t l e n g t h , and 
un i t e s w i t h t h e cys t i c i n the substance o f the pancreas, near 
t h e t e r m i n a t i o n o f the c o m m o n duc t . I n some species (Dispho-
lidus) i t p r e v i o u s l y sends a b r a n c h d i r e c t l y to t h e ga l l -b ladder . 
T h e cys t i c d u c t i n Python, s ingle a t i t s commencement , d iv ides 
i n t o numerous branches, w h i c h penet ra te the pancreas, a n d re 
u n i t e w i t h each other a n d t h e hepat ic be fo re t e r m i n a t i n g i n t h e 
d u o d e n u m . T h e advantage o f t h i s m o d i f i c a t i o n o f the b i l i a r y 

G G 2 
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receptacle and ducts is obvious . H a d t h e ga l l -b ladder been 
a t tached to the l i v e r , as i n insec t ivorous Anguidce and Lizards, 
i t w o u l d have been compressed b y the p r e y , w h i c h i n t r u e 
Serpents is u s u a l l y o f l a rge b u l k w h e n i n t r o d u c e d i n t o t h e 
stomach. T h e s t imulus o f such pressure w o u l d have l e d to the 
expu l s ion o f the contents o f the ga l l -b l adder i n t o the in tes t ine 
before the c h y m e had been prepared , and passed o n i n t o t h e 
g u t : t he r e l a t i ve pos i t ion o f the l i v e r t o the s tomach subjects 
the g l a n d to such s t imu lus t o secrete w h i l s t the contents o f t h e 
dis tended stomach are u n d e r g o i n g d iges t ion . T h e b i l e is con
veyed away b y the l o n g hepat ic d u c t , b u t is re f lec ted a long 
the b r a n c h i n g cys t ic ducts t o the ga l l -b ladder , w h i c h has been 
t r ans fe r r ed to a pos i t ion b e y o n d the pressure o f the stomach. I t 
is so placed, however , as t o be affected b y the distension o f the 
n a r r o w canal w h i c h conveys the c h y m e to the duodenum, and is 
thus s t imu la t ed to render u p the b i l e t o the g u t , j u s t at the t i m e 
w h e n i t is w a n t e d f o r the separat ion o f the c h y l e f r o m the chyme. 
T h i s f a c t i n compara t ive ana tomy is s i gn i f i can t o f the share t a k e n 
b y the b i l i a r y secret ion i n the act o f c h y l i f i c a t i o n . 

T h e ga l l -b ladder is no t , however , a s imple r e se rvo i r ; i t s vascular 
and secret ing i n n e r surface can operate u p o n the b i l e b y b o t h 
sub t r ac t ion and a d d i t i o n : the more w a t e r y p a r t m a y be d imin i shed 
b y a b s o r p t i o n : the c y l i n d r i c a l ep i the l i a l cells w h i c h f o r m the 
inne rmos t l aye r o f the mucous membrane m a y be shed i n t o the 
l i q u i d , w i t h the contents o f mucous f o l l i c l e s w h i c h are more or 
less developed i n t h a t membrane . T h e mucous surface is 
augmented b y m i n u t e f u r r o w s i n the Crocodi le : i n the Testudo 
elephantopus i t is nea r ly smooth. 

T h e b i l e i n Chelonia and mos t Rep t i l e s is g r e e n : H u n t e r 
notices i t s pale y e l l o w colour i n the e W a t e r - s n a k e , ' and i t s w a n t 
o f b i t t e r taste i n the Chameleon . 1 C h e m i c a l researches o n the 
n a t u r e o f b i l e have been almost e x c l u s i v e l y c o n f i n e d to t h a t o f 
M a m m a l s , i n connec t ion w i t h w h i c h class the c h i e f resul ts w i l l 
be noted . T h e g lycocho l i c ac id is w a n t i n g i n the b i l e o f t h e 
B o a , as i n t h a t o f the D o g . A s m i g h t be supposed, f r o m the 
p r eva l en t co lour o f the b i l e i n Rep t i l e s , the ' b i l i v e r d i n e ' p r i m a r i l y 
exists i n i t , n o t as a t r a n s f o r m a t i o n o f e cho l epy r rh ine , ' w h i c h is 
the p r i m a r y c o l o u r i n g p r i n c i p l e i n mos t M a m m a l s . T h e p ropor 
t i o n o f taurochola te o f soda i n the b i l e o f a P y t h o n is es t imated 
at 8-46 i n 100, and i n t h a t o f a B o a t o 6*2 i n 1 0 0 ; a t race o f the 
same p r i n c i p l e has been detec ted i n the b i l e o f a Tor to i se . I n 

1 ccxxxvi. vol. i i . pp. 373, 378. 
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a l l Rep t i l e s t h e b i l e is poured i n t o the g u t near t o , sometimes 
close t o , t he p y l o r u s . 1 

§ 77 . Pancreas of Reptiles.— T h e pancreas i n Rep t i l e s is a 
l i g h t g r e y o r y e l l o w i s h , sometimes p i n k i s h , co loured g l a n d , con
s i s t ing o f numerous ' ac in i , ' g i v i n g o r i g i n each to a duc t , t he 
a c i n i b e i n g u n i t e d b y t h e m , l i k e the shor t s talks o f grapes, i n 
bunches , abou t a l a rge r d u c t ; 
such aggregates o r ' l obu le s ' 
f u r t h e r u n i t i n g i n t o £ lobes, ' 
and t h e i r ducts i n t o a c o m 
m o n canal , w h i c h te rminates 
e i ther w i t h , or close t o , t h e 
b i l i a r y d u c t i n the in tes t ine . 
T h e lobes are separate i n 
Python, o f a subc i rcu la r 
flattened f o r m , suspended 
c lus ter -wise b y ducts o f f r o m 
s ix to t w e l v e l ines i n l e n g t h , 
before u n i t i n g i n t o the c o m 
m o n canal. 

T h e pancreas has a close 
t e x t u r e i n he rb ivorous Che
lonia, f o r m i n g a t h i n l aye r , 
spread o u t i n the duodenal 
mesentery , fig. 305 , w h e r e 
i t branches i n t o numerous 
lobes. I n most Ophid ians 
and i n m a n y L i z a r d s i t p r e 
sents a more compact f o r m , fig. 3 0 1 , f . T h e r e are i n t e rmed ia t e 
condi t ions o f s t r u c t u r e i n the present class. T h e pancreas is 
r a m i f i e d i n Menobranchus: i t is more c i r cumsc r ibed i n Menopoma, 
w h e r e i t f o r m s a l o n g , s lender , y e l l o w g land . I t is r a the r broader 
i n Amphiuma and Triton. I n t h e F r o g , fig. 306 , p, i t is flattened, 
e longate , n a r r o w e s t a t the emergence o f t h e d u c t (opposi te c ) , a n d 
s end ing a process, w h i c h sur rounds t h e g a l l - d u c t , as f a r as the g a l l 
b ladder . I n the Salamander i t is l o n g and n a r r o w . I t is t h i c k a n d 
p y r a m i d a l i n Ccecilia alhiventer; s t r a igh t , e longate , and s l i g h t l y 
f o r k e d i n C&cilia interrupta: i t is o v o i d i n mos t Coluhridce; o f a 

1 The relative size of the liver in Reptilia does not relate to, or throw light on, its 
probable accessory function as an elaborator of the albumen and disc-cells of the 
blood, or as helping to maintain animal temperature by the formation of grape-sugar 
out of the nitrogenized elements. Dr. Jones, however, detected the presence of grape-
sugar in the liver of cold-blooded Animals at all periods of starvation. 

305 

Pancreas and spleen of the Turtle (Chelone Midas), coxxx: 
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compact t r i a n g u l a r f o r m i n the Ra t t l e snake , 1 whe re i t is closely 
a t tached to the commencement o f the in tes t ine , and is pe r fo ra ted b y 
the b i l i a r y ducts . T h e pancreas is sma l l and flattened i n L i z a r d s , 
u sua l l y d i v i d i n g as i t recedes f r o m the a t t achment b y the d u c t t o 

the d u o d e n u m i n t o a p o r t i o n accompanying 
306 the b i l i a r y duc t , and another e x t e n d i n g to 

or towards the spleen. I t is v e r y smal l i n 
t h e I g u a n a . I n t h e Crocodi le the pan
creas is d i v i d e d i n t o t w o elongated lobes, 
and sometimes sends i t s secret ion i n t o the 
d u o d e n u m b y t w o ducts . I n Chelydra 
serpentina t he pancreas extends f r o m t h e 
p y l o r u s some inches a long t h e d u o d e n u m , 
chv id ing and again u n i t i n g , f o r m i n g a loop , 
and g i v i n g o f f a process w h i c h extends t o 
t h e spleen. I n the T u r t l e ( Chelone Midas) 
t he pancreat ic d u c t t e rmina tes on a pa
p i l l a , w h i c h pro jec ts i n t o t h e t e r m i n a l ex
pansion, or ' a m p u l l a , ' o f the b i l e -duc t . 

T h e pancreas i n carn ivorous T e r r a p i n s (Emys) is more b u l k y 
and compact i n f o r m than i n the f u c i v o r o u s T u r t l e s ( Chelone). 

T h u s i n the vegetab le- feeding Gopher the pancreas is o f 
t h e t o t a l w e i g h t o f the a n i m a l : w h i l s t i n the carn ivorous Snapper 
i t is -ĝ -Q o f the t o t a l w e i g h t o f the an imal . A s the p r o p o r t i o n 
o f f a t consumed b y C a r n i v o r a m u s t be greater t h a n t h a t b y 
H e r b i v o r a , t he resul ts o f the above compara t ive observations 
accord w i t h t h e v i e w o f the use o f the pancreas i n p r e p a r i n g 
f a t t y mat te rs f o r absorp t ion . 2 

1 xx. vol. i. p. 235, no. 778. 
2 Dr. Jones, CCXLV. p. 107, ascertained the weight of the body and of the pancreas 

in several American Reptilia, and gives the relative weight of the latter in the sab-
joined form. 

Number of times 
the weight 

of its pancreas. 
1088 
537 

1353 
1371 
472 
965 
518 
630 
994 
763 

1067 
3500 

Rana Catesbiana (Bull-frog) 
Heterodon niger (Black viper) 
Psammophisflagelliformis (Coachwhip snake) 
Coluber guttatus (Corn snake) . 
Coluber constrictor (Black snake) 
Crotalus durissus (Banded rattlesnake) 
Chelone caretta (Loggerhead turtle) 
Chelydra serpentina (Snapping turtle) 
Emys terrapin (Salt-water terrapin) 
Emys reticulata (Chicken terrapin) 
Emys serrata (Yellow-bellied terrapin) 
Testudo Polyphemus (male Gopher) 
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C H A P T E R V I . 

ABSORBENT SYSTEM OF HiEMATOCRYA. 

§ 78. ALL the definite structures of soft parts — acini and 
s imple r g l and - fo l l i c l e s , t h e i r p r o l o n g e d out le t s o r ' duc t s , '—com
pacted sheets or s t ra ta ca l led ' s k i n ' and ' membranes, ' mucous or 
serous,—bladders , sinuses, and tubes , a r t e r i a l or venous,—threads 
or fibres, muscu la r , l i gamen tous , or nervous—are covered, coated, 
or l i n e d , b y a loose or so f t elastic substance, w h i c h , as i t c o n 
nects the b e t t e r - d e f i n e d s t ruc tu res toge ther , a n d fills u p t h e i r 
interspaces, is t e r m e d e connec t ive tissue ' (tela conjunctiva, tela 
cellulosd). I t is dispersed i n i r r e g u l a r plates, w i t h i n t e r v a l s , cel ls , or 
: lacuna?,' and the plates consist o f del icate and e x t r e m e l y m i n u t e 
fibrils. T h e i n t e rva l s con ta in a fluid ca l l ed ( serous,' v a r y i n g 
i n q u a n t i t y , a n d also i n q u a l i t y , accord ing t o c i r cums tances : 
a n d t h e y i n t e r c o m m u n i c a t e f r e e l y . These cavi t ies are the seat 
o f a t r a n s u d a t i o n f r o m e vessels ' and o ther more d e f i n i t e fluid-
h o l d i n g s t ruc tures d u r i n g l i f e : and r ec ip roca l ly t h e e serosi ty ' is 
resumed b y the beg inn ings or pores o f sinuses and canals. 

T h e serosi ty o f the cavi t ies o f the connec t ive t issue u s u a l l y 
consists o f — 

Water 975-20 
Albumen. 5 "42 
Extractive matters and fat 0-76 
Mixed salts 15 62 1 

B u t i t is sub jec t t o var ie t ies f r o m m a n y causes, mechan ica l a n d 
chemica l , o p e r a t i n g b o t h w i t h i n and o u t o f t h e body . 

T h e vessels or canals w h i c h seem to be mos t c losely connected 
w i t h , or t o be mos t d i r e c t l y t raceable f r o m , t h e connec t ive 
t issue and i t s lacuna? are those ca l led l y m p h a t i c s , lacteals, a n d 
absorbent vessels. T h i s sys tem exists as a separate o rgan ic 
vascular apparatus o n l y i n the V e r t e b r a t e s u b k i n g d o m : i t was 
first observed i n M a m m a l i a , 2 was d iscovered b y J o h n H u n t e r i n 

1 CCLII. 
2 In the dog, by Aselli, in 1622 : at least the part of the absorbent system called 

' lacteals,' in the mesentery of the animal, CCLIII. 
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B i r d s 1 and R e p t i l e s , 2 and a f t e rwards described b y M r . H e w s o n 
and D r . M o n r o i n Fishes. T h e most systematic and deta i led 
descr ipt ions o f the absorbent system o f the Oviparous A n i m a l s , 
pub l i shed i n the las t c e n t u r y , are those o f H e w s o n . 3 

§ 79 . Absorbents of Fishes. — T h e lac tea l system i n Fishes 
commences b y a r e t i cu l a t e or p l e x i f o r m l aye r o f vessels at tached 
t o the connect ive tissue on the ou te r or ce l lu la r side o f the mucous 
coat o f the s tomach and in t e s t ines : i n the S k a t e 4 the n e t w o r k is so 
coarse t ha t , w h e n i n f l a t e d , d r i e d , and c u t open, i t appears l i k e a 
subd iv ided ce l lu la r or areolar receptacle. T h e chy le is conveyed 
thence i n a l l Fishes b y more va s i fo rm lacteals, s i tuated immed ia t e ly 
beneath the serous c o v e r i n g o f the intest ines , t o la rge re t icu la te r e 
ceptacles, one i n the mesenteric angle a long the j u n c t i o n o f the smal l 
and la rge intest ines, the other ex t end ing a long the duodenum, i t s 
pancreat ic appendages, and the p y l o r i c pa r t o f the stomach, and 
o f t e n also s u r r o u n d i n g the spleen. T h e presence o f the mesentery 
i n the M y x i n o i d s , and i t s absence i n the L a m p r e y s , i n v o l v e corre
sponding differences i n t h e i r lac tea l sys tems: i n the M y x i n o i d s 
the lacteals are suppor ted and conveyed b y the mesentery to the 
dorsal r e g i o n o f the abdomen, and e m p t y themselves i n t o a 
receptacle above the aorta and the ca rd ina l veins , be tween these 
and the v e r t e b r a l c h o r d : i n the L a m p r e y t h e lacteals pass 
f o r w a r d , and enter the abdomina l cavernous sinus beneath the 
aorta. 

T h e l y m p h a t i c sys tem is best demonstra ted b y i n j e c t i n g the 
la rge absorbent t r u n k w h i c h runs u p o n the i nne r surface o f the 

1 ' It is but doing justice to the ingenious Mr. John Hunter to mention here, that 
these lymphatics in the necks of fowls were first discovered by him many years ago.' 
(Hewson, civ. 1768, p. 220.) 

2 Hunter's account of this discovery is as follows:—' In the beginning of the winter 
1764-5, 1 got a crocodile, which had been in a show for several years in London 
before it died. I t was, at the time of its death, perhaps the largest ever seen in this 
country, having grown, to my knowledge, above three feet in length, and was above 
five feet long when it died. I sent to Mr. Hewson, and, before I opened it, I read over 
to him my former descriptions of the dissections of this animal relative to the 'absorbing 
system,' both of some of the larger lymphatics and of the lacteals, with a view to see 
how far these descriptions would agree with the appearances in the animal now before 
us; and, on comparing them, they exactly corresponded. This was the crocodile 
from which Mr. Hewson took his observations of the colour of the chyle.' Hunter 
here alludes to the note appended to Mr. Hewson's paper on the ' Lymphatic System 
in Amphibious Animals,' Philosophical Transactions, vol. lix. 1769, p. 199 a: ' I n 
a crocodile which I lately saw by favour of Mr. John Hunter, the chyle was 
white.' 

3 CIV. 1768, 1769. 
4 In this and other Plagiostomes the gastric lacteals are confined chiefly to the 

contracted pyloric canal. 
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v e n t r a l parietes o f the abdomen, a long t h e med ian l i n e f r o m t h e 
v e n t f o r w a r d t o t h e interspace o f the pec to ra l fins, where t h e 
size o f the vessel best f a v o u r s the i n se r t i on o f the i n j e c t i n g - p i p e . 
I t receives the l y m p h a t i c s o f t h e pectorals , and ( i n thorac ic and 
j u g u l a r F i shes ) o f the v e n t r a l fins: t h e n , a d v a n c i n g ^ f o r w a r d 
t h r o u g h the coracoid a rch , i t spreads o u t i n t o a r i c h n e t w o r k , 
w h i c h a lmos t sur rounds the p e r i c a r d i u m . T h e l y m p h a t i c p lexus 
w h i c h covers the hear t o f the S t u r g e o n and Padd le - f i sh presents 
a spongy and a lmost g l a n d u l a r appearance w h e n u n i n j e c t e d : the 
t issue b e t w e e n the muscu la r a n d mucous coats o f the g u l l e t i n 
t h e R a y s , 1 t h e g l a n d - l i k e mass i n the o r b i t and palate o f t h e 
Chimaerae, a n d t h a t l odged i n a pe r i tonea l f o l d o f ce r t a in Sharks , 
m a y l i k e w i s e be appendages to the l y m p h a t i c sys tem. 2 L a r g e 
l y m p h a t i c t r u n k s f r o m the uppe r (dorsa l ) p a r t o f the c i r c u m -
card ia l p l exus receive the l y m p h a t i c s o f the m y o c o m m a t a b y a 
deep-seated t r u n k w h i c h runs a long the r i b s , and t h e l y m p h a t i c s 
o f t he mucous ducts and in t egumen t s b y a super f i c i a l t r u n k w h i c h 
extends a long t h e l a t e r a l l i n e , and gets a p e n n i f o r m character b y 
t h e r e g u l a r mode i n w h i c h i t s t r i b u t a r y l y m p h a t i c s j o i n i t . 

I n the W o l f - f i s h (Anarrhichas) t he lacteals commence i n p r o 
cesses o f the edges o f the mucous fo lds b y cells or b l i n d ends, 
f r o m w h i c h the vessels proceed to f o r m a close p l exus o n t h e 
ou t e r surface o f the in t e s t ine , and accompany i n a p l e x i f o r m 
m a n n e r t h e bloodvessels. I n the T u r b o t there are s imi l a r 
p l e x i f o r m su r round ings o f the bloodvessels o f the s t omach : and 
i n Silurus glanis t h e lac tea l n e t w o r k covers a l l t he s tomach . 3 

I n the E e l the gas t ro-enter ic absorbent p lexus communica tes 
w i t h a cavernous sinus u p o n t h e l o w e r surface o f the s tomach, 
a n d w i t h a l a rge r one w h i c h accompanies t h e i n t e s t i n a l canal , 
whence o ther plexuses pass to the g rea t subve r t eb ra l l y m p h a t i c 
t r u n k s . A l o n g the f r e e bo rde r o f the i n t e s t i n a l sp i r a l v a l v e , i n 
P lag ios tomes , the re is a varicose l ac tea l rese rvo i r , f r o m w h i c h 
proceed t h e vessels f o r m i n g t h e r e t i cu l a t e l a y e r beneath t h e 
mucous m e m b r a n e . T h e l y m p h a t i c s o f the head f o r m m i n o r 
plexuses a t t h e bases o f t h e o rb i t s , a n d i n the C a r p t h e y e x t e n d 
i n t o t h e bas i -c ran ia l c a n a l ; those f r o m t h e c e l l u l a r a rachnoid pass 
t h r o u g h the o c c i p i t a l f o r a m e n t o j o i n t h e l y m p h a t i c s o f t h e sp ina l 
cana l , a n d t e r m i n a t e i n the ce rv i ca l a n d sub-occ ip i t a l t r u n k s , 
w h i c h receive t h e l y m p h a t i c s f r o m t h e u p p e r ex t r emi t i e s o f t h e 
g i l l s : these, w i t h the deep-seated l y m p h a t i c s f r o m t h e k i d n e y s , 
j o i n t h e s ingle or doub le t r u n k s a t t h e u n d e r p a r t o f t h e v e r t e b r a l 

1 xx. vol. i . p. 126, no. 462. 2 CCLXI. p. 269. 
3 cv. pp. 27, 30, pi. 6, figs. 1 and 2 ; pi. 7, figs. 3 and 4. 
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c o l u m n , w h i c h combine w i t h the lac tea l p l e x i f o r m t r u n k s con
t i n u e d f o r w a r d a long each side o f t h e s tomach and oesophagus, 
to f o r m a l a rge , shor t , c o m m o n l ac t eo - lympha t i c t r u n k on each 
side, w h i c h te rminates i n the j u g u l a r v e i n near i t s j u n c t i o n w i t h 
t he shor t p recava l v e i n . F o h m a n 1 describes other and m i n o r com
munica t ions be tween the absorbent and venous systems o f Fishes, 
as, e. g . , i n t h e gas t r ic a n d i n t e s t i n a l plexuses i n the Sheat-f ish 
and T u r b o t . T h e l y m p h a t i c sys tem o f the caudal p o r t i o n o f the 
b o d y is c h i e f l y rece ived b y t w o caudal sinuses, i n t e r c o m m u n i c a t i n g 
b y a transverse canal , w h i c h sometimes perforates the base o f the 
anchylosed compressed t e r m i n a l t a i l -ve r t eb ra . 

T h e l y m p h a t i c s o f Fishes consist genera l ly o f a single t u n i c : 
a mos t del icate ep i the l i a l l i n i n g m a y be d i s t inguished i n the 
l a rge r t r u n k s . T h e o n l y s i tuat ions where valves have been seen 
i n these vessels are a t the t e rmina t ions o f the t r u n k s i n the 
caudal and the j u g u l a r veins . T h e r e are no l y m p h a t i c g l a n d s : 
these are represented b y the la rge and numerous plexuses, and 
possibly b y t h e g l a n d - l i k e layers or substances above-mentioned. 
T h e c h y l e as w e l l as t h e l y m p h o f Fishes is colourless and 
t r a n s p a r e n t : t he plasmic corpuscles or l y m p h - c e l l s are f e w i n 
n u m b e r . 2 T h e analysis o f the l y m p h i n Fishes is s t i l l a 
des idera tum. 

§ 80. Absorbents of Reptiles.— I n the in tes t ines o f the F r o g 
and Salamander the lacteals f o r m a n e t w o r k o f l a rge canals, 
w i t h m i n u t e or close meshes coextensive w i t h the mucous 
m e m b r a n e ; t h e vessels con t i nued t h e r e f r o m accompany the 
mesenteric ar ter ies , sometimes f o r m i n g a pa i r , r u n n i n g a long 
opposite sides, w i t h occasional connec t ing cross-branches; more 
c o m m o n l y h a v i n g these so numerous as to cons t i tu te a cont inuous 
re t i cu la te sheath about the a r t e r y , the c a v i t y o f w h i c h sheath 
seems, i n some par ts , to be o n l y p a r t i a l l y d i v i d e d b y cross 
threads . 3 These lacteals, or i n t e s t i n a l l y m p h a t i c s , open i n t o a 
receptacle a t t he dorsal l i n e o f r e f l e c t i o n o f the mesentery , o f 
large size i n the F r o g , b u t con t rac ted and assuming ra the r the 

1 cv. 
2 In CXLV. these lymph-corpuscles are described as * centres of assimilative force, 

manifesting inherent power of developement and change, some being granular, others 
with a capsule and in the condition of nucleated cells,' p. 249 (1846"). Prof. Kolliker 
testifies to the fissiparous multiplication of the lymph-corpuscles in the lacteals of the 
dog, cat, and rabbit. The corpuscle, in the condition of the nucleated cell, elongates, 
the nucleus divides into two ; between which the cell contracts and finally divides 
(CCLXII. p. 639). I n Fishes the nucleus undergoes further subdivision before the 
fission of the cells takes place. 

3 ccxvi. p. 249. 
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f o r m o f a £ thorac ic d u c t ' i n the N e w t ; i t proceeds a long the aor ta 
i n b o t h , c o m m u n i c a t i n g w i t h l y m p h a t i c canals near the l i v e r , and 
d i v i d i n g a n t e r i o r l y , t o accompany the r i g h t and l e f t aor t ic arches, 
and t o receive the l y m p h a t i c condui t s f r o m t h e head and f o r e - l i m b s , 
be fore t e r m i n a t i n g i n the subc lav ian veins. Some o f the vessels, 
b o t h ar ter ies a n d ve ins , o f the t r u n k have a s imi l a r l y m p h a t i c 
sheath, b u t the p r i n c i p a l condui t s o f the l y m p h , i n the Batrachia, 
have t h e f o r m o f i r r e g u l a r sinuses or lacunae, o f g rea t capaci ty 
b e t w e e n the s k i n and flesh, and o f smal ler size i n the i n t e r 
m u s c u l a r spaces o f the l i m b s . 1 A i r or l i q u i d i n t r o d u c e d i n t o 
these lymph-receptac les finds i t s w a y i n t o the veins b y the above, 
a n d perhaps o ther , communica t ions . T h e l y m p h a t i c s o f the 
h i n d - p a r t o f the b o d y and l i m b s communica te w i t h a pa i r o f 
subcutaneous receptacles, w i t h con t rac t i l e wal l s , b e h i n d each 
f e m o r a l j o i n t ; t he re is a s imi l a r pa i r i n f r o n t o f the scapulae. 2 

These receptacles have a s u b r h y t h m i c a l ac t ion , n o t synchronous 
w i t h one another , or w i t h the pulsa t ions o f the hear t , or w i t h 
a n y o f t h e movements o f r e sp i r a t ion , w h i c h i n Batrachia are 
d e g l u t i t i o n a l c h i e f l y . T h e muscu la r fibres o f these ' l y m p h -
h e a r t s ' are o f t h e s t r i ped k i n d . 3 T h e ce rv i ca l pa i r t r a n s m i t 
t h e i r l y m p h i n t o t h e j u g u l a r veins , and d i s t end t h e m at each 
systole. T h e pe lv i c l y m p h - h e a r t s have been seen to pulsa te 
s i x t y t imes i n t h e m i n u t e i n a f r o g . 4 I n the l a rge Ceratophrys 
cornuta t w o pairs o f ischiadic l ymph-hea r t s have been f o u n d . 5 

I n t h e T o r t o i s e the pe lv i c l y m p h - h e a r t s are t w o , o f a more 
c i r c u m s c r i b e d r o u n d e d f o r m , s i tua ted o n each side o f t h e bodies 
o f t h e vertebrae, b e t w e e n t h e f e m o r a l j o i n t s a n d the h i n d - b o r d e r 
o f t he carapace; the valves a t t he in le t s a n d out le t s o f t h e 
l y m p h condui t s , impres s ing t h e course o f m o t i o n o f t h e fluid, 
are here r e a d i l y seen. 6 I n L i z a r d s and Crocodi les the p e l v i c 
l y m p h - h e a r t s are s i tua ted near or u p o n the diapophyses o f t h e 
first caudal ve r t eb ra . I n Pseudopus Pallasii t h e y l i e b e t w e e n 
t h e muscles u p o n t h e sacral diapophyses, r e c e i v i n g t h e l y m p h 
each b y a s ingle c o n d u i t f r o m t h e g rea t a b d o m i n a l sinus, a n d 
t r a n s m i t t i n g i t t o t h e u m b i l i c a l v e i n s ; t h e y pulsa te abou t fifty 
t imes i n t h e m i n u t e . 7 I n t r u e Serpents (Python, e. g . ) t h e 
l y m p h - h e a r t s are e longate , and s i tua ted b e h i n d the las t p a i r o f 
r i b s a n d u p o n the r i b - l i k e diapophyses o f t h e an t e r i o r cauda l 
ver tebrae; t h e y receive the l y m p h b y th ree o r i f i ces a t one end , 
a n d t r a n s m i t i t b y t w o opposi te o r i f i ces , t o condu i t s c o m -

1 CCLVII. p. 28. 2 CCLV. p. 89. 3 CCLVIII. p. 58. 
4 LXXIV. 5 Ib. 6 CCLV. pi. 1. 7 CCLIX. p. 25, pi. 3. 



460 ANATOMY OF VERTEBRATES. 

m u n i c a t i n g w i t h the caudal v e i n . T h e three tunics o f these 
hearts , o f w h i c h the m i d d l e one is muscular , w i t h the i n f e r e n t 
a n d a f fe ren t v a l v u l a r s t ruc tures , are w e l l displayed i n the 
P y t h o n . 1 

T h e i n t e s t i n a l l y m p h a t i c s , i n Serpents, open i n t o a la rge 
receptacle, e x t e n d i n g a long the roo t o f the mesentery, b e g i n n i n g 
near the v e n t whe re i t is n a r r o w , r e c e i v i n g the lympha t ics o f 
the t a i l , and e x t e n d i n g f o r w a r d , g r e a t l y expanded, as f a r as the 
s tomach, w h e r e i t f o r m s a cul-de-sac. T h i s receptacle is ref lected 
abou t the aorta , w h i c h seems i n c l u d e d i n i t , and receives the 
l y m p h a t i c s o f the g e n i t a l organs, k i d n e y s , and intes t ines . B e f o r e 
r each ing the stomach, i t sends o f f a p l e x i f o r m condu i t , w h i c h 
receives the l ympha t i c s o f the pancreas, spleen, s tomach, and 
l i v e r , t he l a t t e r g l a n d b e i n g more or less comple te ly sheathed b y 
the l y m p h a t i c receptac le ; th i s t hen contracts i n t o an i r r e g u l a r 
canal as i t approaches the p e r i c a r d i u m , where i t t e rminates i n a 
cul-de-sac, b u t t ransmi t s the l y m p h b y several l a t e ra l vessels t o 
a l a rge p lexus near the grea t vessels o f the heart . T h e above 
c o n t i n u a t i o n o f the abdomina l receptacle has been cal led the 
* r i g h t ' or £ i n f e r i o r ' thoracic duc t . T h e c l e f t ' or c supe r io r ' or 
e d o r s a l ' thorac ic d u c t leaves the grea t receptacle nearer i t s 
an ter ior e x t r e m i t y , b y three or f o u r condui t s , and advances along 
the oesophagus t o the p e r i c a r d i u m , anastomosing w i t h the r i g h t 
duc t , b y transverse channels. O n reach ing the p e r i c a r d i u m , the 
l e f t d u c t divides i n t o t w o channels , w h i c h r e u n i t e i n f r o n t o f 
the p e r i c a r d i u m , and j o i n the l y m p h a t i c p l exus about the great 
vessels, f r o m w h i c h the l y m p h is conduc ted b y t w o or three 
t e r m i n a l t r u n k s to the t w o grea t precaval ve ins . 2 

I n Chelonia the chy le is absorbed i n t o a s t r a t u m o f i n t e s t ina l 
l y m p h a t i c s , w h i c h , i n the f o r m o f a close n e t w o r k , l ies be tween 
the muscular and mucous c o a t s ; 3 f r o m th i s the condui t s pierce 
the muscula r t u n i c , and af fec t a l o n g i t u d i n a l course o n the 
ex t e r io r o f the g u t u n t i l t h e y q u i t i t , accompany ing the m e 
senteric bloodvessels t o t h e grea t c h y l e - and lymph- recep tac l e , 
fig. 307 , C, C, w h i c h extends f r o m the m i d d l e o f the dorsal p a r t 
o f t he abdomen b a c k w a r d to be tween the vertebrae and r e c t u m . 
H e r e i t receives the l ympha t i c s o f the h inde r l i m b s and t a i l , and, 
i n succession f o r w a r d s , those o f the cloaca and i t s appendages, i b . 
u , U , o f the k i d n e y s , i b . O, o f the g e n i t a l organs, i b . H , and intes
t ines , i b . v ; i t presents the same quasi-capsular r e l a t i o n to the 

1 ccxx. p. 538, pi. 13, figs. 7, 8, 9. 
3 xx. vol. i i . p. 17, nos. 850-858. 

2 CCLVU. p. 15. 
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aorta as in Batrachia, and bifurcates anteriorly, the divisions 
i n c l o s i n g the r i g h t and l e f t p u l m o n a r y arteries and aorta?, and 

307 

Viscera in situ, seen from behind, with the lymph-receptacle (Emys europcea). XXXVIII. 

t e r m i n a t i n g a t t h e b e g i n n i n g o f t h e t w o p recava l ve ins , b y 
e l l i p t i c a l or i f ices g u a r d e d b y valves . T h e l y m p h a t i c sys tem o f 
t h e t r u n k a n d l i m b s affects the f o r m o f i r r e g u l a r plexuses a n d 
d i la ta t ions . 

T h e l y m p h a t i c sys tem i n Lacertilia resembles i n t h e m a i n 
t h a t o f Ophidia a n d Chelonia. I n Crocodilia the re are several 
signs o f advance. H u n t e r 1 n o t e d t h e w h i t e co lour o f t h e c h y l e : 
t h e e r e c e p t a c u l u m ' is more c i r cumsc r ibed ; i t s an t e r io r d iv i s ions 
are m o r e v a s i f o r m , m o r e l i k e e thorac ic d u c t s ; ' t he re is a compac t 
g l a n d - l i k e p l e x u s o f lacteals a t t h e r o o t o f the mesen te ry . A t 
t h e base o f the t a i l t h e l y m p h a t i c s s u r r o u n d the a r t e r y a n d v e i n 

1 ccxxvi. vol. i i . p. 335. 
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b y a la rge p l exus , filling u p the haemal c a n a l ; t h e y present also 
a p l e x i f o r m character at t he axillae and base o f the neck, about 
the j u g u l a r v e i n s ; b u t the v a s i f o r m character is genera l ly bet ter 
m a r k e d i n the l y m p h a t i c s o f the Crocodi le t h a n i n l o w e r Rept i les , 
and the valves occur more f r e q u e n t l y . 

T h e lymph-corpusc les are v e r y f e w , and r a r e l y v i s ib le i n the 
l y m p h a t i c s o f the t a i l o f the Tadpo l e , b u t were numerous i n the 
l y m p h a t i c canals near the l i v e r i n Salamandra. B y c a r e f u l l y 
p u n c t u r i n g the la rge subcutaneous lymph- rese rvo i r s o f the F r o g , 
a t the uppe r p a r t o f the t h i g h , t he pu re f l u i d m a y be obtained 
f r o m the l i v i n g a n i m a l : b u t analysis o f l y m p h has ch ie f ly been 
p e r f o r m e d on the la rger quant i t ies discharged f r o m a r t i f i c i a l 
fistulae o f the thoracic duc t i n the H o r s e and C o w , and i ts results 
w i l l be g i v e n i n connect ion w i t h the M a m m a l i a n class. 
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C H A P T E R V I I . 

CIRCULATING AND RESPIRATORY SYSTEMS OF HSEMATOCRYA. 

§ 81. Blood of Fishes.—The red blood of Vertebrates owes 
i t s co lour to the a l b u m i n o i d substance ca l led ' haematosine, 
e x i s t i n g i n the discoid corpuscles ca l led £ b lood-g lobules , ' ' b l o o d -
cells, ' or : blood-discs. ' These float i n the l i g h t s t r aw-co loured 
fluid cal led e plasma, ' w h i c h consists o f wa t e r h o l d i n g i n so lu t ion 
pro te ine p r inc ip les , hydrocarbonates o f the f a t t y na tu re , saccharine, 
and saline mat ters . T h e w a t e r y solvent predominates i n t h e 
b lood o f Fishes and Ba t rach ians . T h e ' p r o t e i n e ' basis exists 
unde r the combinat ions t e r m e d f a l b u m e n ' and ' fibrin.' 

T h e blood-discs i n Fishes are c o m m o n l y o f a f u l l e l l i p t i c shape, 
as i n the C o d , fig. 8, g, and Skate , fig. 8, h, p . 4 : b u t i n the 
L a m p r e y and A m m o c e t e t h e y are n e a r l y c i r cu l a r . I n the M y x i n e , 
h o w e v e r , t h e y are e l l i p t i c , and some are f u s i f o r m . T h e y present 
t h e larges t size i n the Sharks , b u t are smal ler i n t h e m i n p r o p o r t i o n 
to the b o d y , or mass o f b lood , t h a n i n B a t r a c h i a . 1 Besides t h e r e d 
discs there are the l a rge r w h i t e corpuscles i n the b lood o f Fisbes as 
i n t h a t o f h i g h e r Ver t eb ra t e s , b u t i n less p r o p o r t i o n t h a n i n Sau-
r ians , B i r d s , or M a m m a l s . 

T h e comparison o f m a i n phys io log i ca l impor t ance be tween the 
b l o o d i n d i f f e r e n t g roups o f Ve r t eb ra t e s , is t h a t w h i c h relates to 
the p r o p o r t i o n o f the organic ma t t e r s con ta ined i n t h e wa t e r . 

P r e v o s t and D u m a s expressed t h e genera l resu l t s o f th i s c o m 
par i son o f the b lood o f t h e co ld-b looded classes i n the f o l l o w i n g 

TABLE OF THE FBOPOBTION OF WATEB, CLOT (BLOOD-DISCS AND FIBBIN), 
ALBUMEN, AND SALTS. 

HiEaiATOCRTA Water Clot Albumen 
and Salts 

JRana esculenta (Frog) 884 69 46 
Salmo fario (Trout) 864 64 72 
Lota molva (Burbot) 886 48 66 
Anguilla latirostris (Eel) 846 94 60 2 

1 See ccxxxix. torn. i . p. 89, for the dimensions, in fractions of a millemeter, of the 
blood-discs of Fishes. 

2 CCLXV. p. 64. 
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D r . Joseph J o n e s 1 has pushed th i s k i n d o f analysis f u r t h e r , as 
s h o w n b y t h e sub jo ined tab le . 

MOIST BLOOD-DISCS PLASMA 

Total 
Weight 

Water Solid 
Matters 

Total 
Weight 

Water Solid 
Matters 

Zygana malleus (Hammer-shark) 
Lepidosteus osseus (Gar-fish) . 
Salmo fario (Trout). 
Lota molva (Burbot) 
Anguilla latirostris (Eel). 

293-44 
229-00 
275-20 
192-40 
240-00 

220-08 
17175 
206-40 
144-30 
180-00 

73-36 
57-25 
68-80 
48-10 
60-00 

706-56 
771-00 

641-06 
714-95 

65-50 
56-05 

§ 82. Veins of Fishes. — A s the b lood moves i n a c i rc le , i t 
s ignifies l i t t l e a t w h a t p o i n t w e commence the descr ip t ion o f the 
par ts i n w h i c h i t flows. B u t as, i n t r a c i n g the progress o f the 
n u t r i m e n t t h r o u g h the organs concerned i n i ts c h y l i f i c a t i o n and 
sangui f ica t ion , w e were l e d b y the l ympha t i c s t o the veins , w e 
beg in w i t h t h e m the account o f the c i r c u l a t i n g system i n the 
present class. 

T h e t un i c s o f the veins o f Fishes are u n u s u a l l y t h i n , and the i r 
valves f e w : t h o u g h c o m m o n l y i n the f o r m o f tubes, y e t t h e y more 
f r e q u e n t l y d i la te i n t o sinuses t h a n i n the h ighe r classes, and traces 
o f the d i f fused c o n d i t i o n o f the venous receptacles, so common i n 
the Inve r t eb ra t e s , are n o t w a n t i n g i n F i s h e s ; as, f o r example , i n 
the fissures o f the r ena l organs, w h e r e the veins seem to lose the i r 
p roper tun ics , or t o b l e n d t h e m w i t h the common ce l lu la r tissue 
o f the p a r t ; and i n the grea t cavernous sinus beneath the abdo
m i n a l aorta, r ece iv ing the r ena l and g e n i t a l veins i n the L a m p r e y . 
T h e j u g u l a r veins o f Osseous Fishes and the hepat ic veins o f the 
R a y s f o r m remarkab le sinuses. T h e v e r y del icate fibres o f the 
proper venous t u n i c affect a l o n g i t u d i n a l d i spos i t ion : and i n m a n y 
o f t he veins o f Fishes the wa l l s show p i g m e n t , u s u a l l y i n the f o r m 
o f stellate cells. 

T h e veins o f Fishes cons t i tu te t w o we l l -de f i ned sys tems; v i z . 
t he e v e r t e b r a l ' and the s v iscera l , ' answer ing to the d iv i s ion o f the 
nerves and muscles i n t o those o f (animal' and ' o rgan i c ' l i f e : t h e 
p o r t a l system is a subdiv ison o f the v iscera l one, b u t also f r e 
q u e n t l y includes p a r t o f the v e r t e b r a l system o f veins , especially 
i n the M y x i n e s , i n w h i c h the p o r t a l sinus fo rms a common mee t ing -
p o i n t be tween por t ions o f bo th systems. 2 

T h e cap i l l a ry system o f vessels consists i n Fishes , as i n other 
Ver tebra tes , o f m i n u t e b u t s imilar-s ized tubu les , capable o f c a r r y i n g 

1 CCXLV. p. 27. 
2 Retzius, in xx i . * Gefasssystem,' 1841, p. 16. 
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a s ingle file o f blood-discs, a n d connec t ing the t e r m i n a t i o n o f t h e 
arteries w i t h the commencement o f the veins , figs. 328 , 329. 

T h e v e r t e b r a l sys tem o f veins commences b y a series o f c a p i l 
l a r y roots i n the i n t egumen t s and muscles, w h i c h u n i t e t o f o r m 
branches cor responding w i t h the muscu la r and osseous segments 
o f the b o d y : these ' s e g m e n t a l ' veins consist , i n the t a i l , o f uppe r 
o r n e u r a l , and l o w e r or haemal 
b ranches ; i n the abdomen, o f 
u p p e r and l a t e r a l b ranches ; i n 
the head, w h e r e the v e r t e b r a l 
segments are more m o d i f i e d , the 
veins man i fes t a less r egu l a r 
and appreciable correspondence 
w i t h these segments. T h e ce
phal ic ve ins , r e t u r n i n g the b lood 
f r o m the c r an i a l vertebrae, t h e i r 
appendages and s u r r o u n d i n g 
sof t par t s , f r o m t h e b r a i n , t h e 
organs o f special sense and t h e i r 
o rb i t s or p roper cavi t ies , f r o m 
t h e m o u t h and p h a r y n x , and , 
r e c e i v i n g also the w h o l e or p a r t 
o f t he * venae n u t r i t i a e ' f r o m the 
b r a n c h i a l arches, u n i t e toge ther 
o n each side to f o r m a pa i r o f 
' j u g u l a r ' ve ins , fig. 308 , v*, each 
o f w h i c h u s u a l l y dilates i n t o a 
l a r g e r sinus, and aga in contracts 
a n d resumes the v a s i f o r m cha
rac te r , as i t descends to benea th 
t h e parapophyses o f the atlas 
a n d axis , i n o rder t o j o i n t h e 
co r re spond ing t r u n k o f t h e v e r 
t e b r a l ve ins o f t h e b o d y . 1 T h i s 
g r ea t t r u n k , ca l led ' vena c a r d i -
n a l i s , ' 2 fig. 308 , v , commences 
a t t he base o f t h e t a i l - f i n , 
w h e r e i t receives b l o o d , and some a f f i r m also l y m p h , f r o m t h e p u l 
s a t i n g sac t h e r e p resen t i n the E e l - t r i b e . T h e v e i n - t r u n k is 

1 In the Lamprey the corresponding jugular trunks lie above the aponeurotic repre
sentatives of the vertebral parapophyses. 

2 ' La veine cave' of Cuvier; but it is not homologous with either the 4 inferior' or 
4 superior venas cav£E' of Man. 

VOL. I . H H 
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doub le , there b e i n g one f o r each side o f t h e b o d y , and b o t h r i g h t 
and l e f t ' venae cardinales * e x t e n d f o r w a r d , i n close contact, a long 
t h e haemal canal i n the t a i l , t h e n t h r o u g h the abdomen, and i n b o t h 
reg ions i m m e d i a t e l y benea th t h e aor ta and ve r t eb r a l bodies, t o near 
t h e first ve r t eb ra , w h e r e each t r u n k d iverges and descends to j o i n 
i t s co r responding e vena j u g u l a r i s , ' fig. 308 , v, f o r m i n g the short 
' p r e c a v a l ' v e i n , 1 i b . v, w h i c h empties i t s e l f i n the grea t aur icu lar 
sinus be tween the aponeurot ic layers o f the pe r ica rd ia l and abdo
m i n a l sep tum. I n the L a m p r e y t h e vena cardinal is is s ingle along 
t h e t a i l , b u t i t b i f u r c a t e s o n e n t e r i n g the abdomen i n t o t w o veins, 
each o f w h i c h is s ix t imes as l a rge as t h e aorta. T h e l e f t cardinal 
v e i n is l a rge r t h a n the r i g h t i n the M y x i n o i d s : b u t the symme
t r i c a l d i spos i t ion o f t h e v e r t e b r a l venous sys tem is more d is turbed 
i n m a n y Osseous Fishes , a t t h e expense o f t h e r i g h t s ide; the r i g h t 
c a rd ina l v e i n , a f t e r some t ransverse connec t i ng channels w i t h the 
l e f t , finally t e r m i n a t i n g or l o s ing i t s e l f t h e r e i n a n t e r i o r l y : pa r t o f 
t h e r i g h t j u g u l a r v e i n , also, i n th i s case enters t h e l e f t or common 
ca rd ina l v e i n . 2 I n t h e T u n n y t h e t w o e venae j u g u l a r e s ' u n i t e and 
f o r m a c o m m o n t r u n k , w h i c h enters t h e a u r i c u l a r sinus indepen
d e n t l y . 3 T h e Shad, t h e P i k e , a n d the L u c i o p e r c a are examples 
w h e r e the j u g u l a r ve ins are s y m m e t r i c a l , a n d t e r m i n a t e d i s t i nc t l y 
i n the p recava l veins . W i t h r e g a r d t o t h e ve r t eb ro -vena l system 
o f t h e t r u n k , n o t a l l t h e segmenta l branches t e rmina te i n the 
e vena cardinal is ; ' t h e n e u r a l t w i g s f o r m w i t h t h e m y e l o n a l veins 
a t r u n k w h i c h runs pa ra l l e l w i t h t h e ca rd ina l ve ins , b u t above 
t h e v e r t e b r a l bodies i n the n e u r a l canal. T h i s t r u n k , the f vena 
neura l i s , ' communicates b y shor t l a t e r a l a n d v e r t i c a l canals w i t h 
the venae cardinales, and i n the r e g i o n o f the abdomen these short 
anas tomis ing veins pe r fo ra te t h e substance o f t h e k i d n e y s , and 
receive the ' r ena l v e i n s ' be fore t e r m i n a t i n g i n t h e abdomina l 
ca rd ina l veins. T h e n e u r a l v e i n g r a d u a l l y exhausts i t s e l f b y 
these descending branches, and does n o t e x t e n d t o o r t e rmina te 
a n t e r i o r l y i n the p recava l t r u n k . Jacobson, o b s e r v i n g t h a t the 
abdomina l anastomotic branches o f the n e u r a l v e i n , i n t r a n s f e r r i n g 
i t s contents t o the ca rd ina l veins , p e r f o r a t e d t h e k i d n e y s , t h o u g h t 

1 Ductus Cuvieri, Rathke; quervenenstamme, Miiller. The precaval veins are the 
homologues of the two ' superior cavse ' in Reptiles and Birds, which receive the so-
called 'azygos' veins or reduced homologues of the 'venae cardinales' of Fishes: in 
the higher Mammals and in Man they are concentrated into a single ' superior vena 
cava,' receiving the 'vena? cardinales ' by a common trunk, thence called 'azygos ' in 
Anthropotomy. The anatomical student is usually introduced to the cardinal veins, 
as represented by their single homologue in the human subject, where their normal 
symmetrical character becomes masked by an extreme modification, and where the 
name ' azygos ' is applicable only to so exceptional a condition. 

2 xx i . p. 38. 3 Ib. p. 37. 
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t h a t those branches r a m i f i e d i n the r ena l t issue, l i k e t h e p o r t a l 
veins i n t h e l i v e r ; b u t m y observations concur w i t h those o f 
M e c k e l and C u v i e r , 1 i n s h o w i n g t h a t t h e y ra the r receive or com
m u n i c a t e w i t h the r ena l veins in transitu i n Osseous Fishes . I n 
t h e L a m p r e y the r ena l v e i n assumes the f o r m o f a ce l lu la r or 
cavernous sinus, o f a v e r y d a r k co lour , e x t e n d i n g a long t h e 
mes ia l m a r g i n o f the k i d n e y , u n i t i n g w i t h i t s f e l l o w pos t e r i o r l y , 
a n d c o m m u n i c a t i n g b y sma l l or i f ices w i t h the cont iguous c a r d i n a l 
v e i n . 

T h e v iscera l sys tem o f veins commences i n Osseous Fishes b y 
t h e capi l lar ies o f the s tomach and intes t ines , o f the pancreat ic 
caeca and spleen, o f the genera t ive organs and a i r - b l a d d e r : these 
b y progressive u n i o n and r e u n i o n , cons t i tu te e i ther a s ingle t r u n k 
w h i c h f o r m s the p o r t a l a r t e r i a l v e i n , fig. 308 , L , o f the l i v e r ; or , 
as i n the P e r c h , a second t r u n k , the t r u e homologue o f the ' i n 
f e r i o r vena c a v a ' w h i c h r e tu rns the b l o o d f r o m the g e n i t a l organs 
and a i r -b ladder to the a u r i c u l a r sinus, w i t h o u t p rev ious r a m i f i c a 
t i o n i n the l i v e r ; t he p o r t a l t r u n k b e i n g f o r m e d o n l y b y the veins 
o f t he a l i m e n t a r y canal and i t s appendages. T h e p o r t a l t r u n k is 
s ingle i n t h e L i n g , t h e B u r b o t , t h e Pope , the E e l , t he L a m p r e y , 
a n d the P l ag io s tomes ; b u t , i n the C a r p , whe re the lobes o f t h e 
l i v e r in te r lace w i t h the convo lu t ions o f the in tes t ine , t he veins o f 
t h i s canal pass d i r e c t l y i n t o the l i v e r b y several s m a l l branches, 
w h i c h r a m i f y t h e r e i n w i t h o u t f o r m i n g a p o r t a l t r u n k . 

I n the Plagiostomes w i t h the l o n g i t u d i n a l sp i ra l va lve t h e m a i n 
r o o t o f the p o r t a l v e i n is concealed i n the f r ee , t h i c k e n e d , m u s c u 
l a r m a r g i n o f t h a t va lve : 2 t h e t r u n k o f the i n t e s t i n a l v e i n is 
l o d g e d also i n an i n t e r n a l f o l d o f the mucous coat i n the L a m p r e y : 
i n the Plagios tomes and Ganoids w i t h t ransverse coils o f the sp i r a l 
v a l v e , t he venous b l o o d is col lec ted i n t o an e x t e r n a l i n t e s t i n a l v e i n . 
I n t h e Padd le - f i sh th i s v e i n j o i n s the v e i n o f t h e spleen ( f i g . 2 7 6 , 
n), and t h e n , w i t h t h e duodena l , pancrea t ic , a n d gas t r ic ve ins , 
f o r m s t h e p o r t a l t r u n k . 

Professors E s c h r i c h t a n d M u l l e r 3 f o u n d , i n t h e T u n n y , t h a t 
the veins o f t h e s tomach, i n t e s t i ne , p y l o r i c appendages, a n d 
spleen, r e spec t ive ly s u b d i v i d e d i n t o numerous m i n u t e venules , 
w h i c h i n t e r l aced w i t h cor responding ' r e t i a m i r a b i l i a ' o f t h e 
a r t e r i a l branches sent f r o m the cceliac axis t o the same viscera , 
a n d f o r m e d p y r i f o r m masses o f vessels be fo re e n t e r i n g t h e l i v e r . 

I n a f e w Osseous Fishes , as t h e Shad , some o f t h e cauda l 
branches o f t h e v e r t e b r a l sys tem o f veins anastomose w i t h t h e 

1 xxin. p. 381. 2 xcvm. p. 274. 3 cm. 
H H 2 
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veins o f the r e c t u m , and thus f o r m p a r t o f the roots o f the p o r t a l 
system. B u t the most i n t e r e s t i ng m o d i f i c a t i o n o f the p o r t a l 
system o f Fishes is t h a t discovered b y B e t z i u s i n the G l u t i n o u s 
H a g . I n th i s and also i n o ther M y x i n o i d s , the g e n i t a l and intes
t i n a l veins f o r m a c o m m o n t r u n k a long t h e l i n e o f a t tachment o f 
the mesentery : a l l the gas t r ic veins t h a t do n o t e m p t y themselves 
i n t o the card ina l v e i n also j o i n the g rea t mesenter ic ve in . T h i s 
v e i n advances to the space be tween the p e r i c a r d i u m and the r i g h t 
suprarenal body , receives the an te r io r v e i n o f t h a t b o d y ( i t s posterior 
one j o i n i n g the ca rd ina l v e i n ) , and di lates i n t o an e longated sinus, 
w h i c h is said to cont rac t , as i f i t we re a p o r t a l hear t . T h e ante
r i o r p a r t o f th i s sinus receives a v e i n f r o m the r i g h t anter ior 
parietes o f the body , w h i c h is f o r m e d b y the u n i o n o f a l l those 
o f the muscula r parts there w h i c h do n o t j o i n the r i g h t j u g u l a r 
v e i n : the p o r t a l a r t e r i a l v e i n is sent o f f f r o m the poster ior end o f 
the pu l sa t ing sac, near the e n t r y o f the mesenter ic v e i n , and goes 
b a c k w a r d to beneath the t w o l i v e r s , and there d iv ides , enters, and 
ramif ies i n each. T h e hepat ic v e i n o f the h inde r and la rger l i v e r 
enters the common t r u n k or sinus f o r m e d b y the u n i o n o f the t w o 
card ina l veins w i t h the l e f t j u g u l a r : t he hepat ic v e i n o f the smaller 
l i v e r jo ins the t e r m i n a t i o n o f the l e f t j u g u l a r v e i n , and t h e y toge
the r end i n the opposite side o f the same c o m m o n sinus. 

I n the Plagiostomes the r i g h t j u g u l a r a n d ca rd ina l veins u n i t e , 
and, r ece iv ing the v e i n o f the pec to ra l fin ( b r a c h i a l v e i n ) , and a 
super f i c ia l v e i n f r o m the head ( e x t e r n a l j u g u l a r ) , f o r m a short 
transverse c p r e c a v a l ' t r u n k . A cor responding precava l t r u n k is 
f o r m e d i n the same w a y on the l e f t side, and the g rea t a u r i c u l a r 
sinus is cons t i tu ted b y these and b y the w i d e hepat ic veins , w h i c h 
cont rac t before t h e y t e rmina te . I n m a n y Osseous Fishes , as 
Salmo, Silurus, Belone, Anguilla, Ammodytes, a n d Accipenser, 

the hepat ic veins t e r m i n a t e i n the 
c o m m o n sinus b y a s ingle t r u n k ; 
i n others , as Thynnus, Gadus, 
Esox, and Pleuronectes, b y t w o 
t r u n k s ; and i n a f e w Fishes , as 
Clupea, Coitus, and ce r t a in C y -
p r ino ids , b y th ree or more t r u n k s . 

T h e pu lsa t i l e sac i n the E e l , 
309 , is s i tua ted near the 

b e g i n n i n g o f the ca rd ina l ve in 
on the haemal side o f the caudal 
vertebrae a t t he end o f the t a i l . 
I t is o f a y e l l o w i s h co lour , 

309 

fig. 

Caudal venous heart of Eel: 
CCLXIV. 

magn. 20 diaiu. 
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checquered more or less w i t h stel late p i g m e n t ; i n shape f u s i f o r m , 
fig. 309 , A , or p y r i f o r m , i b . B ; at t he d i s t a l end i t is connected 
w i t h a smal l v e i n , c, w h i c h collects the b lood f r o m the capi l lar ies 
o f the t a i l , d, d': a t i t s p r o x i m a l end i t is connected w i t h the 
commencement o f the ca rd ina l v e i n , b. T h e b lood , w h i c h is deep 
r e d , appears t o flow i n t o the sac i n a cont inuous s tream f r o m c; i t 
is f o r c e d o u t at each con t rac t ion i n an i n t e r r u p t e d cu r r en t , q u i c k l y , 
i n successive por t ions , i n t o b, w h e r e the m o v e m e n t soon subsides 
i n t o a cont inuous stream. D u r i n g the systole the veins c and b 
are l eng thened , b e i n g d r a w n o u t ; i n the diastole t h e y resume 
t h e i r size, and assist i n e l o n g a t i n g t h e sac; w h i c h , b o t h b y 
i t s contents and connect ions, is t o be regarded as a ' v e n o u s 
h e a r t . ' 1 

T h u s i n Fishes the chy l e , h a v i n g a l ready b e g u n to man i fes t i t s 
independent l i f e b y the deve lopement o f d i s t i n c t microscopic 
g r a n u l a r corpuscles, as p r i m i t i v e centres o f ass imi la t ive fo rce , 
before i t enters the lacteals, undergoes i n those vessels and t h e i r 
receptacles a f u r t h e r stage o f convers ion i n t o b lood b y the r eac t ion 
and , as i t we re , i m p r e g n a t i o n o f the l y m p h , and b y the i n t e r change 
o f proper t ies t h e r e w i t h : the v i t a l i s i n g s t imu lus o f w h i c h i n t e r 
change and reac t ion is man i fes t ed b y the repeated spontaneous 
fission o f the corpuscles, m a n y o f w h i c h n o w acqui re a capsule, 
a n d thus become n u c l e i o f cells. T h e n the m i x e d c h y l e a n d 
c h y m e enter the ve ins , w h e r e a f u r t h e r in t e rchange o f proper t ies 
w i t h the venous b lood and a n e w course o f ac t i on and r eac t i on 
takes place. T h e p r i m i t i v e pale chyle-corpuscles are here f e w i n 
n u m b e r ; t h e y have a capsule, and t h e g r a n u l a r character o f t h e i r 
contents shows t h e m to be i n t h e course o f change. T h e venous 
b l o o d undergoes some change, p r o b a b l y , i n i t s passage t h r o u g h the 
k i d n e y s , b y v i r t u e o f the anastomoses o f t h e r e n a l vascular 
s y s t e m : i t undergoes f u r t h e r change i n i t s c i r c u l a t i o n t h r o u g h 
t h e l i v e r , i n so f a r as t h e b i l e , a fluid h i g h l y charged w i t h 
ca rbon and h y d r o g e n , is e l i m i n a t e d f r o m i t : t h a t i n some fishes 
(Myxine, Bdellostoma) a con t r ac t i l e receptacle accelerates i t s 
course t h r o u g h t h e p o r t a l c i r c u l a t i o n . T h e venous b l o o d n o w 
shows a m a r k e d accession o f co loured corpusc les ; and i t has 
finally t o be s u b m i t t e d to the i n f luence o f the atmosphere, a n d 
especia l ly t o the r eac t ion o f the oxygenous e l e m e n t ; a n d f o r t h i s , 
t h e mos t i m p o r t a n t and e f f i c i en t cause o f i t s convers ion i n t o 
a r t e r i a l b l o o d , a con t r ac t i l e c a v i t y , w i t h s t r o n g m u s c u l a r w a l l s , is 
p r o v i d e d , i n order t o i m p e l the b lood t o the organs especial ly des
t i n e d to e f fec t i t s decarbonisa t ion and o x y g e n a t i o n . 

1 CXLV. p. 253 (1846). 
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§ 83. Heart of Fishes.—The p r o p e l l i n g o r g a n is ca l led t h e 
* heart , ' fig. 308 , H ; t he r e sp i ra to ry organs the ' g i l l s ' or branchiae, 
i b . B , b ; fig. 3 1 2 , l , 6; fig. 323 , 2, 3, 4, 5; t h e y s u b m i t the b lood 
to the in f luence o f t h e air t h r o u g h t h e m e d i u m o f the w a t e r i n 
w h i c h i t is suspended or dissolved. 

T h e r e is o n l y one k n o w n fish, v i z . t h e L a n c e l e t , i n w h i c h a 
venous or b ranch ia l hear t is n o t developed as a compact and pre
dominan t muscular o rgan o f c i r c u l a t i o n : a g rea t v e i n answer ing 
t o the ' vena cardinal is ' extends f o r w a r d a long the caudal r eg ion , 
beneath the chorda dorsalis, above the k i d n e y , fig. 169, h; and as 
i t extends a long the b ranch ia l oesophageal sac gives vessels t o or 
receives t h e m f r o m the c i l i a t ed v e r t i c a l bands or d iv is ions o f t h a t 
sac, w h i c h vessels communica te w i t h a vascular t r u n k a long the 
i n f e r i o r p a r t o f t h a t sac. T h i s t r u n k at i t s poster ior end di lates 
i n t o a smal l sinus, ov, w h i c h pulsates r h y t h m i c a l l y , and represents 
m d i m e n t a l l y the b ranch ia l hear t o f the M y x i n o i d s : t he c a r d i n a l 
v e i n , ba, d ivides a n t e r i o r l y , and supplies the shor t vascular p r o 
cesses, gg, w h i c h p ro j ec t above the p h a r y n g e a l o r i f i ce , ph, i n t o t h e 
w i d e bucca l c a v i t y : the b lood oxygen ized i n these processes is 
t r a n s m i t t e d to the cerebral p o r t i o n o f the n e u r a l axis , t o t h e 
organs o f sense, especially the sensitive i n t e g u m e n t o f t h e head, 
and to the j o i n t e d l a b i a l t en tacu la , f f whence i t r e t u r n s to the 
p h a r y n x b y the l a b i a l vessels w h i c h there u n i t e toge ther , and w i t h 
the i n f e r i o r t r u n k o f the vascular sys tem, or arches, o f the b r anch i a l 
p h a r y n x . 

I n the M y x i n o i d s a hear t consis t ing o f an aur ic le a n d a v e n 
t r i c l e is s i tua ted , l i k e the p u l s a t i n g t u b e or sinus o f t h e L a n c e l e t , 
f a r back f r o m the head, i n the b e g i n n i n g o f the abdomen, w h e r e 
i t is inclosed b y a f o l d or dup l i ca tu re o f the p e r i t o n e u m , e x t e n d i n g 
be tween the cardiac end o f the oesophagus above, and t h e an te r io r 
l i v e r be low, and f o r m i n g the homologue o f the p e r i c a r d i u m , w h i c h 
sac communicates f r e e l y b y a w i d e open ing w i t h the c o m m o n 
per i tonea l c a v i t y . T h e aur ic le is m u c h longer t h a n t h e v e n t r i c l e : 
i t receives the b lood f r o m ' the common sinus b y an o r i f i ce defended 
b y a double va lve . T h e aur ic le communica tes w i t h the l e f t side 
o f the rounded v e n t r i c l e , t h e ( o s t i u m v e n o s u m ' h a v i n g also a doub le 
va lve . T h e r e are no c columnae carneae' or ' chordae tendineae.' T h e 
a r t e ry , single here as i n a l l F ishes , rises f r o m the f o r e - p a r t o f the 
ven t r i c l e w i t h a pa i r o f semi lunar valves at t h e ' o s t i u m a r t e r i o s u m ' 
b e h i n d i ts o r i g i n , b e y o n d w h i c h i t s l i g h t l y di la tes , b u t has no 
muscula r parietes c o n s t i t u t i n g a ' b u l b u s ar ter iosus. ' I n a la rge 
M y x i n o i d (Bdellostoma cirratum, D u m . ) the vessel f r o m the hear t 
d ivides a t once i n t o t w o b r a n c h i a l t r u n k s , r e m i n d i n g one o f the 
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separate b r a n c h i a l ar teries o f the Cephalopods. 1 I n other species 
o f Bdellostoma t h e a r t e r y extends b e y o n d t w o or three pairs o f 
g i l l s be fore i t b i f u r c a t e s ; and M u l l e r 2 saw one instance i n the 
Myxine glutinosa, whe re the b ranch ia l a r t e r y 
c o n t i n u e d s ingle as f a r as the an te r io r g i l l s . 

T h e p e r i c a r d i u m o f the A m m o c e t e c o m 
munica tes b y one w i d e o r i f i ce w i t h the p e r i 
t o n e u m : t h a t o f the L a m p r e y is a shut sac, 
a n d is suppor ted b y a pe r fo ra t ed case o f 
ca r t i l age , f o r m e d b y the last m o d i f i e d pa i r o f 
b r a n c h i a l arches, fig. 3 1 0 , m. N o t any o f the 
D e r m o p t e r i possess the c b u l b u s arteriosus : ' 
t h i s is present , and f o r m s , as i t were , a 
t h i r d compa r tmen t o f the hear t , 3 1 1 , 
b e y o n d the v e n t r i c l e , i b . A , and aur ic le , i b . 
C, i n a l l o the r F i s h e s : n a y , i f w e i n c l u d e 
the g r e a t ' s inus communis , ' i b . D , as p a r t o f 
the hear t , t h e n w e m a y r e c k o n f o u r cham
bers i n t h a t o f F i s h e s ; b u t these succeed 
each other i n a l inea r series, l i k e the centres 
o f t he b r a i n , and t h e i r valves are so disposed 
as t o impress one course u p o n the same c u r 
r e n t o f b l o o d f r o m b e h i n d f o r w a r d , d r i v i n g 
i t e x c l u s i v e l y i n t o the b r anch i a l a r t e r y and 
i t s r ami f i ca t i ons . T h i s is v e r y d i f f e r e n t 
f r o m the a r r angemen t and re la t ions o f the 
f o u r compar tmen t s o f the h u m a n hear t . 
P h y s i o l o g i c a l l y t h e hea r t o f F ishes answers 
t o the venous or p u l m o n a r y d i v i s i o n , v i z . 
t h e r i g h t au r i c l e and v e n t r i c l e o f the m a m m a l i a n hea r t , a n d 
i t s q u a d r i p a r t i t e s t r u c t u r e i n F ishes i l l u s t r a t e s the l a w o f vege
t a t i v e r e p e t i t i o n , r a the r t h a n t h a t o f t r u e p h y s i o l o g i c a l c o m p l i 
ca t ion . T h e au r i c l e and t h e v e n t r i c l e are, h o w e v e r , alone p rope r 
t o the hea r t i t s e l f : t h e sinus is a deve lopement o f t h e t e r m i n a t i o n 
o f t he venous sys tem, as t h e m u s c u l a r b u l b is a supe radd i t i on t o 
t h e commencement o f t h e a r t e r i a l t r u n k . T h e hea r t o f F ishes 
w i t h t h e m u s c u l a r b r a n c h i a l a r t e r y is the e h o m o l o g u e ' o f t h e l e f t 
au r i c l e , v e n t r i c l e , a n d aor ta i n h i g h e r V e r t e b r a t e s ; b u t i t p e r f o r m s 
a f u n c t i o n ' ana logous ' t o t h a t o f the p u l m o n i c au r i c l e and v e n t r i c l e 
i n t h e m . 

Some o f t h e h i g h e r organised F i shes , w h i c h presen t t h e n o r m a l 
s t r u c t u r e o f t h e hea r t , have , l i k e t h e M y x i n o i d s , a p e r f o r a t e d 

1 xx. vol. i i . p. 78, prep. no. 1018. 2 x x i . p. 9. 



472 ANATOMY OF VERTEBRATES. 

pe r i ca rd ium. I n the S tu rgeon the c o m m u n i c a t i o n w i t h the p e r i 
t o n e u m is b y a s ingle e longated canal e x t e n d i n g a long the v e n t r a l 
surface o f the oesophagus. I n t h e P l a n i r o s t r a and Chimaeroids 
the per icard io-per i toneal canal is also s ingle . I n the Plagiostomes 

i t b i furca tes , a f t e r l e a v i n g the p e r i c a r d i u m , i n t o t w o canals, w h i c h 
d iverge and open i n t o the p e r i t o n e u m , opposite the end o f the 
oesophagus: no c i l i a r y movements have been no t i ced on the 
surface o f these r emarkab le condui t s . T h e serous l aye r o f the 
pe r i ca rd ium is defended b y an outer aponeurot ic coat i n Osseous 
Fishes and Plagiostomes, w h i c h adheres to the s u r r o u n d i n g parts . 
I n the S tu rgeon , W o l f - f i s h , L o a c h and Muraena, shor t fibrous 
bands suppor t i ng vessels pass f r o m d i f f e r en t par ts o f the p e r i 
c a r d i u m to the surface o f the h e a r t : i n most o ther fishes t h e hea r t 
hangs f r e e l y except at the t w o opposite poles, v i z . w h e r e the 
sinus communicates w i t h the aur ic le , and w h e r e the b u l b u s 
arteriosus is con t inued i n t o the b r anch i a l a r t e ry . 

I n the Plagiostomes the sinus i t s e l f is s i tua ted w i t h i n the p e r i 
c a r d i u m ; b u t i n Osseous Fishes b e t w e e n the layers o f the pos te r ior 
aponeurot ic p a r t i t i o n be tween i t and the abdomen. T h e hear t is s i t 
ua ted be low the h i n d - p a r t o f the g i l l s , and , as these are more concen
t r a t e d i n the head i n a l l Fishes above the D e r m o p t e r i , so the pos i t i on 
o f the hear t is more advanced, fig. 308 , H . I n the Plagios tomes , the 
Sturgeons, and m a n y Osseous Fishes , e.g. t he P e r c h , the A n g l e r 
(Lophius), and the Sun- f i sh ( Orthagoriscus),the o r i f i ce by w h i c h the 
great sinus communicates w i t h the aur ic le is gua rded b y t w o semi lunar 
v a l v e s ; b u t these are f a r f r o m b e i n g cons tant i n the Te l eos tomi . 
T h e aur ic le , w h e n dis tended, is l a rge r i n p r o p o r t i o n t o the v e n t r i c l e 
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i n Fishes t h a n i n h i g h e r Ver t eb ra t e s . I t s r e l a t i ve pos i t ion t o t h e 
v e n t r i c l e varies i n d i f f e r e n t species, and p e r m a n e n t l y represents as 
m a n y s imi l a r va r i a t ions d i sp layed t e m p o r a r i l y d u r i n g the course o f 
the heart 's deve lopement i n b i rds and m a m m a l s ; t h u s i n the hear t 
o f Scorpcena scrofa, as i n the M y x i n o i d s , t he aur ic le is pos ter ior t o 
and i n the same l o n g i t u d i n a l l i n e w i t h the v e n t r i c l e : i n t h e 
P e r c h , fig. 3 1 1 , c, C a r p , Sole, and E e l , i t has advanced t o the 
same transverse l i n e , o n the dorsal and l e f t side o f the v e n t r i c l e : 
i n t h e Sturionidae and o ther Ganoids i t extends more f o r w a r d , 
dorsad o f b o t h v e n t r i c l e and b u l b u s ar ter iosus, and t h e hea r t , 
i n c l u d i n g the venous sinus, is n o w ben t i n t o a s i gmoid f o r m . T h e 
w a l l s o f the aur ic le are membranous , w i t h t h i n muscu l a r f a s c i c u l i 
decussat ing and f o r m i n g an open n e t w o r k ; b u t these are closer 
and s t ronger i n the S u n - f i s h , S turgeons , and Plagios tomes. T h e 
c a v i t y is s imple , b u t i t s i n n e r surface is m u c h fasc icu la ted i n t h e 
Sun - f i sh and S tu rgeon , w h e r e the ends o f the valves o f t h e sinus 
are a t tached t o t h e s t rongest m u s c u l a r bands. O n l y i n t h e 
L e p i d o s i r e n is the re any vest ige o f a s ep tum, and th i s is r e t i c u 
la te . T h e aur ic le communicates b y a s ingle o r i f i c e , c o m m o n l y 
w i t h the dorsal or the an te r io r p a r t o f the v e n t r i c l e : th i s is 
gua rded u s u a l l y b y t w o f r e e semi lunar va lves ; b u t i n the 
S t u r g e o n , t h e i r marg ins and t h e i r surface n e x t the v e n t r i c l e are 
a t tached t o numerous ' chordae tendineae.' I n the Or thagor i scus 
t h e a u r i c u l a r ape r tu re is gua rded b y f o u r semi lunar va lves , t h e 
t w o smal ler ones b e i n g p laced a t r i g h t angles w i t h a n d o n t h e 
a u r i c u l a r side o f the t w o l a rge r a n d n o r m a l valves : t h e i r m a r g i n s 
are f r ee . 

T h e v e n t r i c l e , fig. 3 1 1 , A , u s u a l l y presents t h e f o r m o f a f o u r -
sided p y r a m i d , one side dorsad t o w a r d the a u r i c l e ; one angle 
v e n t r a d , and the base f o r w a r d . I n t h e L e p i d o s t e u s a n d P o l y 
p te rus , howeve r , i t is p y r i f o r m : i n the P i k e i t is lozenge-shaped : 
i n t he L o p h i u s , as i n the M y x i n o i d s and L a m p r e y s , i t is o v a l : i n 
mos t P lag ios tomes i t s t ransverse d iamete r is the longest , as i f 
p r e p a r a t o r y to a d i v i s i o n . I t s c a v i t y i s , h o w e v e r , s imple i n a l l 
fishes. T h e parietes o f t h e v e n t r i c l e are v e r y muscu la r , and t h e 
fibres are redder t h a n those o f a n y o ther p a r t o f t h e m u s c u l a r 
sys tem ; b u t t h e co lou r is less deep i n the g round- f i shes t h a n i n 
those t h a t s w i m nearer the surface , a n d e n j o y more ac t ive l o c o 
m o t i o n a n d r e sp i r a t i on . T h e e x t e r i o r m u s c u l a r fibres decussate 
a n d in t e r l ace toge the r i r r e g u l a r l y a n d i n e x t r i c a b l y ; b u t t h e 
deeper-seated ones f o r m more r e g u l a r l aye r s , t he i n n e r m o s t b e i n g 
t ransverse a n d c i r c u l a r , and separa t ing r e a d i l y b y s l i g h t decom
p o s i t i o n f r o m t h e ou te r and m o r e l o n g i t u d i n a l layers . Some o f 
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the i n t e r n a l f a sc icu l i send o f f the ( chordae tendineae' above m e n 
t ioned i n the S t u r g e o n ; b u t i n a lmost a l l o ther fishes those 
' c h o r d s ' are absent, and the au r i cu la r va lve is f ree . I n most 
Osseous Fishes the o r i f i ce at the base o f the bu lbus arteriosus is 
p r o v i d e d w i t h a p a i r o f semi lunar v a l v e s : the Sun- f i sh ( Orthago
riscus) has f o u r such valves the re . 1 B u t the Ganoids , H o l o c e p h a l i , 
and Plagios tomes have t w o or more t ransverse r o w s o f semi lunar 
valves at tached to the i n n e r surface o f t h e i r l o n g and muscula r 
bu lbus arteriosus. T h e r e are t w o r o w s o f th ree valves i n the 
G r e y Shark (Galeus), i n the B l u e Sha rk (Carcharias), i n the 
D o g - f i s h (ScyIlium), and i n the Chimaeroids: the Amia has t w o 
r o w s o f s ix va lve s : i n the genera Sphyma, Mustelus, Acanthias, 
Alopias, Lamna, Rhinobatus, Torpedo, and Accipenser, there are 
three rows o f v a l v e s : the Sturgeon's h e a r t 2 shows five valves i n 
the anter ior r o w , and f o u r valves i n each o f the o ther r o w s ; a n d 
the f r ee marg ins o f the valves are connected b y s h o r t ' chordae 
tendineae' t o the parietes o f the b u l b . T h e genera Hexanthus, 
Heptanchus, Centrophorus, and Trygon have f o u r r o w s o f valves. 
T h e hear t o f the Raia Batis3 shows five r o w s , t h e valves 
increas ing i n size to the las t r o w , w h i c h is at the t e r m i n a t i o n o f 
the b u l b . Scymnus, Squatina, and Myliobat's have also five 
r o w s o f valves. I n Cephaloptera t he l a rge b u l b u s a r t e r i o s u s 4 

presents i n t e r n a l l y three l o n g i t u d i n a l angu la r r idges , a t the sides 
o f w h i c h are sma l l valves disposed i n pai rs , and i n f o u r or five 
r o w s : besides these there are th ree l a rge r valves at t he b e « i n -
m n g , and three at t he end o f the b u l b . T h e valves are s t i l l more 
numerous i n l ep idoganoid fishes, and are a r ranged i n l o n g i t u d i n a l 
r a the r t h a n i n transverse rows : t he P o l y p t e r u s shows th ree such 
rows o f n ine or t e n l a rge r semilunar valves a l t e r n a t i n g w i t h as 
m a n y rows o f smaller valves. T h e Lep idos teus has five l o n g i 
t u d i n a l rows o f sub-equal v a l v e s : those a t t he end o f the b u l b 
be ing a lways the larges t and most e f f ic ien t . I n the L e p i d o s i r e n 
the place o f valves is suppl ied i n i t s l o n g and t w i s t e d b u l b u s 
arteriosus b y t w o l o n g i t u d i n a l r idges , fig. 312 , c ; 5 the i n t e r e s t i n g 
stages, w h i c h w e have been t r a c i n g t h r o u g h the h i g h l y organised 
Ganoids and Plagios tomes, i n the p a r t i t i o n o f the b u l b i n t o 
d i s t i nc t a r t e r i a l t r u n k s f o r the systemic and p u l m o n i c c i r c u l a t i o n , 
be ing most advanced i n t h i s amphib ious fish. 

T h e aur ic le i n the Lepidosiren annectens, i b . a, is essential ly 
i n g l e , b u t has t w o ea r - l ike appendages. 6 T h e venous sinus 

xx u. p. 37, prep. no. 905. * Ib. p. 38, prep. no. 908. * Ib p 
I found its cavity more capacious than that of the contracted v< 

5 X X X I I I . p. 343. p. pi. xxvi. fig. 2. c. e lb p 3 4 5 

prep. no. 909. 
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communicates w i t h i t w i t h o u t any i n t e r v e n i n g v a l v e ; t h e au r i c l e 
receives t h e v e i n f r o m t h e a i r -b ladder b y a d i s t i nc t aper tu re , close 
to t h e open ing i n t o t h e v e n t r i c l e ; r e g u r g i t a t i o n i n t o the v e i n 
b e i n g p r e v e n t e d b y a h a r d v a l v u l a r 
t ube rc l e , w h i c h also projects i n t o the 
v e n t r i c l e . T h e v e n t r i c l e ( f i g . b) is 
s ing le , l i k e t h e a u r i c l e ; i t s i nne r 
parietes are v e r y i r r e g u l a r : a e t r a -
b e c u l a ' p ro jec ts f r o m t h e l o w e r 
p a r t o f the c a v i t y , l i k e a r u d i m e n t a l 
s e p t u m : a smal ler t ransverse e t r a -
b e c u l a ' arches over and acts as a 
va lve t o the s ingle a u r i c u l o - v e n t r i -
cu la r open ing , b u t the re are no 
p rope r membranous semi lunar 
va lves . 

T h e muscu la r parietes o f t h e 
i b u l b u s a r t e r iosus ' are d i s t i n c t i n 
a l l fishes f r o m those o f t h e v e n t r i c l e ; 
t h e y m a y be ove r l apped b y these, 
b u t an aponeurot ic sep tum i n t e r 
venes b e t w e e n the o r i g i n o f the b u l b 
a n d t h e o v e r l a p p i n g v e n t r i c u l a r 
fibres.1 

§ 84 . Gills of Fishes.—The p r i m a r y d i v i s i o n o f t h e b r a n c h i a l 
a r t e r y i n the M y x i n o i d s has been a l ready descr ibed. E a c h g i l l -
sac receives, e i the r f r o m the t r u n k or i t s b i f u r c a t i o n s , i t s p rope r 
a r t e r y . T h e l e a d i n g c o n d i t i o n o f t h e g i l l s i n o ther fishes m a y be 
unders tood b y supposing each compressed sac o f a M y x i n e , fig. 

Circulatiu and respiratory organs, 
Lepidosiren 

Two gill-sacs, Bdeilo-
stoma Two gill-sacs, Lamprey 

3 1 3 , m, t o be s p l i t t h r o u g h i t s p lane , a n d each h a l f t o be g l u e d b y 
i t s ou t e r smooth side to an i n t e rmed ia t e s ep tum, w h i c h w o u l d t h e n 
s u p p o r t t h e opposi te halves o f t w o d i s t i n c t sacs, a n d expose t h e i r 
vascu la r mucous surface t o v i e w . I f t h e s e p t u m be a t t ached b y 

xx. vol. i i . p. 39, prep. no. 910. 
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i ts en t i re m a r g i n , the c o n d i t i o n o f the plagiostomous g i l l is effected. 
I f the sep tum be l i be ra t ed a t t he ou te r p a r t o f i ts c i r cumference 
and the vascular surfaces are p roduced i n t o pec t ina ted l a i n e l l i -
gerous processes, t u f t s , or filaments, p roceed ing f r o m the f r e e a rch , 
the g i l l o f an o r d i n a r y osseous or teleostomous fish is f o r m e d . 
Such a g i l l is the homologue , no t o f a s ingle g i l l - sac , b u t o f the 
cont iguous halves o f t w o d i s t i n c t gil l-saes, i n the M y x i n e s . 
A l r e a d y , i n the L a m p r e y s , t he first stage o f th i s b i - p a r t i t i o n m a y 
be seen, fig. 314 , m, and the n e x t stage i n the Sharks and R a y s : 
consequent ly i n these fishes, a d i f f e r e n t a r t e r y goes to the an te r ior 
b r anch i a l surface o f each sac or f issure f r o m t h a t w h i c h supplies 
the poster ior b r a n c h i a l surface o f the same fissure; w h i l s t one 
b r a n c h i a l a r t e r y is appropr ia ted to each s u p p o r t i n g sep tum or 
a rch be tween the fissures, as i t is t o the l i be ra t ed sep tum or 
b ranch ia l a rch i n the Teleostomi.1 B e f o r e descr ib ing the b r a n c h i a l 
vessels i t w i l l be necessary to describe the organs u p o n w h i c h 
t h e y r a m i f y . 

I n the L a m p r e y s and Plagiostomes each s u p p o r t i n g sep tum o f 
the t w o ( an t e r io r and pos te r io r ) b r a n c h i a l mucous surfaces is 

~| a t tached to the p h a r y n g e a l and d e r m a l i n t e g u 
ments b y i t s en t i re pe r iphe ra l m a r g i n , a n d the 
streams o f w a t e r flow o u t b y as m a n y fissures 
i n t h e s k i n , i b . A, as those b y w h i c h t h e y enter 
f r o m the p h a r y n x , i b . f : these are called" < fixed 
g i l l s , ' and the species possessing t h e m are cha
rac ter ised as 'p isces b ranch i i s fixis.' I n the 
Te leos tomi = Osseous, P l ec togna th i c , L o p h o -
branchia te , G a n o i d , and Holocepha lous fishes, 
the outer border o f the s u p p o r t i n g b r a n c h i a l 
a rch is una t tached t o the s k i n , a n d p lays f r e e l v 
b a c k w a r d and f o r w a r d , w i t h i t s g i l l - sur faces , 
i n a common g i l l - c a v i t y w h i c h has a s ingle 
ou t l e t , u s u a l l y i n the f o r m o f a v e r t i c a l fissure: 

the species w i t h th i s s t ruc tu re are ca l led ' pisces b ranch i i s 
l i be r i s . ' 

I n t he M y x i n e the ou t le t s o f the s ix l a t e r a l b r a n c h i a l sacs, fie. 
315, m, o n each side are p roduced i n t o shor t tubes, w h i c h open 
i n t o a l o n g i t u d i n a l canal , k, d i r ec ted b a c k w a r d , and discharo-ino-

joineTSXla**** EdwaT* haS ^ ^oaologv by the&.u£ 
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the b r a n c h i a l s t ream b y an o r i f i c e , h, near the m i d d l e l i n e o f the 
v e n t r a l su r f ace : b e t w e e n the t w o out le ts o f these l a t e r a l l o n g i 
t u d i n a l canals, b u t nearer the l e f t one, is a t h i r d l a rge r open ing , 
i, w h i c h communica tes b y a shor t d u c t w i t h the end o f the l o n g 
oesophagus, / , and admits the w a t e r , w h i c h passes f r o m t h a t t u b e 
b y the l a t e r a l o r i f ices , f , l e ad ing i n t o the b r a n c h i a l sacs. T h i s is 
the first step i n developement b e y o n d t h a t s impler c o n d i t i o n w h i c h 
preva i l s i n the L a n c e l e t , w h e r e t h e w h o l e parietes o f a m u c h 
d i l a t ed oesophagus, fig. 169, rr, are organised f o r r e s p i r a t i o n ; and 
besides the p h a r y n g e a l open ing , ph, t h e sac communicates b y a 
shor t and w i d e ' d u c t u s oesophago-cutaneus,' i b . od, w i t h the 
e x t e r n a l surface, and also w i t h the pe r i t onea l c a v i t y . T h e 
common re sp i r a to ry surface o f the oesophagus is c i l i a t e d i n t h e 
L a n c e l e t . T h e sacs developed f r o m the oesophagus, and specia l ly 
set apar t f o r r e sp i ra t ion i n the M y x i n o i d s , have a h i g h l y vascular , 
b u t n o t a c i l i a t ed mucous s u r f a c e : th i s is disposed i n r ad i a t ed 
fo lds , and is f u r t h e r increased b y secondary plicae. T h e seven 
b r a n c h i a l sacs on each side o f the oesophagus 
have shor t e x t e r n a l ducts , fig. 313 , k, w h i c h 
open b y as m a n y d i s t i n c t or i f ices i n the s k i n 
i n a species o f Bdellostoma hence ca l led hep-
tatrema: t he i n t e r n a l b r a n c h i a l ducts com
m u n i c a t e b y as m a n y openings, i b . f , w i t h 
t h e oesophagus. I n the L a m p r e y s there are, 
also, seven s t igma ta on each side ; b u t another 
stage i n the separat ion o f the r e sp i r a to ry f r o m 
the d iges t ive t r a c t is here seen, f o r each i n 
t e r n a l d u c t communica tes w i t h a med ian 
canal , fig. 310 , d, beneath a n d d i s t i n c t f r o m 
t h e oesophagus, t e r m i n a t i n g i n a b l i n d end 
b e h i n d , and c o m m u n i c a t i n g a n t e r i o r l y w i t h 
the fauces b y an o p e n i n g gua rded b y a doub le 
membranous va lve . 

I n a l l h i g h e r fishes t h e in l e t s t o the b r a n c h i a l 
interspaces are s i t ua t ed o n each side the 
fauces, and are equa l i n n u m b e r w i t h those 
interspaces, fig. 3 1 6 , l — 5 . T h e out le t s are, 
w i t h t h e e x c e p t i o n o f t h e P lag ios tomes , s ing le 
o n each s i d e : t h e y v a r y m u c h i n s ize ; are 
r e l a t i v e l y la rges t i n the H e r r i n g and M a c k e r e l 
f a m i l i e s , smal les t i n the E e l s and L o p h i o i d 
fishes; i n some o f the s m a l l F r o g - f i s h e s , 
Antennarius, t he c i r c u l a r b r a n c h i a l pore is p r o d u c e d i n t o 

Branchial slits and lungs, 
Lepidosiren. XXXIII. 
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shor t t u b e above each pec to ra l fin. T h e power o f e x i s t i n g 
l o n g o u t o f wa t e r depends c h i e f l y o n these mechanica l m o d i 
fications f o r d e t a i n i n g a q u a n t i t y o f t h a t e lement i n the 
b ranch i a l sacs; f o r fishes pe r i sh w h e n t a k e n o u t o f wa te r , c h i e f l y 
b y the cohesion and desiccat ion o f t h e i r fine vascular b r a n c h i a l 
processes, t h r o u g h w h i c h t h e b lood is t he r eby p reven ted f r o m 
passing. 1 I f su f f i c i en t w a t e r can be r e t a ined t o keep the g i l l -
plates floating, the o x y g e n w h i c h is consumed b y the c a p i l l a r y 
b ranch i a l c i r c u l a t i o n is supp l ied t o the w a t e r r e t a ined i n the 
b r a n c h i a l sac d i r e c t l y f r o m t h e a i r . I n some o f t h e E e l t r i b e the 
smal l b r a n c h i a l out le ts are c losely a p p r o x i m a t e d b e l o w , as i n 
Sphagebranchus; and t h e y are b lended i n t o a s ingle o r i f i ce i n 
Symbranchus, analogous t o t h a t i n the M y x i n e . I n some Ganoids , 
m a n y Plagiostomes, fig. 137, br, and a l l S turgeons , a canal leads 
f r o m the fo re pa r t o f each side o f the b r a n c h i a l chamber t o t h e 
t o p o f the h e a d ; the out le ts are ca l led f spiracles, ' t h e canals 
' spiracular . ' T h e nasal sac communicates i n the L a m p r e y w i t h 
the s ingle homologous canal , t h e i n n e r or f a u c i a l ape r tu re o f 
w h i c h is shown at c, fig. 277 . 

T h e b ranch ia l chamber is la rges t i n t h e fishes w h i c h have the 
smallest out le ts , as, e.g., i n the E e l t r i b e , t h e U r a n o s c o p i , the 
B lenn ies , and especially the L o p h i o i d s : e x t e n d i n g b a c k w a r d i n the 
A n g l e r (Lophius piscatorius) t owards t h e h i n d p a r t o f the abdomen, 
w i t h a p ropo r t i ona l e longa t ion o f the branchios tega l r a y s ; and 
s t i l l f u r t h e r back i n Halieutea. T h e opercu la r flaps f o r m i n g the 
outer w a l l o f the g i l l - chambers are descr ibed a t pp . 123, 124, 
fig. 8 4 ; the b ranch ia l arches a t p . 106, fig. 85. T h e bas i -
branchials are u sua l l y present o n l y i n the t w o or three an te r io r 
arches, the others j o i n i n g be low d i r e c t l y , or b y t h e m e d i u m o f a 
g r i s t l y p la te ( T r i g l a ) t o t h e las t b a s i b r a n c h i a l ; or t e r m i n a t i n g 
loosely, as i n Murenophis. T h e hypobranch ia l s are u s u a l l y 
present o n l y i n the first or second a rches : the most constant 
elements, b o t h as to existence and shape, are the cera tobranchia ls , 
fig. 85 , 47, and epibranchia ls , i b . 48. T h e p h a r y n g o - b r a n c h i a l s , 
i b . 49, v a r y i n shape and t i s s u e ; t h e y a t t ach the arches t o t h e 
base o f t h e s k u l l , and develope, w i t h the an te r io r ep ibranchia ls , 
fig. 325 , t he complex l a b y r i n t h i c appendages o f t h e b r a n c h i a l 
apparatus i n the C l i m b i n g P e r c h (Anabas) a n d i t s al l ies . I n 
Lophius and Diodon there are o n l y three pairs o f b r a n c h i a l arches. 
T h e fissures be tween the arches become shor ter as t h e y recede i n 
pos i t ion , t he las t b e i n g c o m m o n l y a mere f o r a m e n : t h e i r v e r t i c a l 
ex t en t shows an agreement w i t h t h a t o f the ou te r g i l l - s l i t : t h e y 

1 cvr. p. 124. 
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A branchial leaf, with the respiratory capillaries on side, 
Cod. CCLXVIII. 

are l o n g , e.g. i n the M a c k e r e l ; shor t i n the E e l : i n the L o p h o -
branchs t h e y are o n e - t h i r d the l e n g t h o f t h e arches: i n the 
P lec togona ths t h e y are h a l f t h a t l e n g t h ; i n the C a r p - t r i b e t h e y 
are n e a r l y as l o n g , i n the S a l m o n - t r i b e q u i t e as l o n g , as the 
b r a n c h i a l arches themselves. 

T h e m a i n purpose o f the g i l l s o f fishes b e i n g t o expose t h e 
venous b l o o d i n a state o f m i n u t e subd iv i s ion t o streams o f w a t e r , 
t h e b r a n c h i a l ar teries r a p i d l y d i v i d e a n d subd iv ide u n t i l t h e y 
resolve themselves i n t o m i 
croscopic capi l lar ies . These 
cons t i tu te a n e t w o r k i n one 
plane or l aye r , fig. 317 , 
suppor ted b y an elastic 
p la te , and covered b y a 
tessellated and non-c i l i a t ed 
e p i t h e l i u m . T h i s c o v e r i n g 
and the t u n i c s o f the c a p i l 
lar ies are so t h i n as t o 
a l l o w the chemica l i n t e r 
change a n d decomposi t ion 
t o t ake place be tween the carbonated b l o o d and the oxygena t ed 
wa te r . T h e requ i s i t e e x t e n t o f t h e r e sp i r a to ry field o f capi l lar ies is 
ga ined b y var ious modes o f m u l t i p l y i n g the surface 
w i t h i n a l i m i t e d space. I n the Marsipobranchii 
and Plagiostomi, f o r example , b y fo lds o f m e m 
brane on plane surfaces : i n the Lophobranchii b y 
clavate processes g r o u p e d i n t o t u f t s : i n t h e Pro-
topteri, b y double or s ingle f r i n g e s o f filaments: 
i n the rest o f the class b y t h e p r o d u c t i o n o f the 
c a p i l l a r y - s u p p o r t i n g plates f r o m each side o f l o n g , 
compressed, slender, p o i n t e d processes, e x t e n d i n g , 
l i k e the t e e t h o f a comb, b u t i n a doub le r o w , fief. 
318 , d, d, f r o m t h e convex side o f each b r a n c h i a l a r ch , 
fig. 3 1 1 , b. 

E a c h p a i r o f processes has i t s flat sides t u r n e d 
t o w a r d con t iguous pa i r s , a n d t h e t w o processes o f 
each pa i r s tand edgeways t o w a r d each o ther , and 
are c o m m o n l y u n i t e d f o r a g rea te r o r less e x t e n t 
f r o m t h e i r base: hence C u v i e r describes each pa i r 
as a s ing le b i f u r c a t e d p la t e , ' f e u i l l e t . ' 1 

I n t h e S w o r d f i s h (Xiphias), t h e processes o f the 
same p a i r s t and q u i t e f r e e f r o m each o t h e r ; whence 
A r i s t o t l e descr ibed th i s fish as h a v i n g doub le t h e 

318 

Diagram of the cir
culation of the blood 
through the bran
chial leaflets. Fish. 
XXIII. x x m . i . p. 379. 
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usua l n u m b e r o f g i l l s . 1 B u t t o compensate f o r t h i s i n d e p e n d 
ence, and to p r e v e n t the inconvenience o f m u t u a l pressure, t h e 
processes o f the same series are u n i t e d toge ther b y l i t t l e vascular 
lamella?, so t h a t the surface o f the g i l l is r e t i cu l a t e r a t h e r t h a n 
pec t ina te . I n the Orthagoriscus t h e processes o f each series are 
n o t opposite, b u t a l te rna te . I n a f e w species the processes o f 
each pa i r are j o i n e d toge the r t o near t h e i r apices, as i n t h e 
S t u r g e o n , i n w h i c h the muscu lo -membranous m e d i u m o f u n i o n 
extends f r o m pa i r t o pa i r t h r o u g h o u t t h e en t i re g i l l , f o r m i n g a 
t r u e e s ep tum branchia le , ' and p resen t ing a t r a n s i t i o n t o the more 
comple te sep tum w h i c h d iv ides the r e s p i r a t o r y vascular surfaces 
i n t he P lagios tomes . 

I n fig. 318 , the course o f the b l o o d t h r o u g h a p a i r o f b r a n c h i a l 
processes is d i a g r a m m a t i c a l l y s h o w n : a is a sect ion o f t h e 
b r a n c h i a l a r t e r y ; d is the b r a n c h sent a l o n g t h e ou te r m a r g i n o f 
the process; e is t he vessel r e c e i v i n g the b l o o d f r o m t h e c a p i l 
lar ies a f t e r the r e sp i ra to ry change has been effected, and r e t u r n i n g 
i t , a long the i n n e r border o f the process, t o the b r a n c h i a l v e i n , t h e 
sect ional area o f w h i c h is s h o w n at c. I n fig. 319 are s h o w n t h e 
vascular plates or lamella?, h, o f the b r a n c h i a l processes, A ' , i n the 
C o d (Morrhua vulgaris), i n w h i c h t h e y are conf ined to the i n n e r 
h a l f or t w o - t h i r d s o f the process. F i g . 317 , r ep resen t ing a t r ans 
verse sect ion o f the process, shows the degree and f o r m i n w h i c h 
t h e plates ex t end f r o m i t o n each s i d e : the a r rows ind ica te the 
course o f the b l o o d f r o m the ou te r to t h e i n n e r bo rde r o f the 
p la t e -bea r ing process. F i g . 320 represents the f r a m e - w o r k 
s u p p o r t i n g t h e vascular s t r u c t u r e o f the g i l l : a is a sect ion o f the 
b r a n c h i a l a r c h ; h is t he base o f t h e b r a n c h i a l process a t tached t o 
b u t d i s t i nc t f r o m the a r c h : c i t s ou te r obtuse borde r ; d i t s i n n e r 
border , f r o m w h i c h are c o n t i n u e d the elastic cords, f 3 e x t e n d i n g 
a long the outer m a r g i n o f the lamella?, fig. 317 , i, and m a i n t a i n i n g 
t h e m ou t s t r e t ched . 2 T h e n u m b e r o f plates o n one process has been 
es t imated at 55 i n the G u d g e o n , 96 i n the T e n c h , 106 i n t h e 
B a r b e l , 135 i n the C a r p , 700 i n the E e l , 1000 i n the C o d , 
1400 i n t h e Sa lmon , 1600 i n the S tu rgeon . 

I n some Osseous Fishes c e r t a i n o f the b r a n c h i a l arches s u p p o r t 
o n l y one series o f processes ; such are ca l l ed e un i se r i a l , ' or e h a l f 
g i l l s ; b u t , as a genera l r u l e , t h e y s u p p o r t ( b i se r i a l , ' or ' w h o l e ' 
g i l l s . M o s t o f the L a b r o i d s , t he genera Cottus, Scorpcena, 
Sebastes, Apistes, Zeus, Antennarius, Polypterus, Gobiesox, 

1 x x m . t. viii. p. 192. 
2 For the histology of these structures, sec Dr. Williams's minute description in 

CCLXVIII. pp. 288-290. 
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Lepadog'aster, and the Cyclopterus liparis have th ree b i se r ia l g i l l s 
and one u n i s e r i a l g i l l ; the genera Lophius, Batrachus, Diodon, 
Tetrodon, Monopterus, Cotylis, have three b i se r i a l g i l l s ; Malthcea 
and Lepidosiren have t w o b i se r i a l g i l l s and one un i se r i a l g i l l ; t he 

319 320 

Section of branchial arch with a pair of processes, Section of branchial arch, a, with supporting frame-
A', supporting the branchial plates, 6, Cod. work of the plate-bearing processes, Cod. 

CCLXVIII. COLXVIII. 

C u c h i a (Amphipnous) has o n l y t w o g i l l s . T h e above e n u m e r a t i o n 
re fe r s t o t h e b r a n c h i a l organs o f one s ide ; t h e y are s y m m e t r i c a l 
i n a l l fishes, a n d t h e u n i s e r i a l ope rcu l a r g i l l is n o t coun t ed , as n o t 
b e i n g a t tached t o a p rope r b r a n c h i a l a rch . 

T h e b r a n c h i a l processes are b o n y , at least a long the ou t e r and 
t h i c k e r border , i n mos t Osseous F i shes (e .g . Salmo, Alosa, Gadus). 
T h e y are g r i s t l y , l i k e the arches w h i c h suppor t t h e m , i n the 
S t u r g e o n , w h e r e t h e y b reak u p i n t o del icate b r a n c h e d f r i n g e s , 
a l o n g t h e i r ou t e r m a r g i n . S m a l l (interbranchial' muscles e x t e n d , 
t h r o u g h t h e u n i t i n g s ep tum, b e t w e e n the bases o f the processes, 
f o r e f f e c t i n g s l i g h t r ec ip roca l m o v e m e n t s . 1 

1 CXII. CXI 11. 
I I 
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T h e concave borders o f the b r a n c h i a l arches are u s u a l l y beset 
w i t h defensive processes, f r i n g e s , or tuberc les , and these sometimes 
suppor t sma l l t e e t h w h i c h a id i n d e g l u t i t i o n ; b u t t h e c h i e f off ice 
o f these appendages, w h i c h p r o j e c t i n w a r d t o w a r d the m o u t h , is t o 
p r e v e n t the passage o f any par t ic les t o the interspaces o f t h e g i l l s , 
w h i c h m i g h t i n j u r e or i r r i t a t e t h e i r de l ica te t e x t u r e . I n the 
edentulous S t u r g e o n and P a d d l e f i s h each a rch suppor ts a close-set 
series o f such r e t r o v e r t e d slender t a p e r i n g filaments, fig. 2 7 6 , 
w h i c h are l onge r t h a n t h e opposite b r a n c h i a l processes, i b . u : 
t h e y are developed even f r o m the fifth or p h a r y n g e a l a r ch , w h i c h 
has no g i l l . S i m i l a r f r i n g e s o f ex t r eme del icacy d e f e n d the 
b r a n c h i a l s l i t i n the G r a y M u l l e t . F r e q u e n t l y such a f r i n g e is 
developed o n l y f r o m the first b r a n c h i a l arch, M a c k a r e l , P e r c h , 
fig. 85 , 63, the res t s u p p o r t i n g den ta ted tuberc les , fig. 3 2 1 , a n d 
the last or p h a r y n g e a l a rch b e i n g beset w i t h t e e t h o n l y . I n t h e 
R e m o r a and m a n y o ther F i shes , t he defens ive tube rc le s o n 
opposite sides o f the same b r a n c h i a l fissure i n t e r l o c k , l i k e the 
t ee th o f a cog-whee l . I n the Lepidosiren annectens, fig. 3 1 6 , 
shor t v a l v u l a r processes are developed f r o m t h e sides o f those 
b r a n c h i a l fissures o n l y w h i c h lead to the g i l l s , t h e first a n d second 
arches h a v i n g no g i l l s . I n the Conger , a l l t he b r a n c h i a l arches 
are devo id o f defensive f r i n g e s or tuberc les . 1 

T h e immed ia t e fo rce o f the heart 's c o n t r a c t i o n is app l i ed b y a 
shor t a n d r a p i d l y d i v i d e d a r t e r i a l t r u n k , fig. 3 0 8 , B , u p o n the 
b r a n c h i a l c i r c u l a t i o n . O n l y i n a f e w fishes is t h e hea r t r e m o v e d 
b a c k w a r d f r o m the close p r o x i m i t y o f the g i l l s , a n d t h e n the 
b r a n c h i a l a r t e r y is p r o p o r t i o n a l l y e longated ; as i n the E e l t r i b e , 
especial ly the Synbranchidce: t he a r t e r y is l o n g i n the Planirostra, 
fig. 276 , s. T h e p r i m a r y branches are a lways opposi te a n d s y m 
m e t r i c a l , b u t v a r y i n n u m b e r i n d i f f e r e n t species. V e r y c o m m o n l y , 
as i n the P e r c h , t h e y are th ree i n n u m b e r on each s ide ; t h e first 
b r a n c h d i v i d i n g , as i n fig. 308 , B B , t o s u p p l y t h e f o u r t h and' t h i r d 
g i l l s , the second g o i n g to the second, and the t h i r d t o t h e first 
g i l l , i b . b, be. I n t h e P o l y p t e r u s and Skate the re are o n l y t w o 

p r i m a r y branches on each side : t he first suppl ies t h e th ree poste
r i o r g i l l s ; t he second, f o r m e d b y a t e r m i n a l b i f u r c a t i o n o f the 
b r a n c h i a l t r u n k , supplies the an te r io r g i l l i n the P o l y p t e r u s , a n d 
i n the Skate b i fu rca t e s to s u p p l y also the u n i s e r i a l , ope rcu la r , or 
h y o i d g i l l . T h e F o x - S h a r k (Alopias) and the L e p i d o s t e u s g i v e 
examples o f f o u r pairs o f p r i m a r y branches f r o m t h e b r a n c h i a l 

1 See prep. 1038. (Conger), and its description, xx. 1834, p. 83. 
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t r u n k . I n the S h a r k the first pa i r come o f f close toge the r f r o m 
the dorsal p a r t o f the t r u n k : the arteries o f the las t pa i r q u i c k l y 
b i f u r c a t e , and thus each o f the five b r a n c h i a l fissures receives i t s 
a r t e r y . T h e M y x i n o i d s o f fe r the excep t iona l instances o f the 
b i f u r c a t i o n o f the b r anch i a l t r u n k b y a v e r t i c a l d i v i s i o n i n t o t w o 
l a t e r a l f o r k s , ex tended i n one species to near i t s base: t h e 
L e p i d o s t e u s presents the s t i l l r a re r example o f the t r u n k b e i n g 
c l e f t h o r i z o n t a l l y i n t o an uppe r and l o w e r p r i m a r y d i v i s i o n ; the 
u p p e r or dorsal d i v i s i o n sends o f f t w o branches on each side, t h e 
pos te r io r d i v i d i n g to s u p p l y the f o u r t h , fig. 323 , 5, and t h i r d , 
i b . 4, g i l l s , t he an te r io r g o i n g t o the second g i l l , i b . 3 : the l o w e r 
d i v i s i o n sends o f f t h e pa i r o f ar ter ies t o the first pa i r o f g i l l s , 
i b . 2, t h e n extends f o r w a r d and b i f u r c a t e s to s u p p l y the un i se r i a l 
ope rcu la r g i l l s , i b . l , w h i c h are present i n t h i s g a n o i d genus, as 
i n the S t u r g e o n . 1 I n the C o d 
and o ther Osseous Fishes t h e 
vessels o n each side, w h i c h are 
analogous t o t h e p u l m o n a r y 
veins i n m a n , u n i t e t o f o r m t h e 
e ao r t i c c i r c l e , ' fig. 3 2 1 , a, w h i c h 
encompasses t h e basisphenoid, H . 
T h e c u r r e n t o f a r t e r i a l i sed b l o o d 
flows f o r w a r d a t t he f o r e - p a r t o f 
t h i s c i r c l e i n t o the hyo -ope r -
c u l a r , e', and orb i to -nasa l , b, 
a r t e r i e s ; b u t the m a i n streams 
are d i r ec t ed b a c k w a r d , and con
ve rge i n the d i r e c t i o n o f t h e 
a r r o w s t o the aor t i c t r u n k . T h e carot ids , c, t he homologues o f the 
subclavians , cl, sent t o the pec to ra l fins, and sometimes the co ro 
n a r y vessels o f t h e hea r t , are sent o l f f r o m t h e aor t ic c i rc le . B u t 
no sys temic hea r t or r u d i m e n t o f a p r o p e l l i n g receptacle is de
ve loped i n a n y fish a t t h e p o i n t o f conf luence o f the b r a n c h i a l 
ve ins . 

S m a l l vessels are sent o f f f r o m t h e m a r g i n a l b r a n c h i a l venules 
b y shor t t r u n k s , w h i c h r a m i f y benea th t h e b r a n c h i a l m e m b r a n e , 
a n d become t h e ' arteriae n u t r i t i a e ' o f t h e g i l l s : t h e i r capi l la r ies 
are co l l ec t ed i n t o venous t r u n k s , w h i c h q u i t t h e g i l l s c o m m o n l y 
a t b o t h t h e i r e x t r e m i t i e s , those f r o m t h e dorsa l ends j o i n i n g 
t h e j u g u l a r ve ins , those f r o m t h e v e n t r a l ends e m p t y i n g 
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Commencement of Systemic Circulation, Dorse 
(Gadus Callarias). xxv. 
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themselves i n t o the praecavals, or d i r e c t l y i n t o the g rea t a u r i c u l a r 

sinus. 
Such is the o u t l i n e o f the gene ra l s t r u c t u r e o f the b e a u t i f u l 

a n d complex mechan i sm o f the n o r m a l or pec t ina ted g i l l s o f fishes. 
O f th i s there are m a n y m i n o r m o d i f i c a t i o n s ; some o f w h i c h rece ive 
e x p l a n a t i o n f r o m k n o w n phenomena i n t h e deve lopement o f t h e 
g i l l s ; 2 o thers , t e l e o g i c a l l y , f r o m t h e habi ts o f t h e species. 

F i v e b r anch i a l arches and ar ter ies , or vascular hoops, are 
developed on each side i n the e m b r y o o f a l l fishes above the D e r 
m o p t e r i , as a genera l r u l e . 3 A t first t h e t r u n k o f the b r a n c h i a l 
ar ter ies s i m p l y b i fu r ca t e s , t h e d iv is ions passing r o u n d the p h a r y n x 

and r e u n i t i n g on i t s do r 
sal surface , to f o r m the 
aorta. B e h i n d th i s p r i 
m a r y c i r c l e , w h i c h cor
responds w i t h the f o l d 
d e v e l o p i n g the h y o i d and 
m a n d i b u l a r arches, f o u r 
a d d i t i o n a l a r t e r i a l hoops 
are sent o f f , fig. 3 2 2 , u, 
w h i c h t raverse , w i t h o u t 
f u r t h e r r ami f i ca t i ons , t he 
convex side o f the f o u r 

an te r io r s imple b r a n c h i a l arches, and r e u n i t e above i n the aor t ic 
t r u n k , i b . m. I f a s i x t h a r t e r i a l a rch be developed, cor respond
i n g w i t h the fifth b r a n c h i a l a rch , as i t s presence i n the L e p i 
dosiren w o u l d ind ica te , i t has n o t been observed, a n d m u s t 
soon disappear i n most Osseous Fishes. I n these the g i l l s m a k e 
t h e i r appearance as leaflets b u d d i n g o u t f r o m t h e c o n v e x i t y o f 
the f o u r an te r io r b r anch i a l arches, each lea f le t s u p p o r t i n g a 
cor responding loop o f the b r a n c h i a l a r t e r y ; and , as the b i f u r 
ca t ion and ex tens ion o f the p r i m a r y leaflets and the p u l l u l a t i o n 
o f secondary lamina? and loops proceed, the vascular a rch begins t o 
separate i t s e l f l e n g t h w i s e i n t o t w o channels , t r aversed b y opposi te 
cu r ren t s , and t h e r e b y es tab l i sh ing an a r t e r i a l , fig. 3 1 8 , cl, a n d a 
venous, i b . e, t r u n k i n r e l a t i o n to the loops and t h e i r vascular 
developements o n the b r a n c h i a l processes. I n Osseous F i shes 

1 These ' vena? nutritiae' are unusually large in the Carp; but are not, as Du Verney 
supposed (CVI I I . ) , directly continued from the true 'vena? branchiales;' and they do 
not, therefore, divert any of the stream of arterialised blood from the aorta to pour it 
directly into the venous sinus. See Muller, xx i . 1841, p. 28. 

2 CXI. CXII . cxm. 
3 The six-gilled Shark (Hexanchus) and the seven-gilled Shark (Heptanchus) are 

among the few exceptions. 



GILLS OF FISHES. 485 

323 

Branchiae and pseudo-branchia, 
Lepidosteus. xxn. 
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the p r i m a r y a r t e r i a l a rch , cor responding w i t h t h e an te r io r or 
h y o i d one, developes e i the r a s imple 
( u n i s e r i a l ) g i l l , o r a p l e x i f o r m , p l u 
mose, r u d i m e n t o f a g i l l , o r b o t h , or 
ne i the r . I n the Lep idos teus th i s a r ch 
re ta ins i t s p r i m i t i v e connec t ion w i t h 
the e x t r e m i t y o f t h e b r a n c h i - a r t e r i a l 
t r u n k , and developes o n each side a 
s m a l l u n i s e r i a l pec t ina ted g i l l , fig. 3 2 3 , 
l , f r o m the membrane c l o t h i n g the 
i n n e r surface o f the c e r a t o - h y o i d and 
p reopercu la r bones : t h e v e i n or e f fe 
r e n t vessel, e, o f th i s g i l l goes to a smal ler 
pec t ina ted o rgan , i b . E , cons i s t ing l i k e 
wise o f one series o f vascular filaments, w h i c h agrees w i t h the 
c p seudobranch ia ' o f o ther fishes i n b e i n g supp l i ed w i t h a r t e r i a l 
b lood . I n the S t u r g e o n , the L e p i d o s i r e n , a n d the Plagios tomes the 
representa t ive o f the p r i m a r y vascular a rch has become, b y p a r t i a l 
b i f u r c a t i o n o f the b r a n c h i - a r t e r i a l 
t r u n k , a secondary b ranch , sent o f f 
b y the a r t e r y o f the first b r a n c h i a l 
a r c h : b u t i t nevertheless developes 
a s imple g i l l , o f one series o f filaments 
i n t he L e p i d o s i r e n , fig. 324 , l , a n d o f 
the an te r io r series o f lamellae i n the first 
g i l l - b a g o f the P lag ios tomes : and th i s 
series is a t tached, l i k e the opercu la r 
g i l l o f the Lep idos teus and S t u r g e o n , 
to t he membrane suppor ted b y the 
h y o i d a rch . 

I n mos t Osseous Fishes w e recognise 
the r educed homologue o f t h e an t e r io r 
p r i m a r y vascular a r ch i n t h a t vessel, 
fig. 3 2 1 , e, w h i c h is c o n t i n u e d f r o m t h e 
venous o r r e f l u e n t d i v i s i o n o f the 
second p r i m a r y vascular a r c h ; no t , as 
i n t h e f o r e g o i n g fishes, f r o m the ar
t e r i a l d i v i s i o n o f t h a t a r ch , or f r o m 
the b r a n c h i a l t r u n k . T h e vessel i n 
q u e s t i o n carr ies , t he r e fo re , a r t e r i a l 
b l o o d : i t mani fes t s i t s p r i m i t i v e 

charac ter b y r e t u r n i n g i n t o t h e c i r c u l u s aor t i cus , as a t e', fig. 
3 2 1 , b u t n o w receives b l o o d f r o m i t , a n d is ca l l ed ' a r t e r i a 

Respiratory and circulatory organs, 
Lepidosiren annectens. XXXIII. 
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h y o - o p e r c u l a r i s : ' t he pseudo-branchia , w h e n present , as a t 
fig. 3 2 1 , R , is developed f r o m i t . 

I n Osseous F i shes the f o u r n o r m a l b i se r i a l pec t ina ted g i l l s are 
developed o n l y f r o m the f o u r an te r io r b r a n c h i a l arches ; the fifth 
and las t a rch has no g i l l developed f r o m i t , b u t is conver t ed , as w e 
have seen, i n t o a pa i r o f accessory j a w s . I n the L e p i d o s i r e n , as 
i n H e x a n c h u s , the fifth a rch supports a un i se r i a l g i l l , fig. 3 2 4 , 6. 
I n the Planirostra, a l t h o u g h the b r a n c h i a l pec ten is n o t developed 
f r o m i t , y e t the same k i n d o f l o n g slender filamentary processes 
p r o j e c t i n w a r d s f r o m i t s c o n c a v i t y , as f r o m t h a t o f each o f the 
an te r io r f o u r pairs o f b r a n c h i a l arches. T h e five interspaces 
be tween the h y o i d a rch and the five b r a n c h i a l arches are o r i g i n a l l y 
exposed o n the sides o f the head o f the e m b r y o osseous fish; t he 
opercular and branchios tegal appendages are l a t e r developements , 
a n d the s ingle b r a n c h i a l o u t l e t is t he r e su l t o f the f o r m a t i o n o f t h e 
g i l l - c o v e r . T h u s the numerous b r a n c h i a l aper tures i n the c a r t i 
l ag inous fishes, l i k e the substance o f t h e i r ske le ton , are re ten t ions 
o f e m b r y o n i c s t ruc tures . V e r y i n t e r e s t i n g arrests o f deve lopement 
are also f o u n d i n b o n y fishes. W e have seen t h a t the p r i m a r y vas
cu la r hoops sweep over t h e i r respect ive arches w i t h o u t sending o f f 
any branches, the ( s u b s e q u e n t l y ) b r a n c h i a l veins b e i n g , i n the 
e m b r y o , d i r e c t con t inua t ions o f the b r a n c h i a l ar ter ies . T h i s 
p r i m i t i v e c o n d i t i o n is pers is tent i n the f o u r t h b r a n c h i a l a r ch o f 
ce r t a in M u r a m o i d fishes o f the Ganges, Monopterus, Symbranchus;1 

i t is pers is tent i n the first and second b r a n c h i a l arches o f t h e eel
l i k e L e p i d o s i r e n , fig. 324 . 2, 3. Such arches are, the re fo re , g i l l -
less, and a ce r t a in p r o p o r t i o n o n l y o f the b lood t r a n s m i t t e d f r o m 
the hear t is aerated i n the g i l l s : abou t one f o u r t h , e. g . i n Mono-
pterus, goes d i r e c t l y to the aor ta i n i t s venous state ; a l a r g e r 
q u a n t i t y w o u l d pass i n t o the roots o f the aor ta , fig. 3 1 2 , o, o, a n d 
m i x w i t h the genera l c i r c u l a t i o n i n the L e p i d o s i r e n , w e r e no p a r t 
o f t he c u r r e n t d i v e r t e d b y the vessels I, V, i n t o the l u n g - l i k e 
m o d i f i c a t i o n o f i t s a i r -b ladder . 

A t u f t o f filaments, s u p p o r t i n g each a s ingle vascular loop , a n d 
covered w i t h non-c i l i a t e e p i t h e l i u m , extends f r o m each b r a n c h i a l 
p la te , p r o t r u d i n g f r o m the ou te r s l i t , i n the e m b r y o o f t h e P l a g i o 
stomes ; 2 and a s imi l a r t u f t also extends f r o m the spiracle i n those 
species w h i c h possess i t , e . g . Mustelus and Acanthias; b u t 
these p r e l i m i n a r y b r a n c h i a l organs soon disappear. 4 T h r e e seem
i n g l y analogous filaments are r e t a ined o n each side, f o r a l o n g e r 
pe r iod , i n the Lepidosiren annectens; b u t lose t h a t vascular and 

1 cxix. 2 xx, vol. v. p. 72. 3

 L X I X . p. 88, pi. 14. 
1 LXXXII. exxv. CXII I . p. 97. 
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r e sp i r a to ry character be fo re t h e y are absorbed. Accessory 
r e sp i r a to ry organs, a c t i n g c h i e f l y as a reservoi r or filter o f 
w a t e r , 1 are developed f r o m the uppe r p a r t o f the p h a r y n x 
i n the C l i m b i n g P e r c h (Anabas scandens) and a l l i ed fishes o f 
amphib ious h a b i t s ; t h e y are complex fo lds o f s l i g h t l y vascular 
membrane suppor ted on sinuous plates developed f r o m the 
p h a r y n g o - and epi-branchials o f the ante- I 3 2 5 
r i o r b r a n c h i a l arches, fig. 325 , 48 ; whence 
th i s f a m i l y o f fishes is ca l led Labyrinthi-
branchii. A n accessory b ranch ia l r a m i f i e d 
vascular o rgan is s i m i l a r l y s i tua ted i n the 
genus thence ca l led Heterobranchus. I t r e 
sembles a m i n i a t u r e t ree o f r e d co ra l , is 
h o l l o w and muscu la r , and serves n o t o n l y f o r 
r e sp i r a t i on , b u t , as C u v i e r suggests, t o a id i n 
p r o p e l l i n g t h e a r te r ia l i sed b lood intO the Branchial arches and labyrin-

T . i /~\ i • / A 7- \ thic reservoir, Anabas. xxm. 
aorta. I n t h e U u c h i a (Ampnipnous), a | 
finless snake- l ike fish, w h i c h l u r k s i n holes i n t h e marshes o f 
B e n g a l , t he second b r a n c h i a l a rch supports a f e w l o n g fibrils, a n d 
t h e t h i r d a s imple l a m i n a f r i n g e d a t i t s edge ; the first and f o u r t h 
arches have n o t even the r u d i m e n t o f a g i l l . T h e b r a n c h i a l 
f u n c t i o n is t r a n s f e r r e d t o a receptacle o n each side o f the head, 
above the b r a n c h i a l arches, covered b y t h e u p p e r p a r t o f the oper
c u l a r m e m b r a n e ; these receptacles have a ce l l u l a r and h i g h l y 
vascular i n t e r n a l s u r f a c e ; the c a v i t y communica tes w i t h t h e 
m o u t h b y an open ing be tween the h y o i d and first b r a n c h i a l a r ch , 
and receives i t s b lood f r o m the t e r m i n a l b i f u r c a t i o n o f t h e 
b r anch i a l a r t e r y , a n d also f r o m t h e e f f e ren t vessels o f t h e r u d i 
m e n t a l g i l l s . Those f r o m the supp lemen ta l l u n g - l i k e vascular 
sacs are co l lec ted i n t o t w o t r u n k s , w h i c h u n i t e w i t h t h e pos te r io r 
unb ranched b r a n c h i a l ar ter ies t o f o r m the aor ta . T h u s abou t one 
h a l f o f the v o l u m e o f b l o o d t r a n s m i t t e d f r o m t h e hea r t is c o n 
v e y e d t o t h e aor ta w i t h o u t b e i n g exposed t o t h e ac t i on o f the a i r . 
T h i s amphib ious fish is , as m i g h t be expected , o f a s lugg i sh a n d 
t o r p i d n a t u r e , a n d r e m a r k a b l e f o r i t s t e n a c i t y o f l i f e . T h e h o m o 
logues o f t h e super io r b r a n c h i a l sacs e x t e n d i n a G a n g e t i c S i l u r o i d 
fish, t h e S i n g i o , b e y o n d the c r a n i u m , b a c k w a r d benea th the dorsa l 
m y o c o m m a t a u p o n t h e n e u r a l arches o f the vertebrae to near t h e 
end o f t h e t a i l , w h e r e t h e y t e r m i n a t e i n b l i n d ends. T h e i n n e r 
t u n i c o f the sacs is a del icate vascular m e m b r a n e , supp l i ed b y a 
c o n t i n u a t i o n o f the pos ter ior b r a n c h i a l a r t e r y . T h e p o s i t i o n o f 
the pa l a t a l o p e n i n g o f the sac, i n r e l a t i o n t o t h e laminae o f t h e 

1 CLXXIV, vol. i i i . p. 372. 
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second and t h i r d arches, is such t h a t w a t e r can w i t h d i f f i c u l t y 
penetra te t h e m , and t h e y are u s u a l l y f o u n d to con ta in a i r . T h e y 
are no t , however , t he homologues o f the a i r -b ladder or o f l u n g s , 
t h o u g h t h e y are analogous to t h e l a t t e r i n f u n c t i o n . B y th i s 
ex t r eme m o d i f i c a t i o n o f t h e opercu la r g i l l t h e S ing io (Sacco-
branchus, C u v . ) is enabled t o t r a v e l on l a n d to a g rea t distance 
f r o m i t s na t i ve r i ve r s or marshes, and , l i k e t h e C u c h i a , is r e m a r k 
able f o r s u r v i v i n g the i n f l i c t i o n o f severe w o u n d s . 1 I n most fishes 
a r i c h developement o f fo l l i c l e s o n the wa l l s o f the g i l l - chamber 
supplies the b r a n c h i a l m a c h i n e r y w i t h a l u b r i c a t i n g mucus . 

T h e mechanism o f b r a n c h i a l r e sp i r a t i on d i f f e r s f r o m t h a t o f 
s w a l l o w i n g , o n l y i n the streams o f w a t e r b e i n g p r e v e n t e d f r o m 
e n t e r i n g the g u l l e t , and b e i n g d i v e r t e d to the b r a n c h i a l sl i ts on 
each side the p h a r y n x . 

T h e m o u t h opens b y the r e t r a c t i o n o f the p r e m a x i l l a r y and t h e 
depression o f the mand ib le . A l m o s t s imul taneous ly the m a n d i 
b u l a r r a m i are d iva r i ca t ed b e h i n d b y the ac t i on o f the ' levatores 
t y m p a n i , ' fig. 134, 24, u p o n t h e i r ped ic les ; t he opercu la r flaps are 
d r a w n o u t w a r d b y t h e ' levatores o p e r c u l i , ' i b . 2 5 ; the b r a n c h i o 
stegal membrane is d i l a t ed b y d i v a r i c a t i o n o f the r ays , t he c l eva 
tores b ranch ios tegarum, ' f i g . 135, 28, oppos ing t h e ' depressores,' 
i b . cl, i n th i s ac t ion ; t he b r a n c h i a l arches are successively d r a w n 
f o r w a r d and o u t w a r d b y the c b ranchi - leva tores , ' fig. 137, 3, and 
' mastobranchiales, ' i b . 26; and the b ranch ia l chamber b e i n g thus 
expanded, the wa t e r rushes i n t h r o u g h the s ieve- l ike i n n e r s l i t s , 
and fills the chambers, floating apar t the g i l l s and filtering 
be tween every b r a n c h i a l process and f o l d . T h e i n n e r s l i t s are, 
t h e n , closed b y the p r o t r a c t i o n o f the h y o i d and depression o f the 
b r anch i a l arches, the ; g e n i o h y o i d e i , ' fig. 135 , coopera t ing w i t h 
the ' branchi-depressores, ' fig. 137, £5, i n th i s ac t ion ; t h e b r a n c h i a l 
processes are a p p r o x i m a t e d and d iva r i ca t ed b y special muscles , 
and elastic parts . T h e r e s p i r a t o r y cu r ren t s are d r i v e n o u t b y the 
con t r ac t ion o f the branchios tega l membranes and the depression 
and adduc t ion o f the opercu la r flaps, w h i c h , o n the e x p u l s i o n o f 
the cur ren t s , close l i k e a door u p o n t h e ' s i l l ' f o r m e d b y t h e 
scapular arch. I n the Plagios tomes the b r a n c h i a l cu r r en t s are 
m o v e d and d i r ec ted b y muscles , c o m b i n e d w i t h elastic s t r uc tu r e s , 
more i m m e d i a t e l y a c t i n g o n the i n n e r a n d ou t e r s l i t s a n d the 
in te rmedia te chambers. 

§ 85 . Arteries of Fishes.—The first s t r u c t u r e t o be no t i ced i n 
connec t ion w i t h the a r t e r i a l sys tem, is the vascular b o d y a l ready 
a l luded to unde r the name o f ' pseudobranchia . ' Mormyrus, Tinea, 

1 cxvn. 
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Cobitis, Nandus, Silurus, Batrachus, Gymnotus, Murcenophis, and 
Murazna are examples o f genera i n w h i c h i t has n o t been detected. 
I n a lmost a l l o ther Osseous Fishes i t is present , s i tua ted on each side 
o f t he head, i n advance o f the dorsal end o f the first b i se r i a l g i l l , 
unde r the f o r m e i ther o f a sma l l exposed r o w o f vascular filaments, 
l i k e a un i s e r i a l g i l l (as i n a l l Sciasnoids and m a n y other Acantho-
pteri, t he Pleuronectidce, and the Lepidosteus, fig. 323 , R ) ; or , l i k e 
a vaso-gangl ionic b o d y , composed o f pa ra l l e l vascular lobes, and 
covered b y the membrane o f the b r a n c h i a l chamber (as i n Esox, 
Cyprinus, Oadus, fig. 3 2 1 , R ) . I n b o t h cases the v e i n or e f fe ren t 
vessel o f the pseudobranchia becomes the oph tha lmic a r t e r y , i b . k, 
a n d the c h o r o i d e vaso-gangl ion , ' w h e n present , is developed f r o m 
i t . T h e S t u r g e o n , l i k e the Lep idos teus and L e p i d o s i r e n , has a 
un i se r i a l opercu la r g i l l , the homologue o f the first so-called c h a l f -
g i l l ' o f the P lagios tomes ; and , on the an te r io r w a l l o f the e sp i ra -
cu la r canal , ' a sma l l vascular l amel la te b o d y receives a r t e r i a l i sed 
b l o o d b y a vessel sent o f f f r o m the v e i n o f the first b i se r i a l g i l l ; 
w h i c h b lood , a f t e r b e i n g subd iv ided amongst i n n u m e r a b l e p i n n a -
t i f i d capi l lar ies is co l lec ted aga in i n t o the e f fe ren t vessel o f t h a t 
b o d y , and d iv ides i n t o t h e a r t e r y f o r the b r a i n (encepha l ic ) , and 
t h a t f o r t h e eye ( o p h t h a l m i c ) . T h e pseudobranchia is thus a k i n d 
o f ' re te m i r a b i l e ' f o r b o t h the cerebra l and o p h t h a l m i c c i r c u l a t i o n 
i n t he S t u r g e o n 1 : i n Osseous F ishes i t stands i n t h a t r e l a t i o n t o t h e 
eye o n l y , and is mos t gene ra l l y associated w i t h the more i m m e d i a t e 
o p h t h a l m i c { re te m i r a b i l e , ' ca l led ' c h o r o i d g l a n d , ' fig. 2 1 6 , o. 
T h e pseudobranchia , i n the Plagios tomes t h a t have the sp i racula , is 
developed, as i n the S t u r g e o n , on the an t e r io r w a l l o f each o f those 
t e m p o r a l ou t le t s f r o m t h e b r a n c h i a l c a v i t y : i t s e vena a r t e r i o s a ' 
suppl ies the eyes and p a r t o f the b r a i n : i t coexists i n the P l a g i o 
stomes, Chimaeroids, S tu rgeons , a n d some Osseous Fishes , w i t h 
the vaso-gangl ion supp l i ed b y vessels f r o m the an te r io r b r a n c h i a l 
ve ins , w h i c h l i e s b e t w e e n t h e an te r io r bas i -branchials a n d the s terno
h y o i d muscles. Besides t h e s m a l l nasal a n d o r b i t a l ar ter ies , a n d 
t h e hyo-ope rcu la r , f r o m w h i c h the p rope r o p h t h a l m i c a r t e r y is 
d e r i v e d , t h e carot ids are u s u a l l y sent o f f f r o m the 1 c i r c u l u s 
aor t icus . ' I n the Chimaera t h e carot ids are t r a n s m i t t e d d i r e c t l y 
f r o m t h e an t e r io r b r a n c h i a l veins ; and , i n the P i k e , the a r t e r y o f 
t h e pec to ra l fins ( b r a c h i a l ) is t r a n s m i t t e d f r o m the c o m m o n t r u n k 
o f t he t w o an t e r i o r b r a n c h i a l veins . I n the M y x i n e s an a n t e r i o r , 
as w e l l as a pos te r ior , aor ta is c o n t i n u e d f r o m the c o m m o n c o n f l u 
ence o f t h e b r a n c h i a l veins . I n a l l h i g h e r fishes t h e pos te r io r 
ao r t a is t h e o n l y systemic t r u n k so f o r m e d . 

1 xx i . pp. 41-67, 75. 
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T h i s aorta extends beneath the bodies o f the vertebra? a long the 
abdomen and t h r o u g h the haemal canal t o the end o f the t a i l . I n 
m a n y C y p r i n o i d fishes i t d i la tes benea th each abdomina l ve r t eb ra 
i n t o a sinus. I t g ives o f f i n t e rcos ta l ar ter ies , w h i c h i n m a n y 
a d u l t fishes become f e w e r i n n u m b e r t h a n the in t e rcos ta l spaces ; 
i t supplies numerous smal l branches to t h e k idneys . I n the 
S y n g n a t h i the aor ta grooves the k i d n e y i n i t s course, and i n the 
A n c h o v y s inks i n t o the r e n a l substance. T h e first p r i n c i p a l 
v iscera l b r anch is the ' cce l i ac ; ' w h i c h sometimes, as i n t h e 
B u r b o t , is sent o f f f r o m the pos ter ior p a r t o f t h e e c i r cu lus 
aor t icus , ' and i n some Sharks b y t w o t r u n k s f r o m t h e same par t . 
T h e n e x t b ranch is a pos ter ior mesenter ic , w h i c h varies i n size 
according to the e x t e n t o f the i n t e s t i n a l canal supp l i ed b y the 
cceliac. B e t w e e n these, i n some fishes, t he b rach ia l ar ter ies are 
sent o f f f r o m the abdomina l a o r t a : these vessels i n t h e l a r g e -
firmed Torpedos and Chimaera? have a p a r t i a l i n v e s t m e n t o f 
muscu la r fibres, l i k e secondary bu lbs , b u t w i t h o u t any v a l v u l a r 
s t ruc tu re to g ive ef fec t i n o n w a r d f l o w to t h e i r a c t i on . 1 

I n the Porbeag le Sha rk (Lamna cornubica) t he t w o cceliac 
arteries each sp l i t i n t o a b u n d l e o f sma l l a r ter io les , w h i c h i n t e r 
lace w i t h a s imi la r r eso lu t ion o f the hepat ic veins to f o r m a m i x e d 
fasciculate e p l exus m i r a b i l i s ' b e t w e e n the pe r i ca rd i a l s ep tum and 
the l i v e r . T h e a r t e r i a l b lood is co l lec ted again i n t o a t r u n k on 
the outer side o f each p l e x u s ; and is d i s t r i b u t e d b y the r a m i f i 
cations o f those t r u n k s i n the o r d i n a r y w a y to t h e s tomach and 
in tes t ines . 2 T h e a r t e r i a l branches to the s p i r a l va lve i n the F o x 
Sha rk are r emarkab le f o r the r i c h bundles o f t w i g s b y w h i c h t h e y 
d i s t r i b u t e the b lood to t h a t p r o d u c t i o n . I n the M e d i t e r r a n e a n 
T u n n i e s ( Thynnus and Auxis) the branches o f the caeliaco-mesen-
te r ic a r t e r y sent to the s tomach, the pancreas and t h e in tes t ines , 
severa l ly sp l i t u p i n t o s imi l a r fasc icula te plexuses, w h i c h are 
in te r laced w i t h cor responding plexuses o f the veins f r o m those 
viscera p r i o r to the f o r m a t i o n o f the p o r t a l t r u n k . 

B u t the most common m o d i f i c a t i o n o f the v i scera l vascular 
system is the sudden d i v i s i o n and t e r m i n a t i o n o f a b r a n c h , u s u a l l y 
o f the gastr ic a r t e r y , i n a sma l l b o d y c h i e f l y composed o f t h e 
ce l lu la r beg inn ings o f the r e t u r n i n g ve ins , f o r m i n g t h e vaso-
g a n g l i o n so constant i n a l l h i g h e r V e r t e b r a t e s , a n d ca l led the 
1 spleen, ' fig. 276 , n; fig. 2 8 1 , g. I t is n o t present i n the L a n c e l e t ; 
and the g l a n d - l i k e bodies near the cardia i n the Cyc los tomes , and 
near the p y l o r u s i n the L e p i d o s i r e n , w h i c h some have ca l led 
' spleen, ' are more l i k e the recognised remnants o f the v i t e l l i c l e i n 
Osseous Fishes , whe re a t r u e spleen is a c t u a l l y present . T h e 

1 XCVIII. 2 XXT. n. 99. nl. 5. 
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v e i n o f the spleen a lways con t r i bu t e s to f o r m the e vena por ta? ; ' 
b u t i t is i m p o r t a n t t o note t h a t i t is n o t essential t o the f o r m a t i o n 
o f t h a t vessel. T h e absence o f the spleen i n fishes is concomi tan t 
Avith the absence o f the pancreas ; and the increased size and 
c o m p l e x i t y o f the spleen is associated i n some fishes w i t h a cor
respond ing deve lopement o f t h e pancreas. T h u s the re is an 
accessory spleen i n the S t u r g e o n ; a n d the spleen is d i v i d e d i n t o 
numerous d i s t i n c t lobules i n L a m n a , Selache, fig. 278 , cl, and 
some o ther h i g h l y organised Plagios tomes . I n mos t Osseous 
Fishes the spleen is appended b y i t s vessels, and a meso-splenic 
f o l d o f p e r i t o n e u m to t h e h i n d e r end or b e n d o f the s tomach, or 
t o the b e g i n n i n g o f the i n t e s t i n e : i t is o f va r i ab l e b u t c o m m o n l y 
t r i a n g u l a r shape ; o f a deep r e d or b r o w n - r e d co lour , and s o f t 
and spongy : the venous cells o f w h i c h i t is c h i e f l y composed are 
filled w i t h g r a n u l a r corpuscles. 

§ 86 . Air-bladder of Fishes.—The o r g a n so denomina ted is f o u n d , 
i n mos t Osseous Fishes , i n the f o r m o f an e longated b ladder , t ense ly 
filled b y a i r , e x t e n d i n g a long the back o f the abdomen, b e t w e e n t h e 
k i d n e y s and the c h y l o p o i e t i c v iscera , fig. 2 8 1 , k, a n d sometimes 
(Gymnotus, fig. 233 , d, Ophiocephalus, Coius) benea th t h e cauda l 
vertebra? to near t h e end o f the t a i l . I t is sometimes b i f u r c a t e (as 
w e see i t i n most Scomberoids and Carango ids , 1 i n some species o f 
Diodon, Tetrodon, o f Dactylopterus, Pimelodus, Prionotus) ; se ldom 
d i v i d e d l e n g t h w i s e i n t o t w o bladders (Arius, Gagora, Polypterus, 
Lepidosiren, fig. 324 , p, p): m o r e o f t e n d i v i d e d crosswise i n t o 
t w o compar tmen t s , w h i c h i n t e r c o m m u n i c a t e b y a con t rac ted 
o r i f i c e (Cyprinidce, fig. 229 , p q, Characinidce), or are q u i t e 
separate (Bagrus jilamentosus, Gymnotus equilabiatus). I n t h e 
S i l u r o i d genus Pangasius t he a i r -b l adde r is d i v i d e d i n t o f o u r 
l o n g i t u d i n a l l y succeeding po r t ions . I n the Trigla hirundo t h e 
sw im-b l adde r is no tched a n t e r i o r l y b y one i n d e n t , a n d p o s t e r i o r l y 
b y t w o inden t s , f r o m w h i c h notches septa p r o j e c t i n w a r d s : some
t imes the a i r -b l adde r is d i v i d e d p a r t i a l l y , b o t h l e n g t h w i s e and 
crosswise ( Cobitis fossilis, Auchenipterus furcatus, some species o f 
Pimelodus). Somet imes t h e b ladder sends f o r w a r d t w o b l i n d 
processes f r o m i t s f o r e p a r t (Sphyrcena barracuda, Trigla cuculus, 
Conodon antillanus, some species o f Micropogon a n d Otolithus); 
sometimes f r o m i t s h i n d p a r t (Cantharis vulgaris, Lethrinus 
atlanticus, Heliases insolatus, some species o f Sillago, Mcena, a n d 
Smaris); sometimes f r o m b o t h ends (Dules maculatus, Pimelipterus 

1 Dr. Giinther tells me that all the species of these families with a short and 
elevated body, with a short abdominal cavity, and with strong first haemal and inter-
hajmal spines, have the air-bladder bifurcate behind, extending backward between the 

c . L - -• *' icldle of its length. 
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326 

Air-bladder, Corvina 
trispinosa 

altipennis, Lactarius delicatulus). Corvina trispinosa, fig. 326 , has 
t w o slender caecal processes f r o m each side o f i t s a i r - b l a d d e r ; t he 

B e a r d e d U m b r i n a has th ree such processes; the 
a l l i e d ' M a i g r e ' and o ther species o f Scicena, 
w i t h mos t o f the Corvince, have v e r y numerous 
l a t e r a l p n e u m a t i c caeca, w h i c h , as i n Johnius 
lobatus, fig. 3 2 7 , are more or less r a m i f i e d . 1 I n 
some species o f Cheilonemus and Gadus b l i n d 
processes are c o n t i n u e d f r o m b o t h t h e sides and 
ends o f the a i r -b ladder (see the an t e r io r ones 
i n Gadus callarias, fig. 3 2 1 , A , p). I n Gadus 
Navavaga t he l a t e r a l p r o d u c t i o n s expand , and 
l i n e cor responding expansions or excavat ions o f 
the abdomina l parapophyses, t h u s fo reshadow
i n g the pneumat ic bones o f b i rds . I n Kurtus t h e 
a i r -b ladder is enc i rc led b y expanded r ibs , c u r v i n g 
and m e e t i n g be low i t . 2 

T h e proper wa l l s o f the a i r -b l adde r o f o r d i 
n a r y Osseous F ishes consist o f a s h i n i n g s i l v e r y 
fibrous t u n i c , t h e fibres b e i n g a r ranged f o r the 
most p a r t t ransverse ly or c i r c u l a r l y , and i n t w o 

layers fig. 229 , q r; t h e y are con t r ac t i l e and e las t i c ; b u t 
the wa l l s o f the an te r ior c o m p a r t m e n t o f the a i r -b ladder o f 

C y p r i n o i d s , i b . p, are m u c h more elastic t h a n 
those o f the poster ior one. T h e a i r -b ladder 
is l i n e d b y a delicate mucous membrane , w i t h a 

plaster e p i t h e l i u m ; ' i t is more or less covered 
b y the p e r i t o n e u m . I t s c a v i t y is c o m m o n l y 
s imple ; i n the Sheat - f i sh i t is d i v i d e d b y a 
v e r t i c a l l o n g i t u d i n a l sep tum a long t h r e e - f o u r t h s 
o f i t s pos ter ior p a r t . 3 T h e l a t e r a l c o m p a r t 
ments are subd iv ided b y t ransverse septa i n 
m a n y other S i lu ro ids (e. g . genus Bagrus) : t h e 
l a rge a i r -b ladder o f some Species o f Erythrinus 
(e. g . E. salvus, E. tceniatus) is p a r t i a l l y s u b d i 
v i d e d i n t o smal ler cells. T h e ce l l u l a r s u b d i v i 
s ion is such i n the a i r -b ladder o f the Amia, t h a t 
C u v i e r compared i t t o the l u n g o f a r e p t i l e 4 ; 

Air-bladder, Johnius lobatus 
and the t r a n s i t i o n f r o m the a i r or sw im-b l adde r 

1 xxxix. i . p. 94, after Cuvier and Valenciennes, x x m . pi. 138, 139. The most 
complex form is that described by Giiuther (CLXXIV, vol. i i . p. 313) in Collichthys 
lucida, where the air-bladder forms a second investment of the abdominal viscera 
within the peritoneum. ' 

2 CLXXIV. vol. i i . p. 10. 3 cxvi. vol. i i . p. 33, pi. 6, fig. 4. * xxiv. vol. i i . p. 377. 
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t o the l u n g is comple t ed i n the L e p i d o s i r e n , i n w h i c h the 
ce l l u l a r subd iv i s ion and m u l t i p l i c a t i o n o f the vascular surface are 
combined w i t h a comple te b i l a t e r a l p a r t i t i o n o f the b ladder i n t o 
t w o e longated sacs, w i t h a s u p p l y o f venous b l o o d f r o m a t r u e 
p u l m o n a r y a r t e r y , a n d w i t h the c o m m u n i c a t i o n o f the duc tus 
pneumat i cus , as i n t h e P o l y p t e r u s , w i t h the v e n t r a l surface o f the 
oesophagus. 

A t the first i n t r o d u c t i o n i n t o the A n i m a l K i n g d o m o f a t r u e 
l u n g , or a i r - b r e a t h i n g o rgan c o m m u n i c a t i n g w i t h the p h a r y n x or 
oesophagus, m u c h v a r i e t y o f f o r m and s t r u c t u r e , m u c h incons tancy 
even as t o exis tence , m i g h t be expected , especial ly i n t h a t class i n 
w h i c h the n o r m a l f u n c t i o n o f the n e w o rgan c o u l d be so seldom i n 
any degree exercised, and i n w h i c h , t he re fo re , d i f f e r e n t accessory 
or subordinate offices p redomina te i n such r u d i m e n t a l represen
t a t i v e o f the p u l m o n a r y organ . T h e r e is no swim-b ladde r , f o r 
example , i n the orders Dermopteri, Holocephali, a n d Plagiostomi; 
i t is present i n one o f the f ami l i e s ( Gadidce) o f the thorac ic sub 
order o f Anacantliini, and n o t i n the o ther f a m i l y (Pleuronectidce); 
here w e can associate i t s absence w i t h the pecu l i a r f l a t t ened 
f o r m and g r o v e l l i n g habi ts o f the species. I n l i k e manne r w e m a y 
account f o r the absence o f the a i r -b ladder i n the A n g l e r {Lophius), 
w h i c h h a b i t u a l l y keeps the sea-bot tom : b u t the mechan ica l exp l a 
na t i on o f the absence or r u d i m e n t a l c o n d i t i o n o f the sw im-b l adde r 
is n o t so obvious i n r e g a r d t o the A c a n t h o p t e r o u s genera Percis, 
Percophis, Eleginus, Auxis, Trachypterus, a n d Gymnetrus. A 
l a rge and o f t e n complex a i r -b ladder exists i n mos t o f the S i l u r o i d 
fishes; b u t the genera Loricaria, Rhinelepis, and Hypostoma are 
exceptions i n t h a t f a m i l y , h a v i n g no a i r -b ladder . W h a t is m o r e 
i nexp l i cab l e i s , t h a t w h i l e some species o f the same genus , 
Polynemus and Scomber f o r example , have a l a rge s w i m - b l a d d e r , 
others w a n t i t , or have i t o f e x t r e m e l y sma l l size. 

T h e v a r i a t i o n i n respect t o t h e presence or absence o f an a i r -
d u c t (ductus pueumaticus) is expressed i n t h e characters o f t h e 
orders i n the C la s s i f i ca t i on o f F i shes , pp . 1 0 — 1 2 . T h e d u c t , 
w h i c h is s h o w n b y i t s place o f c o m m u n i c a t i o n w i t h t h e b e g i n n i n g 
o f the oesophagus, a n d b y the r u d i m e n t a l l a r y n x , i n P o l y p t e r u s 
a n d L e p i d o s i r e n , fig. 316 , e, t o be the h o m o l o g u e o f t h e t rachea 
o f a i r - b r e a t h i n g V e r t e b r a t e s , is a s imple a n d del icate membranous 
t u b e ; b u t i t presents considerable v a r i a t i o n i n i t s l e n g t h , d i ame te r , 
a n d place o f c o m m u n i c a t i o n w i t h t h e a l i m e n t a r y t r a c t . I n t h e 
H e r r i n g t h e duc tus pneumat icus is p r o d u c e d f r o m t h e pos te r io r 
a t t e n u a t e d end o f the cardiac d i v i s i o n o f the s tomach, fig. 2 8 1 , i, 
a n d opens i n t o the f u s i f o r m a i r -b l adde r a t t h e j u n c t i o n o f the 
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m i d d l e and pos te r ior t h i r d s o f t h a t o r g a n . 1 T h e l o n g , n a r r o w , 
and flexuous duc tus pneumat icus is c o n t i n u e d f r o m the f o r e p a r t 
o f the poster ior d i v i s i o n o f the a i r -b ladder i n the C y p r i n o i d s , and 
opens i n t o the dorsa l p a r t o f t h e oesophagus, fig. 229 , su : the 
shor t , s t r a igh t , and w i d e duc tus pneuma t i cus , i n the Lep idos t eus , 
opens also i n t o the dorsal p a r t o f the oesophagus, the o r i f i ce b e i n g 
served b y a s p h i n c t e r : i n the Erythrinus t h e a i r - d u c t c o m m u 
nicates w i t h the side o f t h e oesophagus ; i n Polypterus, as i n 
Lepidosiren, w i t h the u n d e r or v e n t r a l p a r t o f the b e g i n n i n g o f 
the oesophagus. 2 

T h e p r i n c i p a l seat o f the vascular r ami f i c a t i ons i n t h e a i r -
b ladder , l i k e t h a t i n a t r u e l u n g , is t he mucous l i n i n g membrane ; 
b u t the modes o f r a m i f i c a t i o n i n the p r i m i t i v e pisc ine f o r m o f the 
a i r - b r e a t h i n g o rgan are as va r i ab l e as a n y o f i t s o the r p roper t i es . 
T h e ar ter ies o f the a i r -b ladder are d e r i v e d sometimes d i r e c t l y 
f r o m the abdomina l aor ta , sometimes f r o m the cceliac a r t e r y , 
sometimes f r o m the last b r a n c h i a l v e i n ; a n d i n the L e p i d o s i r e n 
t h e y are con t inued f r o m the aor t ic t e r m i n a t i o n o f the t w o n o n -
r a m i f i e d b r anch i a l ar ter ies , fig. 3 1 2 , V, a n d t he re fo re convey 
venous b lood t o the ce l l u l a r , l u n g - l i k e , doub le a i r -b ladder . T h e 
veins o f the a i r -b ladder r e t u r n , i n some fishes, t o t h e p o r t a l v e i n ; 
i n some, t o the hepat ic v e i n ; i n some, t o t h e grea t c a r d i n a l v e i n ; 
and , i n the L e p i d o s i r e n , i b . p , t h e y penet ra te , b y a common 
t r u n k , the grea t post -caval v e i n , i b . e, f o r m e d b y t h e conf luence 
o f the v iscera l and v e r t e b r a l veins o f the t r u n k ; b u t ins tead o f 
t e r m i n a t i n g the re , t he p u l m o n a r y venous t r u n k passes f o r w a r d , 
t h r o u g h t h e sinus and au r i c l e , t o the e n t r y i n t o the v e n t r i c l e , and 
there t e rmina tes above the v a l v u l a r ca r t i l ag inous t ube rc l e . T h u s 
the aerated b l o o d f r o m the l u n g s enters t h e v e n t r i c l e d i r e c t l v , 
ins tead o f b e i n g p r e v i o u s l y m i x e d w i t h the venous b l o o d i n t h e 
aur ic le . 

T h e vascular sys tem o f t h e l u n g - l i k e a i r -b ladders o f t h e 
P ro top te rous and G a n o i d F ishes f o r m s no f r e t i a m i r a b i l i a ' o r 
vaso-ganglions, b u t resolves i t s e l f i n t o a gene ra l l y d i f f u s e d 
r e t i cu l a r c a p i l l a r y system, w h i c h is m u c h r i c h e r a n d closer i n 
the more subd iv ided and t h i c k e r ce l lu l a r s t r uc tu r e o f t h e an t e r io r 
t h a n o f the poster ior par ts o f the b ladders i n t h e L e p i d o s i r e n . 

^ I n the Osseous Fishes the p r i n c i p a l f o r m s o f t h e t e r m i n a l 
d iv is ions o f the arteries o f the a i r -b ladder are as f o l l o w s : — 1 . A 
reso lu t ion o f the smal ler r ami f i ca t ions i n t o f a n - l i k e t u f t s o f 
capil laries over almost every p a r t o f the i n n e r surface ( C a r p ) . 
2. T h e f o r m a t i o n o f s imi l a r , b u t l a r g e r a n d more local ised, 

1 CXIT. VOl. i i . pi. Viii. fig. 1. 2 ^ ] 8 4 1 j p 1 9 4 > 
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r a d i a t i n g t u f t s ( P i k e ) ; i n b o t h w i t h o u t any special aggrega t ion 
o f t he capi l la r ies t o f o r m a ' vaso-gangl ion . ' 3. T h e convers ion 
o f the t u f t s b y r a p i d s u b d i v i s i o n i n t o capi l lar ies aggregated so as 
t o f o r m r e d g l a n d - l i k e bod ies ; the capi l lar ies r e u n i t i n g i n t o l a rge r 
vessels, w h i c h aga in r a m i f y r i c h l y r o u n d the border o f the g l a n d 
l i k e b o d y ; the rest o f the i n n e r surface o f the a i r -b ladder h a v i n g 
t h e o r d i n a r y s imple c a p i l l a r y sys tem ( P e r c h and C o d ) . I n t h e 
C o d - f i s h , a la rge a r t e r y , a b r a n c h o f the coeliac, and a s t i l l l a rge r 
v e i n , w h i c h empties i t s e l f i n t o t h e mesenter ic , pe r fo ra te toge the r 
t h e fibrous t u n i c o f the s w i m - b l a d d e r . B e f o r e t h e y reach the 
i n n e r surface, t h e y d i v i d e i n t o some branches, w h i c h t h e n radia te 
and subdiv ide u p o n the mucous m e m b r a n e : the ar ter ioles 
f r e q u e n t l y anastomose toge the r , a n d the venules as f r e q u e n t l y 
anastomose w i t h each o t h e r : b o t h are i n e x t r i c a b l y i n t e r w o v e n , 
and f o r m the basis o f the so-called ' a i r - g l a n d , ' w h i c h is essent ial ly 
a l a rge ' b ipo la r re te m i r a b i l e , ' or vaso-gangl ion . T h e u l t i m a t e 
vessels o f t h i s b o d y f o r m loops, 
w h e r e the arteries r e t u r n i n t o 
veins , fig. 328 , and these loops 
are covered b y a l aye r o f vessels 
and e p i t h e l i u m , a, a. T h i s o rgan , 
howeve r , is f u r t h e r composed o f 
a n u m b e r o f p e c u l i a r l y a r ranged , 
e longated corpuscles, w h i c h de
p e n d i n t w o r o w s f r o m each 
vascular b r a n c h , and are b o u n d 
toge ther b y a loose ce l lu l a r 
t i s sue : the corpuscles are beset 
w i t h fine v i l l i f o r m processes. 
T h e b lood r e t u r n s f r o m the vaso-
gangl ions b y sma l l ve ins w h i c h r a r e l y accompany , m o r e c o m m o n l y 
cross, t h e ar ter ies . 4 . T h e t w o c h i e f ' r e t i a m i r a b i l i a , ' o r vaso-
gangl ions , i n t h e a i r -b ladder o f the E e l and Conge r , w h i c h are 
s i t ua t ed a t t h e sides o f t h e o p e n i n g o f the a i r - d u c t , are also 
e b ipo la r , ' a n d consist o f b o t h ar ter io les and v e n u l e s : t h e y consist 
o f s t r a i g h t p a r a l l e l capi l la r ies , as i n fig. 329 : t h e i r e f f e r en t t r u n k s 
do n o t r a m i f y i n t h e i m m e d i a t e m a r g i n o f the vaso-gangl ion f r o m 
w h i c h t h e y issue, as i n the vaso-gangl ions o f the C o d , B u r b o t , 
A c e r i n e , a n d P e r c h , b u t r u n f o r some distance be fo re t h e y 
aga in b r a n c h to f o r m the c o m m o n c a p i l l a r y sys tem o f t h e l i n i n g 
m e m b r a n e o f t h e a i r -b ladder . 

B a t h k e 1 f a i l e d t o de tec t the o p e n i n g o f the a i r - d u c t w i t h the 
1 cxi. 'Ueber die Schwimm-blase einiger Fische,' p. 98. 

328 

Superficial and looped vessels of the vaso-ganglion 
air-bladder, Cod. COLXVIII. 
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oesophagus i n the E e l ; b u t D e l a R o c h e h a d w e l l descr ibed the 
o b l i q u e ape r tu r e , 1 and accura te ly cites the w h o l e f a m i l y o f the 
E e l s as fishes h a v i n g b o t h the so-cal led ' a i r - g l a n d ' and the 
p n e u m a t i c duc t . I t had been supposed t h a t t h e vascular ' a i r -
g l a n d ' was present o n l y i n those fishes w h i c h c o u l d n o t de r ive 
the gaseous contents o f t h e i r s w i m - b l a d d e r f r o m w i t h o u t ; and 
unques t i onab ly i n those fishes w h i c h have t h e shor tes t and 
wides t ducts ( S t u r g e o n , A m i a , E r y t h r i n u s , L e p i d o s t e u s , L e p i d o 
s i ren , P o l y p t e r u s ) the supposed a i r - sec re t ing vaso-gangl ions are 
n o t developed. Since Professor M a g n u s has d e t e r m i n e d the 

exis tence o f f r e e carbonic 
8 2 9 ac id gas, o f o x y g e n , a n d o f 

n _ _ ^ ^ - ^ \ A ^ ^ ^ ^ r ^ - S S ^ ^ ^ azote i n t h e b l o o d , a n d d is -
solved i n d i f f e r e n t p r o p o r -

Q ^ ^ ^ ^ ^ S l l l l ^ s ^ — _ _-^fs^' t ions i n the venous a n d t h e 
Parallel vessels of the vaso-ganglion of the air-bladder, a r t e r i a l b lood , i t m a y be 

Eel. CCLXVIII. -,»i . -| -• i 
r e a d i l y conceived t h a t t h e 

venules o f the vaso-gangl ions m a y w i t h d r a w carbonic ac id gas 
f r o m t h e ar ter io les , and t h a t these m a y reach the i n n e r surface o f 
the a i r -b ladder r i che r i n o x y g e n and poorer i n ca rbonic ac id t h a n 
w h e n t h e y pene t ra ted the vaso-gangl ions . 2 

T h e a i r - d u c t m a y a l l ow the gas t o escape u n d e r c e r t a i n c i r c u m 
stances ; and the smal l size a n d o b l i q u i t y o f i t s o r i f i c e i n m a n y 
Osseous Fishes ( C a r p , E e l ) seem o n l y t o adapt i t t o act as a 
sa fe ty-va lve against sudden expans ion o f t h e gas w h e n t h e fish 
rises to the s u r f a c e : 3 b u t i n the h i g h e r o rgan ised species above-
c i t ed , w i t h shor t and w i d e a i r -duc t s , these m a y , l i k e w i s e , convey 
a i r to the bladder . 

T h e contents o f the a i r -b ladder consist , i n mos t f r e s h w a t e r -
fishes, o f n i t r o g e n , and a v e r y sma l l q u a n t i t y o f o x y g e n , w i t h a 
t race o f carbonic ac id gas : b u t i n the a i r -b l adde r o f sea-fishes, 
and especial ly o f those w h i c h f r e q u e n t g r ea t dep ths , o x y g e n 
predominates . 4 

I n the genera Auchenipterus, Synodon, Malapterurus, and some 
other S i lu ro ids , the axis ve r t eb ra sends o u t on each side a s lender 

1 cxvn. p. 201. 2 xxi . 1841, p. 98. See also Dr. J. Davy, in Phil. Trans. 1838. 
3 Neither the air-duct nor the elasticity of the air-bladder are equal to prevent the 

consequences of a too rapid removal from the enormous pressure which fishes sustain 
at great depths in the sea; those that are drawn up quickly by the hook are often 
found to have the air-bladder ruptured, and sometimes the stomach is protruded from 
the mouth by the pressure of the suddenly extricated and expanded gas. 

4 Humboldt found the gas in the air-bladder of the electric Gymnotus to consist of 
96° of nitrogen and 4° of oxygen. Biot found 87° of oxygen in some of the deep-
sea Mediterranean fishes, the rest nitrogen, with a trace of carbonic acid. No hydro
gen has ever been detected in the air-bladders of fishes. 
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process, w h i c h expands at i t s end i n t o a l a rge r o u n d p l a t e : th i s is 
app l i ed t o the side o f the a i r -b ladder , and can be made to press 
u p o n i t , and e x p e l t h e a i r t h r o u g h the d u c t b y the ac t ion o f a 
sma l l muscle a r i s ing f r o m t h e s k u l l . I n some species o f Gadus 
muscu la r fibres e x t e n d f r o m the v e r t e b r a l c o l u m n u p o n the a i r -
bladder . T h e nerves o f t h e a i r -b ladder are d e r i v e d f r o m the vagus 
a f t e r i t has rece ived organic fibres f r o m the sympathe t ic , fig. 229 , t. 

V i e w i n g the genera l mod i f i ca t ions and re la t ions o f the a i r -
b ladder t h r o u g h o u t the class o f F ishes , w e cannot b u t d iscern and 
a d m i t , n o t w i t h s t a n d i n g some seeming capr ic ious var ie t ies , t h a t i t s 
c h i e f and mos t genera l f u n c t i o n is a mechanica l one, s e r v i n g t o 
regu la te the specific g r a v i t y o f the fish, t o a i d i t i n m a i n t a i n i n g a 
p a r t i c u l a r l e v e l i n i t s e lement , and i n r i s i n g or s i n k i n g as occa
sion m a y serve. T h e genera l l a w o f i t s absence i n the parasi t ic and 
suc to r i a l Dermopteri, and i n a l l g round- f i shes , as t h e Pleuronectidce 
a n d R a y - t r i b e , supports the above conc lus ion . B o r e l l i 1 f o u n d 
t h a t those fishes whose a i r -b ladders w e r e b u r s t sank t o the b o t t o m 
a n d w e r e unable to rise. N o r does the absence o f the a i r -b ladder 
i n the s u r f a c e - s w i m m i n g Sharks m i l i t a t e against t h i s v i e w o f i t s 
p h y s i c a l f u n c t i o n : f o r t h o u g h t h e a i r -b ladder serves, i t also 
enslaves. I t opposes, f o r example , those Fishes t h a t possess i t i n 
t h e i r endeavours t o t u r n o n one side, and i t demands a constant 
a c t i o n o f the ba lanc ing fins to p r e v e n t t h a t comple te u p s e t t i n g o f 
t h e b o d y w h i c h i t occasions f r o m t h e w e i g h t o f the super imposed 
v e r t e b r a l c o l u m n and muscles w h e n l i f e a n d a c t i o n are e x t i n c t . 
T h e Sharks r e q u i r e , b y the pos i t ion o f t h e i r m o u t h and i n t h e i r 
c o m m o n p u r s u i t o f l i v i n g p r e y , f r e e d o m i n t u r n i n g a n d g rea t 
v a r i e t y as w e l l as p o w e r o f l o c o m o t i o n : i f t h e y are n o t a ided 
b y a swim-b ladder , ne i the r are t h e i r muscu l a r exer t ions i m p e d e d 
b y o n e ; w h i l s t t h e i r s w i m m i n g organs acqu i r e t h a t degree o f 
deve lopement and fo rce w h i c h suffices f o r a l l t h e evo lu t ions t h e y 
are ca l led u p o n t o p e r f o r m . W i t h r e g a r d t o t h e accessory offices 
o f t he a i r -b ladder i n r e l a t i o n t o t h e sense o f h e a r i n g , the c h i e f o f 
these r emarkab le mod i f i ca t ions b y w h i c h i t is b r o u g h t i n t o c o m 
m u n i c a t i o n w i t h t h e acoustic l a b y r i n t h have been a l ready descr ibed, 
p . 344 . I n a f e w genera ( Trigla), t h e a i r -b l adde r a n d i t s d u c t 
are subserv ien t t o t h e p r o d u c t i o n o f sounds. 

U n d e r a l l i t s d ivers i t ies o f s t r uc tu r e and f u n c t i o n the h o m o l o g y 
o f t h e s w i m - b l a d d e r w i t h t h e l u n g s is c l e a r l y t r a c e a b l e ; a n d 
finally, i n those orders o f F ishes w h i c h lead m o r e d i r e c t l y t o t h e -
R e p t i l i a , as, f o r example , t he sa lamandro id Ganoidei and Protopteri, ? 

those f u r t h e r mod i f i ca t i ons are supe r induced u p o n the a i r -b ladder , , 
1 cxxxi . cap. 23. 

VOL. I . * K 
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b y w h i c h i t becomes also analogous i n f u n c t i o n t o the l u n g s o f 
t h e a i r -b r ea th ing A m p h i b i a . 

T h e Lepidosiren annectens1 i nhab i t s a p a r t o f t h e r i v e r G a m b i a , 
w h i c h i n the r a i n y season ove r f lows extens ive t r ac t s , t h a t are 
aga in l e f t d r y i n t h e d r y season. Those w h i c h do n o t f o l l o w t h e 
r e t r e a t i n g waters escape f r o m the sco rch ing rays o f the A f r i c a n 
sun b y b u r r o w i n g i n the m u d , w h i c h is soon b a k e d h a r d above 
t h e m ; b u t t h e y m a i n t a i n a c o m m u n i c a t i o n w i t h t h e a i r b y a 
sma l l aper tu re , and , c o i l i n g themselves u p i n t h e i r coo l chamber , 
c lo the themselves b y a l a y e r o f t h i c k mucous secret ion, and 
a w a i t , i n a t o r p i d state, t h e r e t u r n o f the ra ins a n d t h e over
flowing o f t h e mud-banks . T h e advent o f t h e i r p rope r e lement 
wakes t h e m i n t o a c t i v i t y : t h e y t h e n emerge f r o m t h e sof tened 
m u d , s w i m b r i s k l y about , f eed vo rac ious ly , and propagate . 

T h e pecul ia r modi f i ca t ions o f t h e g i l l s a n d a i r -b ladder o f t h e 
L e p i d o s i r e n are p rec i se ly those w h i c h adapt t h e m t o the pecu l i a r 
condi t ions o f t h e i r existence. I n t h e i nac t i ve state i n t o w h i c h 
t h e y are t h r o w n b y t h e i r false pos i t i on as t e r r e s t r i a l an imals , t h e 
c i r c u l a t i o n , w h i c h w o u l d have been l i ab l e t o be s topped had a l l 
t he b r anch i a l ar teries developed g i l l s , as i n n o r m a l fishes, is 
c a r r i ed on t h r o u g h the t w o pers is tent p r i m i t i v e vascular channels , 
fig. 312 , 2 and 3. TVTiatever a m o u n t o f r e sp i r a t i on was r equ i s i t e 
t o m a i n t a i n l i f e d u r i n g the d r y months is e f fec ted i n t h e p u l m o n a r y 
a i r -b ladders ; i t s shor t a n d w i d e d u c t o r t rachea, t h e oesophageal 
o r i f i ce o f w h i c h is k e p t open b y a l a r y n g e a l ca r t i l age , fig. 3 1 6 , f , 
in t roduces t h e a i r d i r e c t l y i n t o the b l a d d e r s : t he b lood t r a n s m i t t e d 
t h r o u g h the b r a n c h i a l arches t o t h e p u l m o n a r y ar te r ies , fig. 3 1 2 , ^ , 
is d i s t r i b u t e d b y t h e i r r ami f ica t ions over t h e ce l l u l a r surface o f 
the a i r -bladders , and is r e t u r n e d a r te r ia l i sed b y t h e p u l m o n a r y 
veins , i b . p, p'. A m i x e d venous a n d a r t e r i a l b l o o d is thence 
d i s t r i b u t e d t o the sys tem, and again t o t h e a i r -b ladders . T r u e 
a r t e r i a l b l o o d exists o n l y i n the p u l m o n a r y ve ins , a n d u n m i x e d 
venous b lood o n l y i n t h e sys tem o f t h e venae cavae; whence t h e 
necessity, appa ren t ly , f o r t h a t pecu l i a r a r r angemen t b y w h i c h t h e 
a r t e r i a l b lood is conveyed d i r e c t l y to the v e n t r i c l e b y t h e p u l 
m o n a r y v e i n . W h e n the L e p i d o s i r e n resumes i t s t r u e p o s i t i o n as 
a fish, the b r a n c h i a l c i r c u l a t i o n is v i g o r o u s l y resumed , a l a r g e r 
p r o p o r t i o n o f a r te r ia l i sed b l o o d enters t h e aor ta , a n d ' b o t h the 
nervous and muscu la r systems receive the a d d i t i o n a l s t i m u l u s and 
suppor t requ is i t e f o r the main tenance o f t h e i r energe t ic act ions 

A n a t o m i s t s and physiologis ts have expressed d i f f e r e n t v i e w s as 
to the homologies and analogies o f t h e r e s p i r a t o r y o r - a n s o f 
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fishes. I n d e e d the essential d i s t i n c t i o n o f those re la t ions has 
seldom been c l ea r ly k e p t i n v i e w . W h e n w e read i n the 
la tes t e d i t i o n o f t h e Compara t ive A n a t o m y o f C u v i e r : * t h e 
g i l l s are the l u n g s o f animals absolu te ly a q u a t i c ; ' 1 and , w i t h 
r e g a r d t o the ca r t i l ag inous o r osseous supports o f the g i l l s , 
e t h e y are i n ou r o p i n i o n , t o the g i l l s o f fishes, w h a t the c a r t i 
lag inous or osseous t rachea l r ings are to the l u n g s o f the three 
super ior c lasses : ' 2 w e are l e f t i n d o u b t w h e t h e r i t is mean t 
t h a t the g i l l s and t h e i r mechanica l suppor ts m e r e l y p e r f o r m the 
same f u n c t i o n i n Fishes w h i c h the l u n g s and w i n d p i p e do i n 
M a m m a l s , or w h e t h e r t h e y are n o t also a c t u a l l y the same par ts 
d i f f e r e n t l y m o d i f i e d i n r e l a t i o n to the d i f f e r e n t r e sp i r a to ry media 
o f t he t w o classes. G e o f f r o y St . H i l a i r e leaves no d o u b t as t o 
h is m e a n i n g w h e r e he argues t h a t the b r anch i a l arches o f fishes 
are t h e m o d i f i e d t racheal r i ngs o f the a i r - b r e a t h i n g classes; w e 
perce ive t h a t he is e n u n c i a t i n g his b e l i e f i n a r e l a t i o n o f h o m o 
l o g y . T h e t r u t h o f his p ropos i t ion w i l l be best tes ted b y first 
cons ider ing the homologies o f the a i r -b ladder o f fishes. I n t h e 
L e p i d o s i r e n the no tochord , the parapophyses, the a t t achment o f 
the scapulae to the occ ipu t , t h e branchios tega l c o v e r i n g o f t h e 
pe rmanen t g i l l s , t he opercular bones, the presence o f a sp i ra l i n 
t e s t ina l va lve , the r e l a t ive pos i t ion o f t h e anus, t h e e x t r a - o r a l 
nasal sacs, the scaly i n t egumen t s , t he mucous tubes o n the head, 
t h e c l a t e r a l l i n e , ' i n shor t , t he t o t a l i t y o f t h e o rgan i sa t ion o f 
t h e L e p i d o s i r e n , e x e m p l i f y i t s f u n d a m e n t a l i c h t h y i c na tu re . I t 
is e x t r e m e l y i n t e r e s t i n g t o find the G a n o i d Polypterus, w h i c h 
o f a l l osseous fishes mos t c losely resembles t h e L e p i d o s i r e n i n i t s 
sp i r a l i n t e s t i n a l v a l v e , i n t h e b i p a r t i t i o n o f t h e l o n g a i r -b ladder , 
t h e o r i g i n o f the arteries o f t h a t p a r t , and the place and l a r y n g e a l 
mode o f c o m m u n i c a t i o n o f t h e shor t a n d w i d e a i r - d u c t o r w i n d 
p i p e , also p re sen t ing the closest agreement w i t h t h e L e p i d o s i r e n 
i n the i m p o r t a n t character o f the f o r m o f t h e b r a i n . T h e c o m m o n 
o b j e c t i o n t o t h e v i e w o f t h e a i r -b l adde r o f fishes b e i n g the r u d i 
m e n t a l homologue o f t h e l u n g s o f a i r - b r e a t h i n g V e r t e b r a t e s has 
been, t h a t t h e a r t e r y o f the a i r -b ladder carr ies a r t e r i a l b l o o d , t h a t 
o f t he l u n g s venous b lood . B u t i n the P o l y p t e r u s a n d L e p i d o 
s i r en , i n re fe rence t o t h i s character , t he arteries o f a i r -b ladders 
are d e r i v e d f r o m the r e t u r n i n g dorsal por t ions o f the b r a n c h i a l 
vascular arches before t h e i r u n i o n t o f o r m t h e aorta . I n t h e 

1 'Les branchies sont les poumons des animaux absolument aquatiques.' (xn i . 
t. vii . p. 164.) 

2 * Elles sont, a, notre avis, aux branchies des poissons, ce que les cerceaux carti-
lagineux ou osseux des voies aeriennes sont aux poumons des trois classes supe-
rieures.' (Ib. p. 177.) 

K K 2 
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P o l y p t e r u s t h e a r t e r y o f each air-sac is f o r m e d b y t h e u n i o n o f 
the e f fe ren t vessels o f the las t g i l l : t he b l o o d i s , t he r e fo re , 
a r te r ia l i sed before e n t e r i n g the a r t e r y o f t h e air-sac. I n the 
L e p i d o s i r e n , b y reason o f the non-deve lopement o f g i l l s o n t w o 
o f the b r a n c h i a l arches, the b l o o d t r a n s m i t t e d t o t h e air-sac is 
venous. B u t t h i s d i f fe rence relates o n l y t o t h e presence o r 
absence o f a p a r t i c u l a r deve lopement o f t h e b r a n c h i a l vascular 
arches, f r o m w h i c h the a i r -b ladders o f t h e t w o species are supp l i ed 
w i t h b lood : i t is a d i f fe rence w h i c h modi f ies the f u n c t i o n w i t h o u t 
a t a l l chanp-inp; the essential n a t u r e o f t h e a i r -b ladders themse lves : 
t h e r e l a t i ve pos i t i on o f these vascular sacs, t h e i r f o r m and size, 
t h e i r mode o f c o m m u n i c a t i o n w i t h t h e oesophagus,—in shor t , 
eve ry character b y w h i c h re la t ions o f h o m o l o g y are d e t e r m i n e d , 
—are the same i n b o t h P o l y p t e r u s and L e p i d o s i r e n . 1 T h e l u n g s 
o f the L e p i d o s i r e n be ing , t h e n , u n e q u i v o c a l l y the homologues o f 
the a i r -b ladder o f t h e P o l y p t e r u s , i t f o l l o w s t h a t t h e y m u s t be 
homologous w i t h the a i r -bladders o f o ther fishes, w h a t e v e r be t h e 
modi f i ca t ions o f f o r m or f u n c t i o n o f such a i r -b ladders . B e t w e e n 
t h e comple t e ly d i v i d e d a i r -b ladder o f the P o l y p t e r u s a n d the u n 
d i v i d e d a i r -b ladder o f the Lep idos teus there are numerous degrees 
o f b i f u r c a t i o n i n the series o f fishes : i t is t o t h e u n d i v i d e d state 
o f t he a i r -b ladder i n the Lep idos t eus t h a t i t s more s t r i c t l y dorsal 
pos i t ion , and i t s c o m m u n i c a t i o n w i t h t ha t aspect o f t h e oesophagus, 
are d u e : these modi f i ca t ions , however , do n o t a f fec t i t s r e l a t i o n 
o f h o m o l o g y w i t h the d i v i d e d a i r -b ladder o f the a l l i e d genus 
P o l y p t e r u s , any more t h a n w i t h the d i v i d e d a i r -b ladders o f t h e 
Cobitis barbatula or Arius gagora, i n w h i c h t h e d iv i s ions are con
fined t o the f o r e p a r t o f the abdomen, a n d are inc losed i n osseous 
cups developed f r o m an te r io r t runk-ver tebrae . T h u s , t h e series 
o f t rans i t ions traceable i n the a i r -b ladders o f fishes proves those 
o f the L e p i d o s i r e n to be the homologous o r g a n s ; w h i l s t t he 
developement , r e l a t i ve pos i t ion , a n d connec t ion o f t h e l u n g s o f 
the B a t r a c h i a e q u a l l y p rove those lungs to be the homologues o f 
the a i r -bladders o f the L e p i d o s i r e n . C o n s e q u e n t l y , t h e a i r -
b ladder o f the F i s h is homologous w i t h t h e l u n g s o f t h e B a t r a c h i a n 
and o f a l l a i r - b r e a t h i n g Ve r t eb ra t e s ; a l t h o u g h t h e a i r -b ladder o f 
the fish does n o t p e r f o r m the f u n c t i o n o f a l u n g , b u t is analo
gous to the air-chambers i n the N a u t i l u s shel l . 

§ 87 . Blood of Reptiles.—The b lood o f R e p t i l e s has r e d cor
puscles o f a flattened sub-b iconvex e l l i p t i c a l shape ; p r o p o r t i o n a l l y 
smallest i n Ophidia, roundest i n Chelonia, a n d larges t i n Batrachia : 

1 Compare xxxm. pi. xxvii. figs. 3 and 4, with xxv. pi. ii. figs. 5 and 6, and fig. 54 
xxxn i . p. 182, with xxv. pi. i i . fig. 7. ' 
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i n these t h e size is greater i n the r a t i o o f the persistence o f t h e 
b r anch i a l appa ra tus ; and the perennibranchia tes present the 
b igges t blood-discs absolu te ly , as w e l l as i n p r o p o r t i o n to the size 
o f t he b o d y , o f a l l ver tebra te animals. T h e t w o extremes i n the 
r e l a t i v e size o f the blood-discs i n pu ln iona t ed Hamatocrya are 
s h o w n i n those o f a Crocodi le , w h i c h was t w e n t y fee t i n l e n g t h , 
p . 4 , fig. 8, e, and i n those o f a Siren lacertina, w h i c h was t w o 
f ee t i n l e n g t h , i b . f . T h e l a t t e r , w h i c h are j u s t v i s ib l e to t h e 
n a k e d eye, serve to demonstrate the h i g h l y r e f r a c t i v e d iv is ions o f 
t h e nuc leus , a n d the nuc lear capsule. 1 

T h e r e is less b lood i n cold-blooded t h a n i n w a r m - b l o o d e d 
animals , and more b lood i n some fishes, t he T u n n y , e. g . , t h a n i n 
a n y r ep t i l e . D r . Joseph Jones 2 estimates the average q u a n t i t y 
o f b lood to b e : — 

In Serpents i to ^ of the weight of the body. 
Emys terrapin TT t 0 A » » 
Emys serrata ~ to ^ „ „ 
Testudo polyphemus ^ to ^ „ „ 

B l o o d d r a w n f r o m a l i v i n g B a t r a c h i a n is o f a p u r p l i s h r e d 
co lour , and coagulates i n t o a c l o t i n c l u d i n g t h e discs, floating i n 
clear serum. T h e c lo t is firmer t h a n t h a t o f fishes, b u t less firm 
t h a n i n a l lan to ic r e p t i l e s ; i n a f e w hours the c lo t dissolves and 
l ibera tes the discs. I n the r e c e n t l y d r a w n b l o o d o f Chelonia 
mos t o f the discs sett le a t the b o t t o m o f t h e vessel, a n d are n o t 
i n c l u d e d i n the clear c lo t w h i c h f o r m s above t h e m . T h e fibrin i n 
t h i s c l o t speedi ly passes i n t o a lbumen . T h e co lour o f t h e se rum 
i n most rep t i l es , e. g . Batrachia, Ophidia, Crocodilia, and some 
Chelonia ( Testudo polyphemus), is a l i g h t y e l l o w : i n m a n y c a r n i 
vorous Chelonia (Emys serrata, E. reticulata, E. terrapin), i t is o f 
a go lden colour . W h e n t r ea ted w i t h a d rop o f s u l p h u r i c ae id , 
a n d g e n t l y heated, the pecu l i a r sme l l o f the species, due , e. g , i n 
t h e A l l i g a t o r , t o t h e musk -g l ands , a n d i n t h e R a t t l e s n a k e t o t h e 
ana l g lands , is p l a i n l y developed. 

T h e b l o o d o f Ophidia contains the greatest p r o p o r t i o n o f so l i d 
cons t i tuen t s , i n t h e co ld-b looded V e r t e b r a t e s . 3 

§ 88 . Veins of Reptiles.—The c a p i l l a r y blood-vessels h a v i n g a 
ca l ib re p r o p o r t i o n a t e to t h e d iameter o f t h e blood-discs w h i c h 
flow a long t h e m i n s ingle file, are la rges t i n t h e Batrachia, i n 
w h i c h class t h e best examples are a f fo rded f o r d e m o n s t r a t i n g t o 

1 CCLXXIII . and CCLXXIV. 2 CCXL v. 
3 Dr. Joseph Jones, from whose excellent and original work (CCXLv.) most of the 

above particulars are taken, suggests that the richness of the ophidian blood may be 
due to the fact of serpents seldom, i f ever, drinking. The comparatively unimportant 
details of the diameters of reptilian blood-discs may be seen in ccxxxix. tome i . 
p. 89. 
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330 

Capillaries with blood-discs of the web of the foot, 
Frog, magn. CCLXVU. 

331 

t h e eye the c i r c u l a t o r y m o t i o n o f the b l o o d , flowing c o n s t a n t l y 
f r o m the arteries t o t h e ve ins , as seen, e. g . b y t r a n s m i t t e d l i g h t 

i n a membranous p a r t o f 
t h e f r o g ' s o r newt ' s s t r u c 
t u r e , u n d e r t h e m i c r o 
scope, fig. 330 . 

T h e venous sys tem o f 
Ba t r ach ians resembles t h a t 
o f F i shes i n t h e degree i n 
w h i c h the species r e t a i n 
the piscine character . T h e 
c a r d i n a l ve ins , essent ia l ly 
those w h i c h r e t u r n the 
b l o o d f r o m the osseous a n d 
muscu la r segments o f t h e 
t r u n k , are l a rges t i n t h e 
Pe renn ib ranchs , a n d de
crease, as t h e h i n d - l i m b s 
acqu i re m o r e size a n d 
p o w e r , i n t h e N e w t s a n d 
Land-Sa lamande r s , u n t i l , 
i n t h e ta i l - less a n d l o n g -
l egged F r o g s a n d Toads , 

OO O 3 

t h e p r i m i t i v e venous t r u n k 
o f t h e b o d y is r educed 
t o t h e c o n d i t i o n o f t h e 
e azygos ' v e i n i n M a m m a l s , 
a n d t h e g rea t b u l k o f t h e 
b l o o d is s u b m i t t e d t o t h e 
i n f luence o f t h e k i d n e y s 
and l i v e r be fo re i t is r e 
t u r n e d t o the hear t . 

I n the F r o g , fig. 3 3 1 , t h e 
b l o o d b e i n g co l l ec ted f r o m 
each h i n d - l i m b i n t o an i s 
chiadic a n d i l i a c v e i n , these 
u n i t e i n t o a c o m m o n i l i a c 
v e i n , w h i c h d iv ides . O n e 
b r a n c h j o i n s t h a t o f t h e 
opposi te i l i a c , a n d receives 
the v e i n o f the g rea t a l l a n 
to i c b ladder , t o f o r m t h e 

o ther b r a n c h , K , goes t o t h e 

Circulation in the Frog, CCLXTII. 

u m b i l i c a l v e i n , ' fig. 3 3 1 , u: t h e 
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k i d n e y o f i t s o w n side. I t inc l ines to the outer border o f the 
g l a n d , and d iv ides i n t o t w o branches, w h i c h r a m i f y i n the r e n a l 
t issue. T h e v e i n o f t h e g e n i t a l g lands and condui t s , and a v e i n 
f r o m the l umbo-do r sa l segments, also enter and r a m i f y i n the 
k i d n e y s . T h e b lood o f th i s * r e n i - p o r t a l ' sys tem is col lected i n t o 
a sinus a t t h e i n n e r border o f each g l a n d , and is conveyed 
b y the v e i n , k, i n t o the postcaval t r u n k , v . T h e u m b i l i c a l v e i n 
ascends a long t h e v e n t r a l aspect o f the abdomen, a t tached to the 
m i d - l i n e o f t h e muscu la r wa l l s o f the c a v i t y : as i t approaches 
t h e l i v e r i t sends branches w h i c h penet ra te d i r e c t l y t h e hepat ic 
t issue, and a b r a n c h w h i c h receives the veins o f the in tes t ines , 
spleen, and s tomach ; b u t , before c o m p l e t i n g t h e p o r t a l sys tem, L , 
i t sends a smal l v e i n d i r e c t l y t o t h e pos tcaval , near the aur ic le . 
T h e hepat ic v e i n , I, j o in s the postcaval t r u n k , v . T h e b l o o d 
f r o m the head a n d f o r e - l i m b s is co l l ec ted i n t o a r i g h t and l e f t 
j u g u l a r and a x i l l a r y t r u n k , w h i c h u n i t e t o f o r m a p recava l v e i n , 
o, o n each'side. T h e postcaval v e i n , i n the Pe renn ib ranchs , a f t e r 
r e c e i v i n g t h e r e n a l ve ins , is suspended b y a d u p l i c a t u r e o f p e r i 
t o n e u m t o the back o f t h e abdomen, t h e f o l d b e i n g c o n t i n u e d 
f r o m the v e i n t o the mesentery : i t enters a g roove or canal i n t h e 
l i v e r , and receives the hepat ic veins a n d the l e f t p recava l , be fo re 
t e r m i n a t i n g i n t h e au r i cu l a r sinus. T h e r e are a f e w valves i n 
the venous t r u n k s o f Batrachia; b u t t h e i r c h i e f character is t ic is 
t h e presence o f 4 s t r iped fibre ' i n t h e muscu la r coat . 1 T h i s is 
associated w i t h the f a c u l t y o f r h y t h m i c a l p u l s a t i o n i n t h e pos t 
cava l , a x i l l a r y , a n d i l i ac t r u n k s , i n d e p e n d e n t l y o f the pulsa t ions 
o f t he hea r t . 2 T h e abdomina l venous t r u n k s t raverse w i d e l y m p h -
reservoirs ; and t h e i r e x t e r i o r is here and the re roughened b y 
l i t t l e vascular loops, floating i n - t h e l y m p h , b u t c o m m u n i c a t i n g 
e x c l u s i v e l y w i t h the m o t h e r - v e i n . 3 

I n Ophidia t he cutaneous veins o f t h e t r u n k a n d in t e rcos ta l 
ve ins communica te w i t h a l a r g e a b d o m i n a l v e i n w h i c h runs a l o n g 
t h e u n d e r p a r t o f the abdomina l w a l l s , and answers t o t h e u m b i 
l i c a l v e i n i n Batrachia. T h e caudal v e i n b i fu rca t e s o n e n t e r i n g 
the abdomen, each d i v i s i o n a f t e r r e c e i v i n g b lood f r o m the gen i t a l 
ducts a n d con t iguous i n t e s t i ne , attaches i t s e l f t o the k i d n e y , and 
r ami f i e s u p o n i t s several o v e r l a p p i n g l o b e s : t h e e f fe ren t r ena l 
ve ins u n i t e t o f o r m a t r u n k , w h i c h , on e m e r g i n g f r o m t h e i n n e r 
a n d f o r e - p a r t o f t h e k i d n e y , j o i n s i t s f e l l o w t o f o r m t h e pos tcaval 
v e i n . T h e veins o f t h e i n t e s t i n a l canal , g e n i t a l g lands , a n d f a t t y 
appendages, w h i c h have n o t c o n t r i b u t e d t o the r e n i - p o r t a l sys tem, 
u n i t e w i t h those o f the pancreas a n d spleen t o f o r m t h e hepato-

1 CCLXXVII. 2 CCLXX. 3 CCLXXVII. 
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p o r t a l v e i n : t h i s di lates a n d describes a sp i r a l c u r v e o n e n t e r i n g 
the l i v e r , and has a v a l v u l a r s t r u c t u r e e n s u r i n g t h e o n w a r d flow 
o f b lood to the e longated g l a n d , d u r i n g t h e compression exercised 
i n t h e con tor t ions o f t h e Snake. T h e hepa t ic veins enter the 

pos tcaval , and th i s l a rge t r u n k 
t e rmina tes i n the h i n d end o f 
t h e l o n g a u r i c u l a r sinus. 

T h e b l o o d f r o m the head and 
fo r e -pa r t o f the b o d y is re 
t u r n e d t o the f o r e - p a r t o f the 
s inus b y a j u g u l a r v e i n and an 
i n f e r i o r azygos v e i n , each o f 
w h i c h has a p a i r o f va lves a t 
i t s t e r m i n a t i o n : and b y a su
pe r io r azygos v e i n , w h i c h has 
th ree valves a t i t s t e r m i n a t i o n : 
the re is a f o u r t h v e i n , answer
i n g to the l e f t p recava l , w h i c h 
passes b e h i n d t h e l e f t aur ic le 
to t e r m i n a t e i n the r i g h t sinus 
auricula? near t h e pos tcaval 
o r i f i c e : i t receives the coronary 
v e i n before i t s t e r m i n a t i o n . 

I n L a c e r t i a n s the b l o o d 
f r o m the h i n d l i m b s is p a r t l y 
conveyed b y a r e n i - p o r t a l 
v e i n , fig. 3 3 2 , K , t o t h e k i d 
neys , and p a r t l y b y a t r u n k , 
w h i c h communica tes w i t h the 
caudal v e i n t o an u m b i l i c a l 
o r sub-abdomina l v e i n , L : t h i s , 
as i t advances, col lects b l o o d 
f r o m the v e n t r a l w a l l s o f t h e 
t r u n k , and receives a r e c u r 
r e n t thorac ic v e i n : i t t h e n 
communicates w i t h the t r u n k 
o f t h e gas t ro - in t e s t ina l , p a n 
creat ic , a n d splenic ve ins , 

T h e 

Circulation in a Lizard (Lacerta ocellata). COLXVII 

t o f o r m the grea t p o r t a l v e i n w h i c h penetrates t h e l i v e r . 
r ena l veins , k, u n i t e to f o r m the pos tcaval , v , w h i c h a f t e r w a r d s 
receives the hepat ic ve ins , and proceeds t o t h e a u r i c u l a r s inus. 
A smal l ca rd ina l or azygos v e i n , r e t u r n i n g p a r t o f the b l o o d 
f r o m the t a i l , advances a long the back p a r t o f t h e a b d o m i n a l 
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c a v i t y , r e c e i v i n g the segmental or v e r t e b r a l ve ins , and te rmina tes 
i n the l e f t p recava l v e i n . T h e j u g u l a r and the a x i l l a r y t r u n k s 
u n i t e t o f o r m a p recava l v e i n , fig. 3 3 2 , v*, o n each side, t he l e f t o f 
w h i c h as usua l passes b e h i n d the aur ic les to the pos tcaval o r i f i ce 
o f t h e sinus. 

I n t h e Che lon i a the b lood f r o m the t a i l and h i n d l i m b s is 
conveyed a long the p las t ron b y a pa i r o f (umbilical' or sub-
a b d o m i n a l t r u n k s , w h i c h receive the ve ins o f the la rge a l l an to ic 
bladders , and the meseraic veins , t o f o r m t h e grea t p o r t a l t r u n k . 
A sma l l d e r i v a t i v e b r a n c h f r o m t h e pos te r ior p a r t o f each u m b i 
l i c a l communicates w i t h l umbo-dor sa l v e r t e b r a l ve ins , and w i t h 
some veins f r o m the g e n i t a l organs to f o r m the r e n i - p o r t a l veins . 
T h e r ena l veins u n i t e w i t h the ova r i an or t es t i cu la r ve ins t o f o r m 
the postcaval , w h i c h traverses t h e l i v e r and receives the re the 
hepat ic v e i n s : the w i d e and shor t t r u n k , fig. 336 , V , t h e n t e r m i 
nates i n the a u r i c u l a r sinus. T h e b lood is r e t u r n e d f r o m the 
head and f o r e - l i m b s b y the j u g u l a r s , figs. 302 and 304 , i, i, and 
f r o m t h e a x i l l a r y ve ins , i b . h, h. E a c h a x i l l a r y un i t e s w i t h t h e 
j u g u l a r o f i t s o w n side t o f o r m a p recava l v e i n : t he r i g h t and l e f t 
precavals enter separately the a u r i c u l a r s inus, t h e l e f t p r ecava l 
o p e n i n g near the postcaval v e i n . 

I n t h e Crocod i l e , t h e caudal v e i n , o n e n t e r i n g t h e abdomen, 
d iv ides i n t o t w o t r u n k s : each un i tes w i t h t h e i sch ia l and i l i ac 
ve ins o f i t s o w n side and advances towards t h e k i d n e y . H e r e 
t h e t r u n k sends o f f a r e n i - p o r t a l v e i n , and is t h e n c o n t i n u e d 
towards the hepa to-por ta l sys tem. T h e r e n a l veins f r o m t h e i n n e r 
side o f the k i d n e y s u n i t e t o f o r m t h e pos tcaval , fig. 3 3 9 , v , 
w h i c h receives the l e f t p recava l , fig. 3 4 0 , v * * , a t i t s e n t r y i n t o t h e 
a u r i c u l a r s inus, i b . s : t he hepat ic ve ins open separately i n t o t h e 
con t iguous end o f the s inus, fig. 3 3 9 , s. T h e b l o o d f r o m t h e head 
a n d f o r e l i m b s is conveyed t o the hea r t , as i n o the r R e p t i l e s , b y a 
p a i r o f precavals , o f w h i c h t h e r i g h t , i b . v , t e rmina te s i n t h e f o r e 
p a r t o f the s inus, and the l e f t t raverses t h e back p a r t o f t h e hear t , 
r e c e i v i n g the c o r o n a r y ve ins , t o j o i n t h e pos tcaval o r t o t e r m i n a t e 
near i t s a u r i c u l a r o r i f i ce . 

§ 89 . Heart of Reptiles.—In L e p i d o s i r e n the v e i n f r o m t h e l u n g 
l i k e a i r -b ladders traverses t h e au r i c l e and opens d i r e c t l y i n t o t h e 
v e n t r i c l e . I n S i r e n the p u l m o n a r y v e i n d i la tes , be fo re c o m m u 
n i c a t i n g w i t h the v e n t r i c l e , i n t o a s m a l l au r i c l e , w h i c h is n o t 
o u t w a r d l y d i s t i n c t f r o m t h e m u c h l a r g e r au r i c l e r e c e i v i n g t h e 
ve ins o f the b o d y . 1 T h i s is r e m a r k a b l e f o r i t s l a r g e size, t h i n 
w a l l s , a n d h o l l o w , fimbriated processes, w h i c h o v e r l a p a n d a lmos t 

1 XXXIII. 
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conceal the v e n t r i c l e . T h e t w o precavals and the pos tcaval 
t e rmina te i n a sinus, w h i c h the p u l m o n a r y vena l t r u n k seems t o 
enter , b u t t o the i n n e r surface o f w h i c h i t adheres i n i t s course to 
i t s p roper au r i cu l a r chamber. T h e v e n t r i c l e is obtuse and some
t imes s u b - b i f i d at the apex : i t is connected to the p e r i c a r d i u m b y 
the usua l r e f l ec t ion o f the serous l a y e r u p o n the bu lbus-a r te r iosus , 
and also b y a f o l d ref lec ted f r o m the apex u p o n the co rona ry v e i n , 
w h i c h is thence con t inued t o t h e venous sinus. T h e muscu la r 
parietes o f the v e n t r i c l e are about a l i n e i n th ickness , and loosely 
fasciculate . T h e c a v i t y is p a r t i a l l y d i v i d e d b y an incomple te 
sep tum, t e r m i n a t i n g b y a concave borde r opposite t h e o r i f i ce o f 
the a r t e ry , on each side o f w h i c h are the valves c los ing the t w o 
au r i cu lo -ven t r i cu l a r or if ices. T h e aorta , n a r r o w , a n d w i t h t h i n 
wa l l s a t i t s commencement , a f t e r a shor t subspi ra l course, t h i ckens 
i n t o an e longa te ' bu lbus arteriosus, ' w h i c h inc ludes a l o n g i t u d i n a l 
v a l v u l a r prominence , g rooved at i t s f o r e - p a r t i n correspondence 
w i t h the o r ig ins o f the b r anch i a l arteries. T h e r e is a p a i r o f 
valves a t the o r i g i n o f the aorta , and a second pa i r near t h e 
b e g i n n i n g o f the b u l b . T h e d i s t i n c t i o n o f the p u l m o n a r y f r o m 
the systemic aur ic le , first observed i n S i r en , has been since deter
m i n e d i n Menobranchus1, Axolotes2, Amphiuma, and Menopoma? 
I n Proteus, i n w h i c h some o f the b lood o f t h e p u n y l u n g s is c o n 
v e y e d to systemic veins , t he a u r i c u l a r s ep tum is n o t comple te , 
according to H y r t l . 4 I n Amphiuma t h e au r i c l e is smal ler and 
less fimbriated t h a n i n Siren. T h e v e n t r i c l e is s i m i l a r l y connected 
to the p e r i c a r d i u m b y the apex, as w e l l as b y t h e a r t e r y . T h i s 
f o r m s a h a l f sp i ra l t u r n at i t s o r i g i n , and di lates i n t o a broader 
and shorter b u l b t h a n i n Siren. 

I n Menopoma the auricles are s t i l l more reduced i n size, and l i e , 
as i n Salamandra, fig. 333 , a, w h e n undis tended , t o t h e l e f t o f t h e 
v e n t r i c l e : t he i r outer surface, as i n Menobranchus, is en t i re . T h e 
ven t r i c l e is o f a flattened t r i a n g u l a r f o r m : i t s c a v i t y is occupied 
b y the loose fasciculate muscu la r s t r uc tu r e t h r o u g h w h i c h t h e 
b lood filters, as t h r o u g h a sponge, f r o m the smal l con t iguous 
au r i cu la r apertures, each o f w h i c h has a s imple v a l v e , t o t h e 
' o s t ium ar ter iosum. ' T h e a r t e r y inc l ines , w i t h a s l i g h t t w i s t , t o 
the l e f t , and swells i n t o a subspherical b u l b . T h e va lves are 
conf ined to the n a r r o w e r pa r t , and are i n t w o t ransverse r o w s , 
f o u r i n each r o w , each va lve o f a conica l shape, p o i n t i n g f o r w a r d . 5 

T h e first r o w is j u s t above the o s t i u m : t h e second is h a l f w a y 
be tween th i s and the b u l b . 

1 ccxxxvm. p. 73. 2 CCLXXIX. p. 45. • C C L X I X p . 2 1 5 < 

4 CCLXXX. p. 258. 5 xx. i i . p. 45, pi. xxi i i . fig. 2. 
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Heart, vascular arches, and hyo-hranchlal 
apparatus, Salamander 

T h e p u l m o n i c aur ic le augments i n size w i t h the more exc lus ive 
share t a k e n b y t h e l ungs i n r e s p i r a t i o n : b u t the au r i cu l a r p a r t 
o f t h e hear t shows h a r d l y any o u t w a r d s i g n o f i t s d i v i s i o n i n 
Ba t rach ians . I t is sma l l , smooth , and 
s i tua ted t o t h e l e f t and i n advance 
o f the v e n t r i c l e , i n N e w t s and Sala
manders , fig. 333 , a. I n F r o g s and 
Toads the au r i c l e is appl ied t o the base 
o f the v e n t r i c l e , and to the back and 
side o f the aor ta and i t s b u l b . T h e 
v e n t r i c l e , u s u a l l y o f a more r o u n d e d 
f o r m t h a n i n fig. 3 3 1 , H , is occupied 
b y the muscu la r f a s c i c u l i , except a t a 
sma l l p a r t be tween the a u r i c u l o - v e n -
t r i c u l a r and aor ta l or i f ices . T h e b u l b u s 
ar ter iosus is i n c o m p l e t e l y d i v i d e d b y 
opposite l o n g i t u d i n a l fo lds , the marg ins 
o f w h i c h meet , b u t r e m a i n f r ee . 

I n Serpents the hear t agrees w i t h 
o the r organs i n i t s elongate f o r m . T h e 
aur ic les are i n advance o f t he v e n t r i c l e , 
t h e i r l o w e r obtuse ends s l i g h t l y o v e r l a p p i n g i t s base: t h e y are sepa
r a t e d a n t e r i o r l y b y the co-elongate i n t r a p e r i c a r d i a l o r ig ins o f t h e 
ar ter ies ca l l ed (conus ar ter iosus, ' a n s w e r i n g t o the b u l b o u s p a r t i n 
Batrachia; a s l i g h t ( a u r i c u l a r ' p r o d u c t i o n o f the r i g h t aur ic le is 
t i e d d o w n t o the arteries b y the serous l a y e r o f the p e r i c a r d i u m . 

T h e r i g h t aur ic le consists o f a sinus and aur i c l e proper . T h e 
s inus receives th ree veins at i t s f o r e p a r t ; the o r i f i ce o f t h e r i g h t 
j u g u l a r and o f the i n f e r i o r azygos is g u a r d e d b y a pa i r o f v a l v e s : 
i n t h e or i f i ce o f the super ior azygos I f o u n d th ree semi lunar 
v a l v e s ; t w o veins open at t he back or h i n d p a r t o f t h e s inus, t h e 
la rges t b e i n g the pos tcaval , t h e smal ler one t h e l e f t p recava l . 
T h e aper tu re o f c o m m u n i c a t i o n w i t h the aur ic le is l o n g i t u d i n a l , 
near the m i d d l e o f the sinus, o f a f u l l e l l i p t i c a l shape, g u a r d e d b y 
a pa i r o f membranous va lves , s i tua ted w i t h i n t h e p rope r au r i c l e . 
T h e sinus has t h e s t r u c t u r e o f t h e l a rge ve ins , w i t h t h e serous 
l a y e r o f t h e p e r i c a r d i u m re f lec ted over i t . T h e aur i c l e has a 
finely fasc icu la te m u s c u l a r w a l l , t h i c k e s t a t i t s l o w e r a n d f o r e 
p a r t . T h e a u r i c u l o - v e n t r i c u l a r ape r tu re is a semi luna r s l i t , 
o p e n i n g i n t o t h e base o f t h e v e n t r i c l e , near t h e o r i g i n o f t h e 
p u l m o n a r y a r t e r y , a n d defended b y a shor t membranous v a l v e , 
h a v i n g one or t w o chordae tendineae a t tached t o i t s f r e e m a r g i n . 
T h e l e f t au r i c l e is shor ter t h a n t h e r i g h t , b u t o f equa l b r e a d t h 
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w h e n dis tended, and w i t h o u t a sinus. T h e p u l m o n a r y veins 
f o r m a c o m m o n t r u n k , abou t h a l f t he size o f the pos tcaval , 
w h i c h advances, i n contac t w i t h a n d t o the l e f t o f the post
cava l , t o open i n t o the h i n d end o f the l e f t au r ic le , w i t h o u t 
any v a l v u l a r s t ruc tu re . T h e a u r i c u l o - v e n t r i c u l a r o r i f i ce , shaped 
l i k e t h a t o f the r i g h t aur ic le , is close t o t h e t e r m i n a t i o n o f 
the p u l m o n a r y v e i n : i t is g u a r d e d b y a shor t v a l v e , a t the 
back o f the base o f the v e n t r i c l e , t o w h i c h chordae tendineae are 
at tached. 

T h e ven t r i c l e is conical , w i t h an obtuse apex. M o r e t h a n h a l f 
the c a v i t y , i n c l u d i n g the apical pa r t , is occupied b y a fascicula te 
decussating muscula r s t ruc tu re , f r o m w h i c h rises an incomple te 
septum, suppo r t i ng t h a t be tween the o r ig ins o f the p u l m o n a r y 
a r t e r y and l e f t aorta. T h e uppe r or fo r e p a r t o f the v e n t r i c u l a r 
c a v i t y is f o r m e d b y a flat sor t o f p l a t f o r m or roo f , s u p p o r t i n g t h e 
aur icu la r septum, and h a v i n g the c u r v e d a u r i c u l o - v e n t r i c u l a r s l i t s 
and valves on each side, w i t h the concavit ies opposite each o ther , 
g i v i n g the r o o f a c i r cu l a r shape. 

T h e incomple te sep tum divides the an te r io r or s te rna l ( p u l m o n i c ) 
c a v i t y , whence the p u l m o n a r y a r t e r y 
arises, f r o m t h a t a t t h e pos ter ior o r 
dorsal p a r t l e ad ing to the o r i f i c e o f 
the l e f t aorta, a n d r e c e i v i n g the b l o o d 
f r o m the au r i c l e s : t h i s v e n t r i c u l a r 
c a v i t y does n o t e x t e n d so near t o the 
apex as t h e p u l m o n i c c a v i t y does. 
T h e p a r t o f the v e n t r i c l e whence the 
r i g h t aor ta rises is a s t i l l smal le r 
space. A pa i r o f semi luna r va lves 
guards the o r i g i n o f each a r t e r y . 

T h e hea r t i n Lacertilia essent ia l ly 
resembles t h a t i n Ophidia, b u t is 
shorter i n p r o p o r t i o n to i t s b r ead th . 
T h e r i g h t au r i c l e , fig. 3 3 4 , h', is 
d i v i d e d b y a b i v a l v e d o r i f i c e f r o m t h e 

s inus ; the l e f t au r ic le , i b . h, has no s inus : i t is smal ler t h a n t h e 
r i g h t . E a c h au r i cu lo -ven t r i cu l a r o r i f i ce or s l i t is gua rded b y a s ingle 
va lve . T h e p u l m o n i c c a v i t y o f t h e v e n t r i c l e , fig. 3 3 4 , H , p , is 
d i v i d e d f r o m the aor t ic c a v i t y , H ' , b y a p a r t i a l sep tum, i nd i ca t ed 
b y the do t ted ou t l i ne . T h e c a v i t y H ' receives, as i n Ophidia, t he 
b lood f r o m the auricles , and gives o f f the l e f t aor ta , A , t h e r i g h t 
aorta , A ' , r i s i n g f r o m i t s back par t . 

I n Chelonia the hear t , f o l l o w i n g , as i n Ophidia, t he genera l 
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shape o f the b o d y , shows i t s greatest b read th , figs. 304 , A , 335 . 
T h e t w o aur ic les , w h e n dis tended, are o f n e a r l y equa l size, and 
o f a subquadra te f o r m , fig. 336 , M , O. T h e b i v a l v e d or i f i ce 
be tween the sinus and the au r i c l e , i b . 
v, o, is a t ransverse s l i t . T h e w h i t e 
a r r o w , o, shows t h e course o f the b lood 
f r o m the r i g h t au r i c l e , past t h e va lve 
suppor ted b y the base o f the a u r i c u 
la r sep tum, i n t o the aor t ic c a v i t y o f 
the ven t r i c l e . I n fig. 337 a b r i s t l e 
passes t h r o u g h the o r i f i ce l e f t b y the 
incomple te sep tum b e t w e e n the aor t ic 
and pu lmon ic cavit ies i n t o the l a t t e r , 
w h i c h is the largest i n Emys, as i n 
Ophidia and Lacertilia: t he b i v a l v e d 
or i f ice o f the p u l m o n a r y a r t e r y , P, is 
shown. I n fig. 338 t h a t o f t he l e f t aor ta , 
A , is s i m i l a r l y exposed, and t h e i n 
complete septum is cu t t h r o u g h : the 
roo t o f the r i g h t aor ta , A ' , is b e h i n d 
t h a t o f the l e f t . T h e r e l a t i ve pos i t i on 
o f the or ig ins o f the th ree ar ter ies f r o m t h e che lon ian v e n t r i c l e 
is shown i n fig. 336 , whe re P is t h e p u l m o n a r y , A t h e l e f t aor ta , 
A ' the r i g h t aorta, t he most pos ter ior , or dorsa l , o f t h e th ree 
arteries. T h e v e n t r i c l e is a lmost w h o l l y occupied b y a spongy 
muscula r s t ruc tu re , and t h e cavi t ies 
are smaller i n Testudo t h a n i n Emys. 
T h e l e f t aur ic le , fig. 3 3 6 , M , receives 
the a r t e r i a l b lood f r o m t h e l u n g s b y 
a s ingle v e i n , the c o m m o n t r u n k o f t h e 
p u l m o n a r y ve ins , i b . I, I: i t opens i n t o 
the back p a r t o f t h e au r i c l e near t h e 
sep tum, and is g u a r d e d b y a s ingle 
ob l ique membranous f o l d , i b . M . E a c h 
a u r i c u l o - v e n t r i c u l a r o r i f i c e is g u a r d e d 
b y a f o l d w h i c h extends across i t f r o m 
e i ther side o f t h e base o f t h e i n t e r -
a u r i c u l a r s e p t u m ; t o t h a t o f the l e f t 
au r i c l e a sma l l p a r t o f the muscu la r 
s t r u c t u r e is a t tached b y chordae tendineae. Oppos i te t o t h e r i g h t 
v a l v e a semi luna r r i d g e pro jec ts , i n Testudo indica, w h i c h is t h e 
r u d i m e n t o f t h e second a u r i c u l o - v e n t r i c u l a r va lve i n t h e C r o 
cod i le , and o f t h e fleshy va lve o f t h a t o r i f i c e i n the r i g h t v e n t r i c l e 

Structure of auricles: heart of Clielys 
flmbriata 



510 ANATOMY OF VERTEBRATES. 

o f B i r d s . 1 T h e apex o f the v e n t r i c l e is a t tached b y a shor t f o l d 
o f the serous membrane t o the p e r i c a r d i u m , fig. 336 , t. 

337 338 

I n a l l the f o r e g o i n g modi f ica t ions o f the r e p t i l i a n hea r t t he 
venous b lood f r o m the genera l sys tem and the a r te r ia l i sed b l o o d 
f r o m the lungs are t r a n s m i t t e d b y d i s t i n c t au r i cu l a r reservoirs 

i n t o the v e n t r i c l e , w h e r e , 
t h r o u g h the spongy character 
o f the receptacle , and t h e f r e e 
i n t e r c o m m u n i c a t i o n be tween 
the basal spaces i n t o w h i c h 
the auricles open and f r o m 
w h i c h the arteries proceed, the 
b lood is t r a n s m i t t e d , i n a more 
or less m i x e d state, t o the 
l ungs and to the genera l sys
t e m . 

I n the C r o c o d i l i a n order a 
m a r k e d advance is made i n t h e 
s t r uc tu r e o f t h e hear t . T h e 
b lood f r o m the genera l sys tem 
is p o u r e d b y t h e veins i n t o a 
sinus, fig. 3 3 9 , s, whence i t 
passes i n t o a r i g h t au r i c l e , i b . 
o , b y the usua l b i v a l v e d aper
t u r e . T h e aur i c l e has a more 
d i s t i n c t ' append ix , ' a n d i t s m u s 
cu la r w a l l s are t h i c k e r t h a n i n 
l o w e r rep t i l es . T h e a u r i c u l o -
v e n t r i c u l a r o r i f i ce is defended 

1 xx. voL i i . p. 48, prep. no. 920. 
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n o t o n l y b y the o r d i n a r y va lve o n i t s l e f t side, w h i c h is a t tached 
to the base o f the au r i cu l a r sep tum, b u t b y a s imi la r t h o u g h 
smaller f o l d o n t h e opposite or r i g h t s ide : th i s f o l d becomes t h e 
fleshy a u r i c u l o - v e n t r i c u l a r va lve i n b i rds . T o the j u n c t i o n o f t h e 
t w o valves a t t h e i r l o w e r angle a fleshy c o l u m n is at tached. T h e 
v e n t r i c u l a r c a v i t y , i b . R, w h i c h receives the venous b l o o d , propels 
i t to the l e f t aorta , A , and to the p u l m o n a r y a r t e r y , P : the o r i g i n 
o f each is gua rded b y a pa i r o f semi lunar valves. I m m e d i a t e l y 
above the l a rge r o f those o f the l e f t aorta is an o r i f i ce l e ad ing 
i n t o the r i g h t aor ta m 
the l e f t aorta t h r o u g h t h i s 
or i f ice i n t o t h e r i g h t a x i l 
l a r y b ranch , a, o f t h e r i g h t 
or brachio-cephal ic aorta . 
I n the figure, t he va lve is 
d r a w n d o w n t o show t h e 
o r i f i c e ; i n i t s n a t u r a l state, 
i t conceals and w o u l d cover 
the or i f i ce as the b lood 
flowed f r o m the v e n t r i c l e 
i n t o the l e f t aorta. Some 
openings lead f r o m the p u l 
m o n i c c a v i t y o f the v e n t r i 
cle i n t o a spongy s t ruc tu re , 
w h i c h has been de f ined as 
a p a r t i c u l a r c a v i t y {spatium 
interventriculare) o f the 
v e n t r i c l e ; b u t i t is essenti
a l l y a p a r t o f the p u l m o n i c 
chamber : br is t les are passed 
t h r o u g h the or i f ices or i n 
t e rco lumnar spaces, l e a d i n g 
f r o m R to th i s s t r u c t u r e , i n 
fig. 339 . T h e l e f t au r i c l e , 

fig. 3 4 0 , M , w h e n d is tended, is smal ler t h a n t h e r i g h t , and o f a more 
t ransverse f o r m : i t s muscu l a r p a r t is p r o d u c e d i n t o an appendage, 
w h i c h a lmos t meets t h a t o f the r i g h t au r i c l e i n f r o n t o f t h e c conus 
ar ter iosus , ' e m b r a c i n g the < sulcus coronal is ' o f t h e hear t . T h e r e 
is a s m a l l p u l m o n a r y sinus r e c e i v i n g t h e shor t t r u n k s o f t h e 
p u l m o n a r y ve ins , fig. 340 , I, I, T h e l e f t a u r i c u l o - v e n t r i c u l a r 
ape r tu r e is de fended b y a b road membranous f o l d c o n t i n u e d i n t o 
t h e v e n t r i c l e f r o m the m i d d l e o f t h e base o f t h e i n t e r a u r i c u l a r 
s e p t u m : t o i t s m a r g i n are a t tached a f e w chorda? tendinea?: t h e 
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c a v i t y i n t o w h i c h i t opens, fig. 340 , L , is d i s t i nc t f r o m the 
p u l m o n i c c a v i t y , t he s ep tum b e i n g comple t e : i t s wa l l s are smooth , 
or less b r o k e n b y £ columnar carneae' t h a n i n o ther R e p t i l e s ; a n d 
t h e f r e e w a l l s o f t h i s v e n t r i c l e are more compac t ly muscular . T h e 
v e n t r i c l e is p roduced i n a subcorneal f o r m , f r o m i t s base t o the 
o r i g i n o f the r i g h t or brachiocephal ic a o r t a : t h e a u r i c u l o - v e n t r i 
cu la r va lve is s l i t , i n fig. 340 , t o show the course o f the ven t r i c l e 
t o the o r i g i n o f t h a t a o r t a : t h i s has a pa i r o f semilunar valves, 
above w h i c h is t h e i n t e r c o m m u n i c a t i n g o r i f i ce w i t h the l e f t 
aorta. 

T h u s the hear t , i n Crocodilia, consists o f t w o auricles and t w o 
ven t r i c les , co r responding t o the c r i g h t ' and e l e f t ' aur ic les and 
ven t r i c les o f M a m m a l s . B u t , t h r o u g h the o r i g i n o f an aorta f r o m 
t h e r i g h t as w e l l as f r o m the l e f t v e n t r i c l e , and t h e i r i n t e r c o m 
m u n i c a t i o n , i t f o l l o w s t h a t whenever , f r o m an impeded state o f the 
p u l m o n a r y c i r c u l a t i o n , the r i g h t v e n t r i c l e and i t s ar ter ies become 
over-dis tended, the venous b lood flows t h r o u g h t h e i n t e r - ao r t i c 
o r i f i ce i n t o the a r t e r i a l t r u n k , w h i c h , a f t e r s u p p l y i n g the head 
a n d f q r e - l i m b s , bends, a t A ' , over t h e r i g h t b ronchus a n d effects 
an u n i o n at A", fig. 339 , w i t h the l e f t aorta , A , h. Such a state o f 
t h e c i r c u l a t i o n coincides w i t h and fac i l i t a tes the l o n g submersion 
o f the Crocod i l e . W h e n the a n i m a l is on l a n d and b r e a t h i n g the 
a i r d i r e c t l y , the a r te r ia l i zed b lood flows f r e e l y i n t o t h e v e n t r i c l e , fig. 
340 , L , and the synchronous cu r ren t s f r o m th i s a n d the opposite 
v e n t r i c l e t h r o w f o r w a r d the valves a t the respect ive o r ig ins o f the 
t w o aorta? and close the i n t e r a o r t a l o r i f i ce . T h e a r t e r i a l and venous 
streams f l o w on u n m i x e d ; the f o r m e r to t h e b r a i n and o ther par ts 
o f the head and fo r e - l imbs ; the l a t t e r , b y the b r a n c h , h, fig. 339 , 
ch i e f ly to the l i v e r and cont iguous viscera ; a sma l l p a r t m i x i n g 
w i t h the a r t e r i a l b lood i n A ' , t o be t r a n s m i t t e d b y A" t o t h e o ther 
abdomina l viscera, h i n d l i m b s , and t a i l . T o c o n v e r t the hea r t o f 
the Crocodi le i n t o t h a t o f the b i r d , i t needs o n l y t o ob l i t e ra te t h e 
l e f t ao r t a ; fig. 339 , R, t o appropr ia te the r i g h t or p u l m o n i c v e n 
t r i c l e , e x c l u s i v e l y to the service o f the p u l m o n a r y a r t e r y ; a n d t h e 
' l e f t ' or sys temic v e n t r i c l e t o the service o f the aorta , w h i c h i n 
Hcematotherma is the exc lus ive d i s t r i b u t o r o f a r t e r i a l b lood , i n an 
u n m i x e d state, t o the genera l sys tem. 

§ 90. Gills of Batrachia. — T h e b l o o d is conveyed i n a l l R e p t i l e s 
f r o m the v e n t r i c u l a r p a r t o f the hear t , r e a l l y or a p p a r e n t l y b y a 
s ingle t r u n k , w h i c h , i n the one case, is ca l l ed the c b u l b u s a r t e 
riosus, ' i n the o ther the 1 conus arter iosus. ' T h e i n t e r i o r develope
ments b y w h i c h the 6 bu lbus ' is conve r t ed i n t o t h e e conus, ' are 
i n t e r e s t i n g l y g rada t iona l , and the i n s u l a t i o n o f the p u l m o n a r y 
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a r t e r y to i t s v e n t r i c u l a r o r i g i n is n o t effected u n t i l t he ba t r ach ian 
t y p e is passed. 

I n the l o w e r or perennibranchia te members o f the order , t he 
s ingle a r t e r y f r o m the ven t r i c l e sends, as i n Fishes , the w h o l e o f 
the b lood p r i m a r i l y t o b ranch ia l organs, t h r o u g h o u t l i f e , and , i n 
a l l Batrachia, at the earl ier aquat ic pe r iod o f ex i s t ence ; a 
desc r ip t ion o f the g i l l s , pe rmanen t or deciduous, w i l l , t he re fo re , 
be premised . A t page 87 are described and figured, fig. 69 , the 
h y o - b r a n c h i a l a rch and appendages o f the l a r v a o f the F r o g . 
T h e bas ihya l , b, suspended b y cera
tohya l s , a, t o the t y m p a n i c pedic le , 
e, supports a pa i r o f cera to-branchia ls , 
c, w h i c h each send o f f f o u r b r a n c h i a l 
arches. A l l these par ts are car t i lage . 
T h e hear t d i s t r ibu tes the b lood b y a 
shor t t r u n k t h r o u g h f o u r pairs o f vas
cu la r arches, w h i c h , b e n d i n g r o u n d 
the g u l l e t , r e u n i t e b e h i n d to f o r m the 
aorta . B e f o r e the l a r v a qu i t s the egg, 
a t e g u m e n t a r y tube rc l e buds o u t i n 
f r o n t o f the b r a n c h i a l c l e f t , and soon 
shoots i n t o a t r i f i d appendage, fig. 3 4 1 , 
A and B , each process l e n g t h e n i n g and b i f u r c a t i n g a f t e r t h e l a r v a 
is ex t r i ca ted . These filaments, o f c y l i n d r i c a l shape, i b . c , each 
suppor t a s ingle cap i l l a ry 
loop , pushed o u t f r o m the 
p r i m i t i v e vascular a rch , and 
are covered b y c i l i a t ed e p i 
t h e l i u m , p r o d u c i n g the c u r 
ren ts ind ica ted b y the a r rows 
i n C. T h e b ranch i a l c a v i t y 
communicates at first, as i n 
Branchiostoma, w i t h t h e 
abdomina l one, as w e l l as 
w i t h the ou te r surface b y 
the b r a n c h i a l c le f t s . A b o u t 
the f o u r t h day these s imple 
ou te r g i l l s b e o i n to s h r i n k • 

& to 5 (Triton) magn. CCLXVIII. 
t h e y are absorbed b y t h e 
seven th day . T h e ca r t i l ag inous arches, also b e g i n n i n g to s h r i n k , 
become m o r e i n t e r n a l b y the progress ive g r o w t h o f the head. 

I n t h e N e w t ( Triton, fig. 3 4 2 ) , t h r ee pai rs o f e x t e r n a l g i l l s are 
deve loped , a t first as s imple filaments, each w i t h i t s c a p i l l a r y 

V O L . I . L L 
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loop , b u t speedily expand ing , l e n g t h e n i n g and b r a n c h i n g i n t o 
l a t e ra l processes w i t h cor responding looplets ; these blood-channels 
i n t e r c o m m u n i c a t i n g b y a c a p i l l a r y n e t w o r k , as at cl, fig. 343 . T h e 

g i l l is covered b y c i l i a t e d 

One of the gills of the Newt, magn. CCLXVIII. 

scales, i b . e, w h i c h change 
i n t o nonc i l i a t ed ep i the 
l i u m , f , s h o r t l y before the 
g i l l s are absorbed. 

T h e size o f the g i l l s is as 
the p r o x i m i t y o f t h e i r deve
l o p i n g vascular a rch to the 
p r o p e l l i n g o rgan o f t h e 
b lood . I n t h e Proteus 
anguinus th ree pai rs o n l y 

o f b ranch ia l and vascular arches are developed, co r respond ing 
w i t h the n u m b e r o f ex te rna l g i l l s . I n Siren lacertina, as i n 
caducibrancbiate Bat rachians , there are f o u r pai rs o f b r a n c h i a l 
arches ; the first and f o u r t h b e i n g fixed, t he second and t h i r d f r e e : 

t h e i r cont iguous borders o n the 
concave side are p r o v i d e d w i t h 
sma l l i n t e r l o c k i n g processes. T h e 

JV \ i v \ S 1 U S a r e i n t h ree pa i r s , inc reas ing 
/ f d ^ A ^ \ J ( h ' i n size, accord ing to t h e above-

stated d y n a m i c c o n d i t i o n , f r o m 
the first t o the t h i r d , w h i c h is 
a t tached to b o t h the t h i r d and 
f o u r t h a rches : the u p p e r o r ou te r 
surface is en t i re and covered b y 
o r d i n a r y i n t e g u m e n t ; t h e unde r 
or i n n e r surface is p r o d u c e d i n t o 
p i n n a t i f i d f r i n g e s , s u p p o r t i n g the 
c a p i l l a r y b r a n c h i a l vessels and 
covered b y t h i n e p i t h e l i u m . E a c h 
g i l l is a t tached b y i t s base a n 
t e r i o r t o a n d above the g i l l - s l i t , 
w h i c h i t overhangs. I n the Axolotl, 
fig. 344 , the f r i n g e s o f t h e g i l l s are 
longe r and more slender. I n the 
Menobranchus t h e y resemble those 
o f t he T r i t o n . I n the Siren, Pro
teus, and Menobranchus t h e ou te r 
g i l l s are pers is tent , and , perhaps, 

Circulating and respiratory organs, Axolotl, 1 • A 1 T 
Axoiotes mexicanus. CCLXVU. also m A x o l o t e s . I n each o f these 
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*" pe r enn ib ranch i a t e ' Ba t rachians , arteries are developed f r o m the 
last pa i r o f b ranch ia l vascular arches, as at P, f i g . 344 , t o convey 
b lood to the l ungs . 

I n Menopoma and Amphiuma t he g i l l - o p e n i n g persists on each 
s ide ; b u t o f the o r i g i n a l f o u r pairs o f vascular arches o n l y the 
second and t h i r d accompany remains o f b r anch i a l arches, c i r c u m 
scribe the g u l l e t , and r e u n i t e b e h i n d to f o r m the b e g i n n i n g o f 
the aor t ic t r u n k . T h e e x t e n t o f the oss i f icat ion o f t h e h y o -
b ranch ia l f r a m e w o r k i n some measure corresponds w i t h the degree 
i n w h i c h the b ranch ia l organs o f r e sp i r a t i on are re ta ined . I n 
Proteus the ceratohyals, u r o h y a l , t w o pairs o f basibranchials , and 
three pairs o f ceratobranchials become b o n y . I n the Siren t he 
ceratohyals , u r o h y a l , one pa i r o f basibranchials , and t w o pairs o f 
ceratobranchials are b o n y . T h e M e n o p o m e and C r y p t o b r a n c h u s 
agree w i t h the N e w t s and Salamanders ( f i g . 3 3 3 ) , i n h a v i n g the 
bas ihya l , w, t he ceratohyals , x, x, a n d t w o pairs o f cera to
branchia ls , y and z; b u t the l a t t e r pa i r is p r o p o r t i o n a l l y longe r 
and shows t w o elements o f the arch , on each side, ossified. I n 
the A n o u r o u s Bat rach ians the b r anch i a l arches are reduced t o t h e 
basal por t ions o f a s ingle pa i r o f ceratobranchials ( p . 9 1 , fig. 7 4 ) , 
w h i c h persist , i n most h i g h e r Ve r t eb ra t e s , as the e pos te r ior 
c o r n u a ' o f the e h y o i d bone. ' 

T h e par ts o f the b r anch i a l f r a m e w o r k i n immedia te r e l a t i o n 
w i t h the suppor t o f the deciduous g i l l s never pass b e y o n d the 
ca r t i l ag inous stage ; and a h i s to log ica l test is t hus a f fo rded o f the 
t e m p o r a r y or pe rmanen t character o f the branchiae i n a B a t r a c h i a n 
p resen t ing t h e m . T h e deciduous g i l l s o f fe r m a n y mod i f i ca t ions 
i n the larvae o f the caducibranchia te species. I n a t r o p i c a l S o u t h 
A m e r i c a n F r o g ( Opisthodelphys oviferd), e. g . , t he e x t e r n a l g i l l s 
are f o r m e d before the l a r v a is e x c l u d e d , and expand i n t o a b r o a d 
membranous disc at t h e i r e x t r e m i t y . 

B u t wha teve r the f o r m or s t r u c t u r e o f the e x t e r n a l g i l l s , t h e y 
are fitted o n l y to t h e i r of f ice as s u c h : t h a t b e i n g d ischarged , t h e y 
t u r n t o no o ther use, b u t lose t h e i r c i l i a t e d a n d vascular s t r u c t u r e , 
and disappear. T h e T a d p o l e , m e a n w h i l e , b e i n g sub jec t t o a 
series o f changes i n eve ry sys tem o f organs concerned i n the d a i l y 
needs o f the c o m i n g aer ia l and t e r r e s t r i a l exis tence, s t i l l passes 
more or less t i m e i n w a t e r , a n d supplements the ea r l y a t t emp t s 
a t p u l m o n a r y r e s p i r a t i o n b y p u l l u l a t i n g loops and loople ts o f c a p i l 
lar ies , fig. 345 , a, f r o m t h e b r a n c h i a l vessel, b, e, s uppo r t ed b y t h e 
ca r t i l ag inous a r c h , c, a n d coated b y del icate n o n - c i l i a t e d ep i t he 
l i u m : t he t e r m i n a l processes o f these e i n t e r n a l g i l l s ' s u p p o r t a 
s ing le c a p i l l a r y loop , d. T h e y resemble t h e c o m m e n c i n g g i l l s o f 

L T, 2 
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Teleostomous Fishes , especial ly o f the L o p h o b r a n c h s ; and the 
analogy to the piscine r e sp i r a to ry s t r u c t u r e s is enhanced b y the 
g r o w t h o f an opercular f o l d o f m e m b r a n e , p r o t e c t i n g the b r a n c h i a l 

chamber ; b u t t h i s , b y p r o 
gressive adhesion o f i t s 
pos ter ior bo rde r t o the cer
v i c a l i n t e g u m e n t , reduces 
the l a t e r a l fissures t o one 
i n f e r i o r f o r a m e n . I n the 
N e w t s , t he side-slits are 
longe r r e t a ined . T h e 
y o u n g o f Ccecilia show a 
b r a n c h i a l pore o n each 
side, w i t h traces o f b r a n 
ch ia l f r i n g e s . T h e e m b r y o 
Salamander shows ex te r 
n a l g i l l s w h i l e i n the 
w o m b ; a n d , w h e n these 
disappear, the b r a n c h i a l 
arches adhere to the oper
cu la r f o l d o f s k i n , the 
e x t e r n a l o u t l e t b e i n g an 
i n f e r i o r t ransverse s l i t . 

I n N e w t s , Salamanders, Caeciliae, and A n o u r a n s , t h e b r a n c h i a l 
or i f ices become ob l i t e ra t ed a f t e r the absorp t ion o f the i n t e r n a l 
g i l l s . T h e g igan t i c N e w t o f J a p a n (Cryptobranchus) e q u a l l y 
d i f fe r s f r o m Menopoma and Amphiuma i n the closure o f those 
or i f ices . T h e i r r e t e n t i o n i n these la rge A m e r i c a n N e w t s , w i t h 
the superadded persis tency o f the branchiae themselves i n Meno
branchus, Siren, and Proteus, are amongst the mos t s i gn i f i can t 
evidences o f the man i f e s t a t i on o f gener ic characters t h r o u g h 
arrested stages o f one genera l course o f t r a n s m u t a t i o n a l 
developement . 

§ 9 1 . Arteries of Reptiles.—In t h e A x o l o t l , fig. 3 4 4 , t h e th ree 
an ter ior pairs o f vascular arches rise d i s t i n c t l y f r o m t h e < b u l b u s , ' 
A ; the f o u r t h pa i r b l e n d t h e i r o r ig in s w i t h "those o f t h e t h i r d ' : 
the three an te r io r pairs are, f u n c t i o n a l l y , b r a n c h i a l a r ter ies , i b . B , 
course a long the cor responding b r a n c h i a l arches t o t h e sides o f 
the neck , and t h e n q u i t t h e m t o enter the base o f t h e pendent 
g i l l , r u n n i n g a long the a n t e r o i n f e r i o r border : t h e y the re send o f f 
a double series o f branches, w h i c h penet ra te a n d r a m i f y i n the 
b r anch i a l f r i n g e s , and cons t i tu t e at t h e i r e n d a n d m a r g i n a c a p i l 
l a r y n e t - w o r k , l i k e t h a t i n fig. 343 . F r o m t h i s the r e t u r n i n g 
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channels converge t o f o r m the ' b r a n c h i a l veins , ' i b . b, w h i c h 
re-enter the neck , course a long the dorsal wa l l s o f the p h a r y n x , 
and u n i t e t o f o r m the r i g h t and l e f t aortae, or roots o f the c o m m o n 
median a r t e r i a l t r u n k , i b . A. F r o m the first or fo remos t b r a n c h i a l 
v e i n is g i v e n o f f the ca ro t i d or cephalic a r t e r y , a* T h e f o u r t h 
pa i r o f vascular arches pass o u t w a r d and b a c k w a r d , and each 
d iv ides , t he l a rge r p o r t i o n , p , g o i n g to the l u n g s , the smal ler 
d i v i s i o n p u r s u i n g i t s course to the back o f the oesophagus, w h e r e i t 
uni tes w i t h the t h i r d ' b r anch ia l ve in , ' and adds a sma l l p r o p o r t i o n 
o f unresp i red b lood to the contents o f the aorta. 

I n the Proteus the bu lbus arteriosus d iv ides i n t o a p a i r o f 
vessels, each o f w h i c h , as i t d iverges , aga in d ivides ; t h e an te r io r 
d i v i s i o n supplies the an te r ior g i l l : t he poster ior d i v i s i o n b i f u r c a t e s , 
t o s u p p l y the second and t h i r d g i l l s . B u t , before d i s t r i b u t i n g 
the b ranch ia l capi l lar ies , each a r t e r y communica tes b y a d i r e c t 
anastomosing channe l w i t h t h e b r a n c h i a l v e i n ; i n o ther w o r d s , 
o n l y a p o r t i o n o f each p r i m a r y vascular a rch is app rop r i a t ed t o 
the g i l l s , and a ce r t a in p r o p o r t i o n o f t h e b l o o d goes f r o m the 
hea r t t o the aor t ic t r u n k w i t h o u t b e i n g s u b m i t t e d to the resp i ra 
t o r y process. T h e smal l a r t e r y t o the slender s imple p u l m o n a r y 
sac is sent o f f f r o m the h indmos t b r a n c h i a l v e i n . T h e cephal ic 
ar ter ies arise f r o m the fo remos t b r a n c h i a l ve ins , and consequen t ly 
s u p p l y the b r a i n w i t h p u r e r a r t e r i a l b lood t h a n t h a t Avhich goes 
t o the body . 

T h e changes i n the vascular arches, consequent o n absorp t ion 
o f the g i l l s , are c h i e f l y due to the en la rgement o f anastomosing 
channels, be tween the i n f e r e n t a n d e f fe ren t b r a n c h i a l t r u n k s , l i k e 
those i n Proteus. T h e course o f these changes reduces t h e 
a r t e r i a l sys tem i n Menopoma t o the c o n d i t i o n o f w h i c h H u n t e r 
l e f t t he i l l u s t r a t ions pub l i shed i n x x . v o l . i i . T h e b u l b u s is 
shor tened, and the o r ig in s o f the p r i m a r y vascular arches 
app rox ima ted : those o f the t h i r d and f o u r t h are b lended toge the r . 
T h e fo remos t a rch is smal le r t h a n the second o r t h i r d : i t sends o f f 
an a r t e r y t o the i n t e r m a n d i b u l a r space, a second to t h e side o f t h e 
head, a t h i r d t o the p h a r y n x , b e y o n d w h i c h i t bends a b r u p t l y 
back, t o enter t h e a o r t a l roo t . T h e second a n d t h i r d vascu la r 
arches are o f equa l size, w i n d r o u n d t h e w i d e p h a r y n x , a n t e r i o r 
t o the b r a n c h i a l o p e n i n g , and u n i t e o n r e a c h i n g i t s back p a r t t o 
f o r m the ao r t a l r o o t : t h i s sends f o r w a r d a s m a l l a r t e r y t o t h e side 
o f t he m o u t h , and , a l i t t l e f u r t h e r o n , t h e m a i n c a r o t i d a r t e r y , 
b e y o n d w h i c h t h e roots converge b a c k w a r d , a n d u n i t e t o f o r m 
the aor t ic t r u n k . T h e h i n d m o s t vascu la r a r c h is t h e smal les t , 
and courses r o u n d t h e oesophagus, b e l o w or b e h i n d the b r a n c h i a l 
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open ing , b e h i n d w h i c h i t sends o f f the p u l m o n a r y a r t e r y , a n d 
r e tu rn s , at an acute angle , to j o i n the t h i r d vascular a r ch near i t s 
t e r m i n a t i o n i n the aor t ic r o o t ; or , the p u l m o n a r y a r t e r y m a y be 
said to be f o r m e d b y a smal l b r anch f r o m the t h i r d a rch , i n c o n 
j u n c t i o n w i t h the f o u r t h arch. T h e b ranch i a l arteries are sent o f f 
f r o m the aor t ic t r u n k , about an i n c h b e y o n d i t s o r i g i n . 

I n t he N e w t the smal l anastomosing vessel a t the base o f each 
g i l l , be tween the i n g o i n g and o u t c o m i n g t r u n k s , enlarges as t h e 
flow o f b lood is checked b y the s t u n t i n g o f the g i l l i n the course 
o f i t s ab so rp t i on ; so tha t , w h e n th i s is comple te , t h e b lood flows 
f r o m the ' b u l b u s ' r o u n d to the aorta i n a con t inuous unchecked 
s t ream, fig. 333 , as a t i t s first appearance. 

I n the F r o g th i s course o f change issues i n the f o l l o w i n g per
sistent d isposi t ion o f the p r i m i t i v e vascular a r c h e s : — T h e anter ior , 
o r i g i n a l l y the f o u r t h , pa i r , w h i c h have t h e i r o r ig ins b r o u g h t back 
so as to seem to rise f r o m the pa i r p r eced ing , are sometimes ca l led 
i t s ' c a ro t id b r anches : ' t h e y d ive rge o u t w a r d , as i n t h e i r p r i m i t i v e 
course, have a p a r t i a l en la rgement , and send o f f t h e ' l i n g u a l , ' 
p h a r y n g e a l , and en toca ro t id ar ter ies . T h e n e x t pa i r o f vascular 
arches, a n s w e r i n g t o the t h i r d o f the p r i m i t i v e pa i rs , sends o f f 
the l a r y n g e a l and b rach i a l ar ter ies , also a t r i b u t a r y to the sub
cutaneous ce rv i ca l , and are c o n t i n u e d b a c k w a r d and i n w a r d , 
s u p p l y i n g t h e oesophagus i n th i s course, t o f o r m b y t h e i r u n i o n 
t h e aor ta , A. T h e first pa i r , a n s w e r i n g t o the second a n d first 
o f the p r i m i t i v e pa i rs , send o f f the second r o o t o f the a r t e r y 
w h i c h ramif ies on the subcutaneous ce rv i ca l g l a n d , and the 
p u l m o n a r y a r t e r y ; t he dorsal p a r t o f the second p r i m i t i v e a rch 
n o w appears as the accessory r o o t o f the subcutaneous ce rv i ca l 
a r t e r y g i v e n o f f f r o m the aor t ic roo t , as above m e n t i o n e d . 

T h e b rach i a l a r t e r y sends o f f an e x t e r n a l t ho rac i c , d i s t r i b u t e d 
t o the muscles o f the f o r e - p a r t o f the abdomen, a subscapular 
b ranch , a c i r c u m f l e x a r t e r y , s u p p l y i n g the muscles o f t h e shoulder , 
and is t h e n c o n t i n u e d to the f o r e - a r m , w h e r e i t becomes ' r a d i a l , ' 
sends o f f a r e c u r r e n t b r a n c h , and d iv ides near the w r i s t i n t o a 
dorso-carpal and pa lmar b ranch , w h i c h t e rmina tes i n t h e d i g i t a l 
arteries and the i n t e r v e n i n g w e b o f capi l lar ies . 

T h e aor t ic t r u n k gives o f f the gastro-mesenter ic a r t e r y , d i v i d i n g 
i n t o - cceliac ' and mesenter ic b r anches ; t h e n the suprarena l a n d 
r ena l ar ter ies , t he l u m b a r , and the g e n i t a l a r ter ies ( spe rmat i c or 
ova r i an ) , and b i fu rca tes to f o r m the c o m m o n i l iacs . F r o m each 
o f these are sent o f f a vesico-epigastr ic a r t e r y c o n t i n u e d f r o m t h e 
a l lan to ic b ladder f o r w a r d u p o n the abdomina l w a l l s , t he e x t e r n a l 
a n d i n t e r n a l c i r c u m f l e x ar ter ies , and the f e m o r a l , w h i c h , o n r e a c h i n g 
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the l eg , d iv ides i n t o poster ior and an te r io r t i b i a l , t e r m i n a t i n g i n the 
d i g i t a l arteries and capi l lar ies o f the webs. 

I n O p h i d i a n , L a c e r t i a n , and Che lon ian Rep t i l e s the ' b u l b u s ' 
o f the e m b r y o hear t becomes d i v i d e d i n t o three d i s t i nc t tubes, 
w h i c h r ema in closely u n i t e d together b y t he i r ou ter fibrous t issue, 
and covered a n t e r i o r l y b y the re f lec ted serous l aye r o f the p e r i 
c a r d i u m . T h e e x t e n t o f th i s u n i o n , or l e n g t h o f the £ conus 
vasculosus, ' is greatest i n the Serpents. I n the P y t h o n i t m a y 
exceed t w o inches i n l e n g t h ; and, w h e n the serous and fibrous 
t un i c s are dissected away , the o r i g i n o f the p u l m o n a r y a r t e ry is 
seen to the l e f t , n e x t t o i t is the o r i g i n o f the l e f t aorta , and t o 
t h e r i g h t o f t h i s , about an i n c h above the ven t r i c l e , the t r u n k o f 
the r i g h t aorta appears, w h i c h , as i t d iverges f r o m the l e f t , sends 
o f f the s ingle ca ro t id a r t e ry . T h i s a r t e r y is the r e m n a n t o f the 
an te r io r o f three p r i m i t i v e vascular arches. T h e r i g h t aor t i c 
a rch and the l e f t aor t ic a rch , w h i c h u n i t e b e h i n d and b e y o n d t h e 
p e r i c a r d i u m to f o r m the abdomina l aorta, are the proceeds o f t h e 
m i d d l e p r i m i t i v e arches: the p u l m o n a r y a r t e r y is the issue o f t h e 
changes o f the poster ior or first pa i r o f vascular arches. 

I n the Lacertilia t he ex t en t o f m o d i f i c a t i o n is somewhat less. 
L o o k i n g on the s te rna l surface o f the hear t , the p u l m o n a r y t r u n k 
is the foremost , the l e f t aorta is the n e x t , t he r i g h t aor ta is t h e 
h indmos t . T h e l e f t and r i g h t aor t ic arches converge , and u n i t e o r 
i n t e r commun ica t e , b e h i n d and u s u a l l y be low or b e y o n d the hea r t , 
t o f o r m the abdomina l aorta. I n Lacerta ocellata, fig. 334 , P 
m a r k s the o r i g i n o f the p u l m o n a r y a r t e r y , w h i c h ascends a n d 
d i v i d e s : the l e f t b r a n c h , p , passing i n f r o n t o f the l e f t descending 
aor ta , w i t h w h i c h i t is connected b y a duc tus ar ter iosus, D , be fo re 
proceeding to the l e f t l u n g , p, fig. 3 3 2 ; the r i g h t p u l m o n a r y 
a r t e r y , fig. 334 , p ' , passes b e h i n d the (arterial cone, ' and i n f r o n t 
o f the r i g h t descending aor ta , A ' , w i t h w h i c h i t communica tes , 
o r is connected, b y a duc tus ar ter iosus before p roceed ing to t h e 
r i g h t l u n g . These ' duc tus a r t e r i o s i ' ex i s t i n the Python, are 
s h o w n i n the T o r t o i s e , fig. 335 , D , D , and i n the Crocod i l e , 
fig. 340 , D , D ' T h e t h i r d p r i m i t i v e a r t e r i a l t r u n k , ca l led e r i g h t 
aor ta , ' d iv ides i n t o t h e r i g h t a r ch ( b e l o w A ' i n fig. 3 3 4 ) , a n d 
i n t o the c o m m o n t r u n k o f the t w o cephalic or c a ro t i d ar ter ies , 
i b . a, a*, desc r ib ing the u p p e r a rches : the c o m m o n t r u n k o f 
t h e b r a c h i a l ar ter ies is u s u a l l y g i v e n o f f f r o m the r i g h t ao r t i c 
a r ch . I n Psammosaurus griseus t he c o m m o n t r u n k o f the c a r o t i d 
does n o t b i f u r c a t e u n t i l i t has ascended t h e neck as f a r as t h e 
o r i g i n o f t h e b r o n c h i a l t u b e s : and n o t u n t i l a f t e r the r i g h t aor ta 
has a rched over t h e r i g h t b ronchus does i t send of f , at an acute 
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anode, the c o m m o n t r u n k o f the r i g h t a n d l e f t brachia ls . T h e 
l e f t aor t ic a rch , i n Psammosaurus, sends o f f a gas t r ic a n d mesen
te r i c a r t e r y before i t j o in s the r i g h t aor t ic a r c h ; and t h i s is the 
case also i n the T o r t o i s e , fig. 3 3 5 , I , and Crocod i l e , fig. 339 , k, 
t he l e f t aor ta b e i n g t h e n so reduced i n size as t o resemble a 
: duc tus ar ter iosus. ' 

I n the Tor to i se the r i g h t aorta , soon a f t e r i t s o r i g i n , sends o f f 
a common t r u n k , w h i c h q u i c k l y subdivides i n t o the carot ids , 
fig. 335 , a*, a*, and brachials , i b . a, a; and the same is the case 
w i t h Emys, i n w h i c h the f o u r arteries are seen c u t shor t near t he i r 
o r i g i n s , be tween A ' and A , figs. 337 and 338 . 

I n the Crocod i l e the t w o 'arteriae innominatae, ' figs. 3 3 9 , 3 4 0 , b, b, 
are longer before t h e y d i v i d e i n t o the b r a c h i a l , a, and ca ro t id , a': 
b o t h innominatae arise b y a shor t c o m m o n t r u n k f r o m the r i g h t 
aor ta , w h i c h d iv ides , soon a f t e r i t s o r i g i n , i n t o t h a t t r u n k and the 
r i g h t aor t ic a rch , i b . A ' T h i s a r ch w i n d s over the r i g h t p u l 
m o n a r y a r t e r y , fig. 339 , P ' , w i t h w h i c h i t is connected b y a 
' ductus arteriosus ' ( t he a r ch is r e f l ec ted u p w a r d and the i d u c t u s ' 
D ' , severed f r o m t h e p u l m o n a r y a r t e r y , P ' , i n fig. 3 4 0 ) . T h e 
o r i g i n o f the r i g h t or brachi -cephal ic aor ta is h i d d e n b y t ha t 
o f the l e f t aorta , fig. 339 , A , w h i c h is an te r io r , or on the s ternal 
side o f i t . T h e l e f t aorta , as i t w i n d s over t h e l e f t p u l m o n a r y 
a r t e r y , is a t tached to i t b y a c duc tus ar ter iosus, ' t he r e m n a n t o f 
t h e channe l b y w h i c h the first vascular a r ch o r i g i n a l l y com
m u n i c a t e d w i t h the second, to a id i n f o r m i n g t h e aorta , before i t s 
c u r r e n t o f b lood was d i v e r t e d to the uses o f t h e we l l -deve loped 
l u n g , a f t e r exc lus ion . T h e c o n t i n u a t i o n o f t h e m a i n p a r t o f the 
l e f t aor ta i n t o the g rea t v i scera l a r t e r y , fig. 3 3 9 , h, reduces i t s 
o r i g i n a l u n i o n w i t h the r i g h t aor t ic a rch , A ' , A", t o a s m a l l anas
t o m o t i c channel . 

T h e f o l l o w i n g pa r t i cu la r s are no tab le w i t h r e g a r d to the dis
t r i b u t i o n o f a r t e r i a l b lood b y the r i g h t aor ta i n R e p t i l e s . T h e 
an te r io r vascular a rch , i n Ophidia, is conve r t ed i n t o a p a i r o f 
cephalic or ca ro t id arteries i n the y o u n g Snake, and th i s s t r uc tu r e 
is re ta ined i n the c o m m o n Snake (Coluber natrix); i n Python 
tigris I f o u n d the r i g h t c a r o t i d m u c h reduced i n s ize ; i n the 
V i p e r ( V. verus),^ and some o ther Serpents , t h e c e r v i c a l p a r t o f 
the r i g h t ca ro t id is o b l i t e r a t e d : b u t the cephal ic p o r t i o n remains , 
and receives b lood b y the anastomosis o f one o f i t s branches 
w i t h the l e f t c a r o t i d . 1 I n the V i p e r , and some o ther venomous 
Serpents, t h e i n t e r n a l m a x i l l a r y b r a n c h o f the c a r o t i d f o r m s a 
re te m i r a b i l e b e h i n d the po i son-g land . 2 T h e r i g h t ao r t i c a rch 

1 CCXXXXI. 2 CCLXXXII. p. 260. 
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soon a f te r i t has c u r v e d over the r i g h t p u l m o n a r y a r t e r y , sends o f f 
the t r u n k o f the v e r t e b r a l and an te r io r in te rcos ta l ar teries : i n i t s 
o r i g i n and pos i t i on , th i s t r u n k resembles the c o m m o n b r a c h i a l 
t r u n k i n L i z a r d s . 

T h e r e l a t i o n o f the o r i g i n o f the r i g h t aor ta t o the v e n t r i c u l a r 
compar tmen t , first r e c e i v i n g the a r te r ia l i sed b l o o d f r o m t h e 
p u l m o n a r y aur ic le , and the d i s t r i b u t i o n o f the branches o f t h e 
r i g h t aorta , are such, t h a t the head, neck , and f o r e - l i m b s receive 
ch i e f ly ar ter ia l i sed b lood , and the abdomina l viscera, t he t r u n k , 
h i n d - l i m b s , and t a i l , are suppl ied w i t h m i x e d venous a n d a r t e r i a l 
b lood. B u t th is localised d i s t r i b u t i o n o f the t w o k i n d s o f b l o o d 
is more comple te ly effected i n the C r o 
codiles, t h r o u g h the m o d i f i c a t i o n o f the 
hear t and arteries before described. 

§ 92. Lungs of Reptiles. — A n open ing 
on the m i d l i n e o f the v e n t r a l side o f the 
p h a r y n x , fig. 346, c, receives a i r i n t r o d u c e d 
i n t o the m o u t h , and conveys i t to t h e 
receptacles w h i c h , i n B e p t i l e s and a l l 
h igher Ver tebra tes , are ca l led £ l ungs , ' i b . 

f f . T h e open ing , u sua l l y a shor t l o n g i 
t u d i n a l s l i t , leads, i n the N e w t and P r o 
teus, to a smal l crescentic membranous 
sac, f r o m the angles o f w h i c h are p r o 
duced the l o n g slender p u l m o n i c bags. I n 
the A x o l o t l a shor t t u b e , s t reng thened b y 
a f e w feeble subannular car t i lages , con- I Respiratory organs, Newt. 
ducts the air t o the l u n g s , w h i c h c o m - | 
mence j u s t beyond the h e a r t : i n the S i r e n and L a n d - S a l a m a n d e r 
a s imi la r t rachea divides i n t o t w o branches, one to each l u n g . 1 I n 
a l l these t a i l ed Batrachia the p u l m o n a r y bags have s imple o r even 
wal l s . T h e a r t e r y , f o r m e d as above descr ibed, f r o m t h e h i n d m o s t 
vascular a rch , j o i n e d b y a b r a n c h f r o m the n e x t a rch , r u n s a l o n g 
one side or border , and the v e i n r e t u r n s a long the opposite bo rde r 
o f the l u n g . T h e branches proceed f r o m the a r t e r y , fig. 3 4 8 , 
a, t r ansverse ly , w i t h r e g u l a r i n t e r v a l s , m i d w a y i n w h i c h t h e 
venules are f o r m e d w h i c h course h a l f - r o u n d the c y l i n d e r to open 
i n t o the l o n g i t u d i n a l v e i n : fibres o f elastic t issue accompany the 
ar ter ioles and venules. T h e i n t e r v e n i n g capi l lar ies cons t i t u t e a 
r e g u l a r n e t w o r k , u n i f o r m l y over the p u l m o n a r y s u r f a c e ; t h e y 
seem t o be mere channels f o r the passage o f t h e b l o o d discs, fig. 
3 4 7 , w i t h i n t e rva l s o r islets o f compacted cel ls , c o n t a i n i n g n u c l e i 

xciv. p. 395. 
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and granules , i b . a. T h i s vascular surface is covered b y a del icate 
carpet o f ep i the l i a l cel ls , fig. 348 , ce r t a in l inea r t rac ts o f w h i c h , 

Respiratory surface, lung of Newt, magnified, with the epithelium 
out of focus. CCLXVIH. 

i b . b, b, are c i l i a t e d . T h e e x t e r i o r o f t h e l u n g is covered b y 
delicate pe r i tonea l nonc i l i a t ed scales. 

Respiratory surface, lung of Newt, magnified, with the epithelial covering 
in focus, CCLXVIII. 

I n the Siren the l ungs are n a r r o w bags, coex tens ive w i t h t h e 
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l o n g t r u n k ; and the c i l i a t ed t racts u p o n the i nne r surface b e g i n 
to be raised t h e r e f r o m , and to m a r k o u t sha l low depressions o n 
the vascular surface, a t least a long the an te r io r h a l f o f the sac. 
I n the A x o l o t l , i n w h i c h the lungs t e rmina te a t the h inde r t h i r d 
o f the abdomen, the alveolar depressions or cells are more m a r k e d . 
I n the A m p h i u m e the lungs are n a r r o w , and t e rmina t e i n a p o i n t , 
w i t h i n a shor t distance o f the a n u s : on the i n n e r surface elastic 
bands are developed i n the in te r -a lveo la r pa r t i t i ons , and the a l v e o l i 
b e g i n to be subd iv ided i n t o smaller cells. I n the M e n o p o m e the 
l ungs have a s imi la r s t ruc tu re , b u t are p r o p o r t i o n a l l y smal ler , and 
w i t h l a rger alveolar depressions. 

T h e lungs o f the F r o g , fig. 349 , are w i d e r i n p r o p o r t i o n t o 
t h e i r l e n g t h , and ex t end a long the 
dorsal p a r t o f the abdomina l c a v i t y , 
w i t h the ve r t eb ra l bodies and vascu
l a r t r u n k s i n t e r v e n i n g . T h e y are 
con t inued b y short bronchia? or b r o n 
ch ia l apertures, fig. 350 , f s d i r e c t l y 
f r o m the l a r y n x . T h e p rope r tissue 
o f the bag is composed o f v e r y elastic 
fibre, covered b y per i toneal ep i the 
l i u m , and l i n e d b y the cap i l l a ry ne t 
w o r k and i t s ep i the l i a l c o v e r i n g ; 
the p u l m o n a r y a r t e r y takes i t s course 
beneath the per i toneal layer , the p u l 
m o n a r y v e i n runs beneath the i n t e r 
n a l e p i t h e l i u m ; the one on the f o r e 
and ou te r pa r t , the o ther nearer t h e 
i nne r or mesial side o f the l u n g . T h e 
w h o l e inne r surface is honeycombed , 
and the a lveo l i are s u b d i v i d e d i n t o 
smaller cells. T h e ar ter ioles r u n 

a long the a t tached borders o f the septa, the venules a long t h e 
f ree borders. T h e c i l i a r y e p i t h e l i u m is l i m i t e d t o t h e m a r g i n s 
o f the a lveo l i s u p p o r t i n g t h e l a r g e r v e n u l e s : t he c a p i l l a r y n e t 
w o r k , covered b y non -c i l i a t ed del icate e p i t h e l i a l scales, is 
disposed u p o n t h e sides and b o t t o m o f the u l t i m a t e cel ls , t h e 
septa h a v i n g a l a y e r o f the c a p i l l a r y n e t w o r k o n each side. 
T h u s the l u n g s o f t h e tai l less B a t r a c h i a , and more especia l ly o f 
the Pipa, i n w h i c h t h e y are v e r y b road a n d t h e b r o n c h i a l tubes 
l o n g , have a more ex tens ive r e s p i r a t o r y surface i n p r o p o r t i o n t o 
t h e i r size t h a n i n t h e t a i l e d species. 

B u t the p u l m o n a r y a r t e r y is n o t e x c l u s i v e l y d i s t r i b u t e d t o t h e 
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l u n g : i t sends a b r a n c h to the < re te m i r a b i l e ' o f the p a r o t o i d , o r 
g r o u p o f subcutaneous ce rv ica l g lands , and , i n the F r o g , the 
b ranch f r o m the p u l m o n a r y a r t e r y j o i n s one f r o m the aor ta to 
f o r m a large subcutaneous a r t e r y , more e x t e n s i v e l y d i s t r i b u t e d 
u p o n the s k i n , w h i c h exercises a r e s p i r a t o r y off ice i n these 
naked Ba t rach ia . I n the S i r e n , M e n o p o m e , and A m p h i u m e , 
the p u l m o n a r y a r t e r y d i s t r ibu te s some sma l l t w i g s t o the oeso
phagus. 

I n the poisonous, co lub r ine , and m a r i n e Snakes the l u n g is , 
f u n c t i o n a l l y , s ingle , one o n l y b e i n g developed, b u t o f g rea t l e n g t h , 
f o r the resp i ra to ry purpose , the o ther b e c o m i n g abor ted i n t o a 
smal l or scarcely d iscern ib le r u d i m e n t . T h e t rachea , fig. 3 0 0 , a, 
has numerous and en t i re ca r t i l ag inous r i n g s a l o n g a ce r t a in p r o 
p o r t i o n o f i t s course, and the l u n g , i b . B , seems to be f o r m e d b y 
a d i l a t a t i on o f the membranous p a r t o f the t r achea l t u b e , a f t e r 
the r i ngs become i n c o m p l e t e : b u t these m a y be t raced s u p p o r t i n g 
a n a r r o w and shal low k i n d o f a i r -canal t o the h i n d end o f the 
lunp* i n Pelamis bicolor.1 A s i m i l a r s t r u c t u r e has been observed 
i n V i p e r s (Echidna arietans), and , f o r a shor ter e x t e n t , i n R a t t l e 
snakes, i n w h i c h the t rachea is shor ter t h a n i n non-venomous 
Snakes. T h e expanded membranous p a r t o f t h e l u n g is honey
combed, w i t h subdivis ions o f the a l v e o l i a t t he f o r e - p a r t o f the 
l u n g , f o r a v a r y i n g th ickness and e x t e n t i n d i f f e r e n t species. T h e 
r u d i m e n t o f the a t roph ied l u n g is o f t e n i nd i ca t ed b y an o r i f i ce i n 
the t rachea, a t or near i t s e n t r y i n t o t h e f u n c t i o n a l l u n g , l ead ing 
t o a smal l pouch . T h i s adheres to the t e r m i n a l w h o l e - r i n g s o f 
the t rachea i n Coluber natrix and Naja tripudians. I n t h e g rea t 
c o n s t r i c t i n g Serpents b o t h l u n g s are f u n c t i o n a l l y b u t u n e q u a l l y 
developed. I n Python tigris the l e f t l u n g is n e a r l y h a l f as l o n g 
as the r i g h t : b u t , b y i t s s t r u c t u r e , i t takes a lmos t an equa l share 
i n the r e sp i ra to ry f u n c t i o n , the vascular and honeycombed parietes 
b e i n g o f nea r ly the same e x t e n t as i n the r i g h t l u n g . So m u c h 
o f th i s as is p ro longed b e y o n d the l e f t l u n g has t h i n , s imple , a n d 
c o m p a r a t i v e l y unvascula r w a l l s , p e r f o r m i n g the off ice o f a rese rvo i r 
o f a i r , w h i c h m a y be u s e f u l d u r i n g t h e p e r i o d , w h e n the del icate 
w i n d p i p e is squeezed flat b y a l a rge p r e y i n progress o f s low 
d e g l u t i t i o n . 2 T h e proper parietes o f t h e l u n g s a lmos t e v e r y 
w h e r e adheres, b y l a x ce l lu l a r t issue, t o the con t iguous organs. 
I n the S l o w - w o r m (Anguis fragilis) t h e l u n g s are r e l a t i v e l y 
shorter t h a n i n t r u e Ophidia, b u t the l e f t is o n l y h a l f t h e l e n g t h 
o f the r i g h t l u n g . A s imi la r d i f fe rence is presented b y t h e l u n g s 

' xx. vol. ii. p. 93, prep. no. 1089. 2 Ib. p. 94, prep. no. 1093 A. 
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o f Bipes lepidopus. I n Pseudopus Pallasii t he l u n g s are o f nearly-

equal l e n g t h . 
I n most L a c e r t i a n Rep t i l e s the l u n g s are equa l , are broader 

i n p r o p o r t i o n t o t h e i r l e n g t h , and the shor t bronchus t e rmina tes 
a b r u p t l y i n the single p u l m o n a r y c a v i t y . T h e parietes are h o n e y 
combed and vascular , b u t i n a less degree as t h e y ex t end f r o m t h e 
h e a r t : i n Geckos and A g a m a s the a lveo l i are deepest o n t h e 
mesia l side o f the lungs . I n the I g u a n a the p u l m o n a r y c a v i t y is 
d i v i d e d b y a f e w deep par t i t ions i n t o p r i m a r y lodges, t he parietes 
o f w h i c h are honeycombed b y secondary and t e r t i a r y ce l l s . 1 I n 
a M o n i t o r (Regen ia ocellata) the bronchus is con t i nued some w a y 
a long the i n t e r i o r o f the l u n g . 2 T h e lungs o f the Chameleon are 
remarkab le f o r t h e i r g r ea t ex ten t , f o r the de l icacy o f t h e i r 
parietes, and the n u m b e r o f caecal processes c o n t i n u e d f r o m t h e i r 
an ter ior and i n f e r i o r marg ins . E a c h l u n g is p a r t i a l l y d i v i d e d 
l o n g i t u d i n a l l y at i t s f o r e p a r t i n t o t w o cavi t ies , w h i c h have t h e i r 
vascular surface increased b y subd iv i s ion i n t o c e l l u l a r a l v e o l i ; 
the posterior appendicu la ted p a r t o f the l u n g is o f a s imple r 
and less vascular s t r u c t u r e , and m a y serve as a rese rvo i r o f 
air . M a r g i n a l caecal p roduc t ions o f the p u l m o n a r y b a g ex i s t also 
i n the Geckos (e. g . Ptyodactylus jimbriatus) a n d i n Polychrus 
marmoratus. I n Geckos and Scinks t h e t rachea t e rmina tes i n 
the lungs w i t h o u t d i v i d i n g i n t o b r o n c h i . 

I n the Chelonia the l u n g s present a f u r t h e r stage o f c o m p l i c a 
t i o n , and are adherent t o the s u r r o u n d i n g par ts . I n those o f 
Chelydra serpentina, e.g. the genera l c a v i t y o f each l u n g is d i v i d e d 
i n t o e igh t compar tments , the w a l l s o f w h i c h are honeycombed 
and vascular, especial ly a t t h e i r f o r e pa r t . T h e b r o n c h i a l t u b e 
extends to the h i n d m o s t c o m p a r t m e n t o f the l u n g , 3 c o m m u n i 
ca t ing b y special orif ices w i t h the an t e r io r ones, a n d send ing 
cont inuat ions o f i t s fibrous s t r u c t u r e a l o n g t h e f r e e b o r d e r o f 
the septa. 

I n the Sea -Tur t l e s ( C h e l o n e ) t h e l u n g s e x t e n d over t h e b a c k 
p a r t o f the abdomen t o the pe lv i s , a n d m u s t ac t as an a i r - b l a d d e r 
d u r i n g t h e i r s w i m m i n g : 4 t h e b r o n c h i a l tubes are c o n t i n u e d , 
g r a d u a l l y decreas ing, t o near the end o f the l u n g s , and r e t a i n i n g 
car t i lag inous r i n g s or h a l f - r i n g s a l o n g t h r e e - f o u r t h s o f t h e i r 
course. T h e y c o m m u n i c a t e w i t h n u m e r o u s p r i m a r y d iv i s ions o f 
the p u l m o n a r y c a v i t y , each o f w h i c h is d i v i d e d i n t o cel ls , w h i c h 
are s u b d i v i d e d t o t h e t h i r d or f o u r t h degree , w i t h p r o p o r t i o n a t e 
ex tens ion o f t h e vascu la r r e s p i r a t o r y surface . T h e u l t i m a t e cel ls 

1 xx. ib. p. 96. 2 cccxxi. p. 525. 
3 Ib. p. 96, prep. no. 1109 A. 4 Ibid. p. 96, prep. no. 1110. 
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a long the ou te r m a r g i n o f t h e l u n g are the la rges t a n d t h e i r 

parietes the least vascular . 
S u b j o i n e d is a t a b u l a r v i e w 1 o f the capac i ty o f t h e l u n g s m 

examples o f d i f f e r e n t f a m i l i e s o f t h e C h e l o n i a n order , 1 ob ta ined 
b y p u m p i n g o u t the a i r o f t h e l u n g s , t h e n p u m p i n g i n w a t e r , 
t h e n p u m p i n g o u t the w a t e r aga in and m e a s u r i n g i t s a m o u n t i n 
cub ic i n c h e s . ' 2 T h i s t ab le shows t h a t aqua t ic Chelonia r e q u i r e 
less a i r i n t h e i r l u n g s , i n p r o p o r t i o n t o t h e w e i g h t o f the b o d y , 
t h a n l a n d Chelonia ; and t h a t i n m u d - d w e l l e r s a n d the s o f t - t u r t l e s 
( Trionycidce) o the r par ts are a u x i l i a r y t o t h e l u n g s i n the act o f 
b r e a t h i n g . T h u s the more permeable t e x t u r e and m i n o r t h i c k 
ness o f the e p i d e r m i n t h e Trionycidce suggest t h e aptness o f the 
s k i n f o r r e s p i r a t o r y i n f l uence on t h e b lood , analogous t o t h a t o f a 
g i l l . T h e i n t e g u m e n t o f t h e u n d e r side o f t h e b o d y i n these 
es tuary t u r t l e s , w h i c h se ldom leave the w a t e r excep t t o l a y t h e i r 
eggs, is h i g h l y vascular . 

D r . Sager f o u n d ' a r r anged a l o n g t h e su r f ace o f t h e t ongue o f 
Trionyx, and somewhat i n r o w s , as w e l l as o n t h e fauces and 
abou t t h e r i m a g l o t t i d i s , and also over t h e edges o f the cornua 
hyo idea , a n u m b e r o f del icate f r i n g e s , r e s e m b l i n g , especial ly on 
the h y o i d arches, t h e fimbriated g i l l s o f t h e M e n o b r a n c h u s . ' 3 

Professor Agass iz r e m a r k s t h a t , ' a f t e r seeing t h i s T u r t l e r e m a i n 
i n g u n d e r w a t e r f o r h a l f - a n - h o u r w i t h o u t s h o w i n g t h e least s ign 
o f oppression, i t seems p laus ib le t o assume t h a t these f r i n g e s m a y 
be s i m i l a r t o t h e i n t e r n a l g i l l s o f Tadpo le s , n o t o n l y i n t h e i r 
shape b u t also i n t h e i r f u n c t i o n . ' 4 

I n the Crocod i l e ( Crocodilus acutus) t he b r o n c h i a l t u b e enters 
the m i d d l e o f the l u n g a n d is c o n t i n u e d f o r a shor t dis tance i n t o 
i t s substance before l o s i n g t h e ca r t i l ag inous a n n u l a r s t r u c t u r e , 

TABLE SHOWING THE CAPACITY OF THE LUNGS COMPARED WITH THE WEIGHT 
OF THE BODY. CCC. p. 283. 

Species Mode of Life Weight of Capacity of Length of 
Carapace 

Species Mode of Life 
body the lungs 

Length of 
Carapace 

Testudo polyphemus, fcem. On dry ground and ounces cubic inches inches 
in sand holes 95 35 10J 

Cistudo triunguis, fcem. In dry woods, under 
35 10J 

leaves 19 172 62 
Ptychemys rugosa, fcem. In water and on land 62 * ' 4 

224 
°4 

11 Cinosternon pennsylvanicum, 
62 

•2 
°4 

11 
fcem. In water and mud 8 1 *2 

10 
13 

Chelydra serpentina, mas. In water and mud 65 2 
7 

*2 
10 
13 

Trionyx ferox, fcem la water and mud 76 4* 

*2 
10 
13 

2 ccc. vol. i . p. 284. 3 cccn. quoted in ccc pp. 277, 2S4 
4 Ibid. p. 284. 
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sending o f f l a t e r a l b ranches : i t t h e n a b r u p t l y t e rmina tes i n a 
d i l a ted e longated passage, s imi la r t o those i n w h i c h the side-
branches open. These passages correspond w i t h the p r i m a r y 
divis ions o f the p u l m o n a r y c a v i t y i n the T u r t l e , and the a i r 
passes f r o m t h e m b y numerous r o u n d apertures i n t o the smal ler 
subdivis ions f o r m i n g the ce l lu la r s t ruc tu re o f the l u n g . 1 

§ 93. Larynx of Reptiles. — I n pe renn ib ranch ia l and t a i l e d 
Batrachia the g lo t t i s is a s imple l o n g i t u d i n a l fissure, fig. 346 , a, 
i n the m i d d l e o f the v e n t r a l wa l l s o f the p h a r y n x , each side o f 
w h i c h is c o m m o n l y s t rengthened b y a slender p o r t i o n o f fibro-
car t i lage (Amphiuma), or so d i v i d e d as to represent a n ' a r y t e n o i d ' 
and a ' l a r y n g o - t r a c h e a l ' ca r t i l age (Proteus). T h e s l i t opens 
i n t o a smal l membranous c a v i t y , u s u a l l y k e p t pa ten t b y l a t e r a l 
cart i lages, f r o m w h i c h the l ungs d ive rge d i r e c t l y i n Proteus, 
Amphiuma, and Triton, and w i t h a shor t t rachea i n t e r v e n i n g i n 
Siren, Axolotes, Menopoma, and Salamandra, the t rachea b e i n g 
e i ther membranous or w i t h feeble r u d i m e n t s o f ca r t i l ag inous r i n g s . 

I n tail less Batrachia the l a r y n x is w e l l deve loped , especial ly 
i n the males. The re is , i n most , an annu la r t h y r o c r i c o i d ca r t i l age , 
w h i c h supports i n a l l a pa i r o f large a ry t eno ids , o f a t r i a n g u l a r 
shape, the apex f o r m i n g the uppe r and l a t e r a l b o u n d a r y o f t h e 
l a r y n x , fig. 3 5 1 , a : t he chorda? vocales 
s t r e t ch t ransverse ly f r o m one end o f the 
base to the other , and are w a n t i n g o n l y i n 
Pipa and Dactylethra. A b o v e and b e l o w 
the vocal chords, fig. 350 , c, there is a 
mucous p o u c h ; and be tween the chords 
there is , i n some species, a car t i lage. T h e 
muscles are a ' d i l a t o r ' and a ' cons t r i c to r 
rimae g l o t t i d i s , ' and a * compressor g l o t t i d i s , ' 
a r i s ing f r o m the cera to-branchia ls , fig. 7 4 , 
p . 9 1 , and inser ted i n t o the pos ter ior angle 
o f the a r y t e n o i d : b y b e n d i n g t h i s angle 
o u t w a r d , i t stretches the voca l chords , and , 
b o t h muscles a c t i n g , t h e y compress t h e 
l a r y n x . T h i s is an i n f l u e n t i a l musc le i n 
r ega rd to t h e voice or c roak , a n d varies w i t h 
i t s q u a l i t y i n d i f f e r e n t species; i t is w a n t 
i n g i n the m u t e Pipa. I n Bombinator igneus 
and Hyla verrucosa t he a ry t eno ids are ob 
tuse-angled a n d n e a r l y e q u i l a t e r a l t r i ang le s . I n Bufo cinereus 

1 xx vol. ii. p. 97, prep. no. 1118. 

Tongue, larynx, and lungs, 
male Frog, Rana temporaria. 

cccxx. 
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they are more acute-angled and directed backward. In the Toad 
(Bufo) the chorda? vocales are t h i n 
elastic membranes , a n d i n t w o pa i r s , fig. 
3 5 1 , a and b : t he saccul i are seen t o be 
lodged i n the l a rge a r y t e n o i d car t i lages . 
T h e males o f the c o m m o n and edib le 
F r o g s (Rana) have t w o submand ibu l a r 
sacs, the male T r e e - F r o g (Hyla) has 
one such sac, o p e n i n g b y a s t r a i g h t canal 
i n t o t h e l a r y n x , a n d suscept ible o f con
siderable d is tens ion b y a i r d u r i n g the 
croak. A l l these d ivers i t ies o f l a r y n g e a l 
s t r u c t u r e a f fec t t h e loudness, deepness, 
or sharpness o f the pecu l i a r v o c a l notes 
o f F r o g s a n d Toads. T h e a i r passes 
t o the l u n g s , fig. 3 5 0 , g, 3 5 1 , c, d, b y 
shor t b r o n c h i , fig. 350 , f , save i n the 

Pipa, i n w h i c h the b ronch i a l tubes are l o n g , especial ly i n the 
female . 

T h e g lo t t i s i n Serpents can be d r a w n f o r w a r d and p r o t r u d e d 
f r o m the m o u t h b y the ac t ion o f the geniotracheales muscles, 
fig. 147, y, p . 229 . I n ma r ine serpents the g l o t t i s is s i tua ted 
v e r y near the f o r e p a r t o f the m o u t h , a n d the a i r can be i n s p i r e d 
a t the surface w i t h o u t exposure o f the j a w s . T h e u p p e r r i n g s 
o f the t rachea coalesce to f o r m a c r i c o t h y r o i d ca r t i l age , send ing 
f o r w a r d t w o processes w h i c h represent the a ry teno ids i n m a n y 
Ophidia ; b u t w h i c h are f r e e l y a r t i c u l a t e d t h e r e w i t h i n the g rea t 
constr ic tors . T h e ' processus e p i g l o t t i c u s ' is subquadra te i n 
Boa. T r u e ' chordae vocales ' are absent ; a n d t h e vo ice is 
reduced to a h iss ing sound p roduced b y the ac t i on o f the e x p i r e d 
a i r u p o n the marg ins o f the g lo t t i s . T h e r i n g s o f the t rachea 
are en t i re , and the t rachea var ies i n l e n g t h i n d i f f e r e n t ser
pents before i t reaches the l u n g . A l o n g th i s i t con t inues , o f 
decreasing b read th , w i t h por t ions o f the r i n g s , as i f i n c r u s t e d i n 
the p u l m o n a r y parietes, f o r an e x t e n t v a r y i n g i n d i f f e r e n t 
serpents. 

I n Lace r t i an s a c r i c o t h y r o i d car t i lage suppor t s a p a i r o f 
a r y t e n o i d ca r t i l ages : i n mos t there is a ca r t i l ag inous or osseous 
' processus ep ig lo t t i cus , ' w h i c h , i n a f e w , ' c o e x i s t s w i t h a n i n c o m 
ple te ep ig lo t t i s . T h e mucous membrane o f the g l o t t i s is r e f l ec ted 
over the a ry tenoids , f o r m i n g a depression benea th t h e m , a n d f o l d s 
w i t h f r e e m a r g i n s : these c voca l chords ' are b r o a d i n t h e C h a m e 
leon and Gecko , and s t re tch f r o m the base o f the a r y t e n o i d t o t h e 

351 

Larynx and lungs (c, d) Toad, Bufo. 
cccxx. 
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i nne r surface o f t h e c r i c o t h y r o i d . I n Lacerta and Ascalabotes 
the corresponding f o l d is v e r y n a r r o w , and the c h i r p i n g ca l l -note 
o f the Gecko m a y depend r a the r on t h e v i b r a t i o n o f the marg ins 
o f t he g l o t t i s t h a n o n the voca l f o l d s , w h i c h cannot be b r o u g h t 
i n t o contac t or be made tense. I n the Chameleon , t h e l i n i n g 
membrane o f the l a r y n x is p roduced be tween the c r i c o t h y r o i d and 
first t r achea l r i n g i n t o a pouch. I n the Stellio o f the L e v a n t t h e 
t r achea l r i ngs are osseous : i n most L i z a r d s t h e y are ca r t i l ag inous . 
T h e t rachea is r emarkab le f o r i t s w i d t h i n Platydactylus guttatus, 
b u t the d iameter is reduced to one h a l f i n Platydactylus vittatus. 
I n the Chameleon and most o ther Lace r t i an s i t is s t i l l n a r r o w e r . 

A m o n g s t the Chelonia the H a w k s b i l l T u r t l e ( Chelone imbricata) 
shows a g lo t t i s undefended b y r e t r o v e r t e d papillae, or b y an e p i 
g l o t t i s , b u t capable o f b e i n g accura te ly closed b y i t s cons t r ic tors . 
T h e t h y r o i d car t i lage i n a l l Chelonia is d i s t i n c t f r o m the c r i c o i d : 
t he arytenoids are t r i a n g u l a r , and t h e i r i n n e r f ace t is l a rge i n 
Emys and Testudo. T h e o r d i n a r y sound produced b y the l a r y n x 
o f the Chelonia is a sor t o f hiss. T h e E u r o p e a n f r e s h - w a t e r T o r 
toise emits a l o w p i p i n g note , and Agass iz records the same f a c t i n 
r ega rd to some N o r t h A m e r i c a n E m y d i a n s . 1 I n Chelone my das t h e 
* r i m a g l o t t i d i s ' suppor ts o n each side a mucous f o l d , w h i c h serves 
to produce a l o w g r u n t or b a r k a t c e r t a in seasons. I n some T o r 
toises ( Testudo tabulata, T. elephantopus) a t r i a n g u l a r m e m b r a n e 
ascends f r o m t h e base o f t h e l a r y n x to the f r i m a , ' d i v i d i n g i t i n t o 
t w o parts. T h e r i n g s o f the t rachea are en t i re a n d c a r t i l a g i n o u s : 
i n some species t h e t rachea b i fu r ca t e s h a l f w a y towards t h e 
lungs , the b r o n c h i b e i n g o f g rea t l e n g t h , and one o f t h e m u s u a l l y 
descr ibing a la rge c u r v e : i n Testudo grceca t he l e f t b ronchus is 
three fou r th s longe r t h a n t h e t r achea l t r u n k ; b u t i n Testudo 
coue'i the t rachea is one f o u r t h l o n g e r t h a n t h e b r o n c h i . T h e 
p roduc t ion o f the snout i n t h e Trionycidce enables the t e r m i n a l 
nostr i ls t o be raised above the surface o f t h e w a t e r , t o resp i re , 
w i t h o u t exposure o f the a n i m a l . 

I n the N i l o t i c Crocod i l e the mucous membrane is p roduced i n t o 
a f o l d on each side t h e e r i m a g l o t t i d i s : ' t h e fo lds deepen as t h e y 
ex tend b a c k w a r d , and are p r o d u c e d i n t o a pa i r o f p o i n t e d p r o 
cesses above t h e a ry teno ids , T h e b r o a d ca r t i l ag inous p la t e o f 
the bas ihya l rises i n f r o n t o f t h e g l o t t i s l i k e an ep ig lo t t i s . O n 
d i v a r i c a t i n g t h e r i m a l fo lds t h e y are seen to b o u n d a w i d e p o u c h 
an te r io r t o a n d above t h e t r u e e ad i tu s l a r y n g i s , ' w h i c h is m u c h 
shorter t h a n the e r i m a . ' T h e t h y r o i d a n d c r i c o i d coalesce to f o r m 
one annu la r ca r t i l age s u p p o r t i n g t h e p a i r o f a ry teno ids . T h e 

1 ccc. vol. i . p. 284. 
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membrane cove r ing these f o r m s a w i d e depression an t e r io r t o and 
be low t h e m , before b e i n g c o n t i n u e d as chorda? vocales, a long t h e 
poster ior h a l f o f each side the ' ad i tus l a r y n g i s . ' These ' chorda?' 
operate i n p r o d u c i n g the ' b e l l o w ' o f the Crocod i l e , a l o u d sound, 
be tween b a r k i n g and r o a r i n g . 

T h e trachea i n t h e N i l o t i c and some o ther k i n d s o f Crocod i l e 
f o r m s a bend or loop before d i v i d i n g i n t o the b r o n c h i : t h i s loop 
is n o t f o u n d i n the A l l i g a t o r o r G a v i a l . T h e e rec t i l e s t r u c t u r e o f 
the s ingle t e g u m e n t a r y n o s t r i l i n the G a v i a l , serves, l i k e t h e shor t 
proboscis o f the Trionyx, t o enable the aqua t i c r e p t i l e t o brea the 
the air w i t h more safe ty . 

§ 94. Respiratory actions of Reptiles. — T h e l u n g s i n Batrachia 
b e i n g suspended i n a common tho rac i c -abdomina l c a v i t y , w i t h o u t 
the costal or d iaphragmat ic mechan i sm o f expans ion , are filled 
w i t h a i r b y acts o f d e g l u t i t i o n . 

T h e h y o i d , fig. 350 , h, is depressed; the p h a r y n x , i b . e, is 
d i l a t e d : the a i r enters b y the nos t r i l s , and i t s r e t u r n is p r e v e n t e d 
b y t h e i r i n t e r n a l v a l v u l a r f o l d s , a n d b y t h e a p p l i c a t i o n o f t h e 
tongue , i b . a, against t h e i r pa la ta l openings . T h e c o n t r a c t i o n o f 
the throat-muscles and r e t r a c t i o n o f t h e eyebal ls send t h e a i r 
b a c k w a r d , the g u l l e t con t rac t s , t he g l o t t i s opens, a n d t h e a i r is 
d r i v e n t h r o u g h the b r o n c h i , f i n t o the l u n g s , g. I f t he m o u t h o f 
a F r o g be k e p t f o r c i b l y open i t is soon a sphyx ia t ed , t h e essential 
r e sp i r a to ry acts b e i n g p r e v e n t e d : i f a b r each be made i n t h e 
abdomina l w a l l s , and the act o f d e g l u t i t i o n can be p e r f o r m e d , t h e 
lungs are i n f l a t ed . E x p i r a t i o n is p e r f o r m e d b y the e l a s t i c i t y o f 
the p u l m o n a r y parietes , w h i c h is such as t o q u i t e e m p t y t h e l u n g 
and reduce i t t o the size o f a sma l l pea, t h e abdomen b e i n g 
opened. 

T h e lungs o f Chelonia b e i n g lodged i n a c a v i t y , t h e capac i ty o f 
w h i c h is o n l y af fec ted b y the r e t r a c t i o n a n d p r o t r u s i o n o f t h e 
l i m b s and t a i l , appear, also, t o be filled w i t h a i r , c h i e f l y b y acts 
o f d e g l u t i t i o n . These are so h a b i t u a l t h a t c t h e w o r k i n g o f t h e 
t h r o a t ' cont inues w h e n t h e T u r t l e is i m m e r s e d i n w a t e r ; a n d 
H u n t e r was l e d b y obse rv ing th i s c i rcumstance , t o r e l i n q u i s h t h e 
idea o f i t s be ing a r e s p i r a t o r y act. I t i s , i n f a c t , i n t h e Chelonia 
i n w h i c h the p las t ron remains u n f i x e d b y bone t o t h e carapace 
( Chelone, Trionyx) t h a t r e s p i r a t o r y acts due t o m o v e m e n t s o f t h e 
thorac ic -abdomina l w a l l s are mos t conspicuous. ' I f a T u r t l e be 
t h r o w n u p o n i t s back , and makes an i n s p i r a t i o n , w e m a y observe 
t h a t i ts f o u r fins are, as i t w e r e , e r ec t ed ; t h e breas t -bone is pushed 
f o r w a r d , and the c a v i t y swel ls o u t w h e r e v e r t h e par t s are so f t . A l l 
th i s is done, I conceive, b y the muscles o f the e x t r e m i t i e s movino-
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t he i r respective bones i n an i n v e r t e d o r d e r : ins tead o f t h e i r 
m o v i n g the e x t r e m i t y , t he e x t r e m i t y becomes the fixed p o i n t : 
the bones answer ing t o t h e clavicles are m o v e d f o r w a r d , and t h e 
bones o f the pelvis a t t he l o w e r p a r t are pushed against the ins ide 
o f the breast-bone, so t h a t the w h o l e bone is pushed ou t . T h e y 
appear t o d raw i n t h e i r b r ea th b u t once i n t w e n t y m i n u t e s or 
ha l f -an-hour , and o f t e n a t a m u c h l o n g e r i n t e r v a l . ' 1 

I t is probable t h a t such r e sp i r a to ry actions c o u l d n o t be pe r 
f o r m e d b y the an imal w h e n s w i m m i n g a n d d i v i n g ; and i t is 
ce r ta in t ha t such actions o f the l imb-musc le s c o u l d n o t e f fec t 
any m o t i o n o f the breast-bone i n t h e g rea t p r o p o r t i o n o f t h e 
Che lon ian order , i n w h i c h the p l a s t r o n is fixed. T h e capac i ty 
o f the thorac ic -abdominal c a v i t y m a y be s l i g h t l y a f fec ted b y t h e 
movements o f the l i m b s a c t i ng o n the s o f t w a l l s at i t s f o r e a n d 
and back par ts , fig. 149, p . 233 ; t h e d i aph ragma t i c muscles , 
figs. 150, 1 5 1 , 42, m a y coopera te ; b u t r e s p i r a t i o n goes o n w h e n 
the l imbs are motionless, and a p p a r e n t l y b y acts o f d e g l u t i t i o n , as 
ind ica ted b y the (working o f the t h r o a t . ' 

I n Ophidia, Lacertilia, and Crocodilia, r e s p i r a t i o n is p e r f o r m e d 
b y the expansion and c o n t r a c t i o n o f the m o r e movab le par t s o f 
the parietes o f the c a v i t y c o n t a i n i n g the l u n g s : f o r t h i s b e i n g 
d i la ted the a i r rushes i n b y t h e o n l y avai lable passage, v i z . t h e 
g lo t t i s and w i n d p i p e , t o the l u n g s . T h e a r t i cu l a t i ons o f the r i b s 
i n serpents a l l ow o f t h e i r r o t a t i o n f o r w a r d a n d b a c k w a r d , a n d 
even o f a s l i gh t d i v a r i c a t i o n o f the t w o r ib s o f each pa i r . T h i s 
mechanism and the muscles concerned i n w o r k i n g i t are descr ibed, 
pp . 55 , 56 , 224 , figs. 143, 144. T o w h a t e v e r degree t h e v i s ce r a l 
c a v i t y m a y be so expanded , the a i r enters b y the nos t r i l s o r 
g lo t t i s , i f t h e y be open and f r e e ; a n d a gene ra l expansi le o r 
i n sp i r a to ry movemen t m a y t h e n be n o t i c e d . 2 B u t the g rea t 
l e n g t h o f the t h o r a c i c - a b d o m i n a l c a v i t y a n d the n u m b e r s o f pa i rs 
o f moveable r ib s — i n some serpents th ree h u n d r e d pai rs — are 
associated w i t h p a r t i a l en la rgements a n d cont rac t ions o f t h e 
cav i ty , e f f ec t ing co r r e spond ing changes i n t h e l o n g p u l m o n a r y 
bag, w i t h o u t a f f e c t i n g t h e t o t a l v o l u m e o f a i r i n i t , i f t he g l o t t i s 
be no t i n c o m m u n i c a t i o n w i t h t h e o u t w a r d a i r , e i the r d i r e c t l y o r 
t h r o u g h the m e d i u m o f t h e nos t r i l s . Sch lege l has observed a b o u t 
t h i r t y such p a r t i a l d i l a t a t ions o f the t r u n k and l u n g b e t w e e n t w o 
insp i ra t ions . 3 W h e n t h e C o n s t r i c t o r s s w a l l o w t h e i r p r e y t h e 
g lo t t i s is p r o t r u d e d f r o m t h e m o u t h : t h i s m a y be a consequence o f 
the pressure exerc ised o n t h e par ie tes o f t h e g r e a t l y d i s t ended 
m o u t h , a n d m a y n o t r e l a t e t o t h e necessi ty o f d i r e c t l y r e c e i v i n g 

1 ccxxxvi. vol. i i . p. 348. 2 CCLXXXV. 3 ccxxxiv. torn. i . p. 53. 
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air d u r i n g the p e r i o d occupied b y the r o t a t o r y t r a n s i t o f the p r e y 
to the g u l l e t : i t is more probable t h a t a t t h i s t i m e the t rachea is 
squeezed flat, and the a i r i n the h i n d e r r e se rvo i r o f t h e la rges t 
l u n g m a y serve to keep u p the sma l l a m o u n t o f r e sp i r a t i on needed 
d u r i n g the passage o f t h e p r e y t o t h e s tomach, the snake b e i n g 
t h e n at rest and almost t o r p i d . 

I n L i z a r d s and Crocodi les ce r t a in pai rs o f v e r t e b r a l r i b s 
(pleurapophyses) a t t he f o r e p a r t o f the t h o r a c i c - a b d o m i n a l c a v i t y 
a r t icu la te w i t h s ternal r ibs (haemapophyses), t he b o n y arches b e i n g 
comple ted b y the s t e rnum be low. T h e p leurapophys i s , fig. 4 9 , / 
( p . 5 7 ) , f o r m s an angle d i r ec ted b a c k w a r d at t h e j o i n t w i t h the 
haemapophysis, i b . 6, t he muscles r a i s i n g or d r a w i n g o u t w a r d and 
f o r w a r d the uppe r r i b open t h e angle b e t w e e n i t a n d t h e l o w e r 
o n e ; and the head o f the r i b b e i n g fixed t o the ve r t eb ra , t he 
s t e rnum y ie lds , is depressed, and b o t h the v e r t i c a l and transverse 
diameters o f the c a v i t y c o n t a i n i n g t h e l u n g s are increased. 
Consequen t ly the a i r enters t h e p u l m o n a r y cavi t ies . B y t h e 
c o n t r a r y actions, the tho rac ic -abdomina l c a v i t y is con t rac ted , and , 
the e las t ic i ty o f the p u l m o n a r y parietes a i d i n g , the a i r is expe l led . 

I n the Crocodi le the increase i n the n u m b e r o f the comple te 
sterno-costal arches, fig. 56 , l , 2, 3, & c . ( p . 6 8 ) , g ives grea ter ef fec t 
to t he i r r e sp i ra to ry movements : and the muscu la r fibres a t tached 
to the m i d r i f f - l i k e sheets expanded u p o n the hepat ic lobes, m a y a id 
i n m a k i n g the genera l expansion o f the tho rac i c -abdomina l c a v i t y 
t e l l more d i r e c t l y u p o n the l ungs . 

A l m o s t a l l t he L a c e r t i l i a and B a t r a c h i a have t h e p e c u l i a r i t y 
o f i n f l a t i n g t h e i r l ungs , w h e n t h e y are u n d e r t h e i n f l uence o f f ea r 
or o f some o ther e x c i t e m e n t : i n the Chamaeleon, as w e l l as i n 
P o l y c h r u s and m a n y other I g u a n o i d s , t he expansion o f t h e t r u n k 
consequent the reon aids i n p r o d u c i n g t h e r e m a r k a b l e change o f 
colours t o w h i c h w e sha l l r e cu r i n the chapter o n t h e i n t e g u 
ments. 
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URINARY SYSTEM OF HSEMATOCRYA. 

•§ 95. Kidneys of Fishes.—In all Vertebrates an excretory-
o rgan is v e r y ear ly developed i n t h e f o r m o f a t u b e , e x t e n d i n g 
f r o m each side o f the cloaca f o r w a r d , a long t h e dorsal r e g i o n o f 
the abdomen, close t o the spine, w h e r e i t communica tes w i t h a 
n u m b e r o f slender b l i n d tubes p laced at r i g h t angles t o i t ; t he 
l o n g i t u d i n a l t r u n k - t u b e s e r v i n g as the e x c r e t o r y d u c t o f t h e 
shorter transverse secerning caeca. These glands are t r a n s i t o r y i n 
the a i r -b rea th ing Ver t eb ra t e s and are ca l led , f r o m t h e i r discoverer , 
icorpora W o l f f i a n a ; ' t h e y are pers is ten t i n fishes1 a n d are 
ca l led e k idneys , ' fig. 3 5 2 , n: i n b o t h t h e y are r ena l organs a n d 
secrete u r i n e . 

A s l i g h t l y opaque, slender, e longated g l a n d u l a r b o d y , i n the 
s i t u a t i o n m a r k e d h i n fig. 169, m a y represent the r e n a l o rgan i n 
Branchiostoma. T h e s t r u c t u r e o f t h i s o rgan is more obvious i n 
t h e M y x i n o i d s : i t is double : each l o n g d u c t , fig. 353 , l , a, as i t 
extends f r o m the cloaca t h r o u g h the abdomina l c a v i t y , sends of f , 
a t r egu l a r b u t d i s tan t i n t e rva l s f r o m i t s ou te r side, a shor t w i d e 
t u b e , i b . h, w h i c h communica tes b y a n a r r o w open ing w i t h a b l i n d 
sac, i b . d. A t the b o t t o m o f th i s sac or caecum there is a s m a l l 
vaso-gangl ion , fig. 353 , 2, D , f r e e on a l l sides save t h a t b y w h i c h 
the vessels, i b . a, enter , and i b . b,2 q u i t i t : there are no u r i n i -
fe rous tubes i n th i s v a s o - g a n g l i o n : the contents o f the caecum 
m u s t react t h r o u g h i t s t h i n parietes and those o f the capi l la r ies 
w i t h w h i c h i t is i n con tac t u p o n the b lood i n those capi l la r ies , a n d 
ex t r ac t t h e r e f r o m t h e azotised u r i c p r i n c i p l e . A n a l o g o u s vascu
la r bodies, f o r m e d c h i e f l y b y c o n v o l u t e d t u f t s o f a r t e r i a l c a p i l l a 
r ies , are present i n the W o l f f i a n bodies o f M a m m a l s , a n d i n t h e 
persis tent r e n a l organs o f a l l V e r t e b r a t e s . T h e y are ca l led , a f t e r 
t h e i r d iscoverer , f M a l p i g h i a n corpuscles , ' a n d t h e u r i n i f e r o u s 
tubes t ake t h e i r r ise b y a s acc i fo rm b l i n d b e g i n n i n g a p p l i e d over 
the vascular t u f t or g a n g l i o n . 3 

T h e combined sece rn ing caeca a n d vaso-gangl ia f o r m i n the 

1 cxxx. i i . p. 314. 2 x x i . p. 13. 3 cxxxvn. 
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L a m p r e y s 1 a cont inuous n a r r o w e longated g l a n d , w h i c h extends i n 
t h e i r y o u n g or A m m o c e t e c o n d i t i o n t h r o u g h o u t the abdomen, b u t i n 
the f u l l - g r o w n fish (Petromyzoii) a l o n g the pos te r io r t w o t h i r d s : i n 

b o t h b e i n g con f ined to the 
dorsa l p a r t o f t h e c a v i t y , 
fig. 354 , g. T h e ure ters , 
i b . e, open i n t o t h e shor t 
canal l e a d i n g t o the pa
p i l l a r y p r o d u c t i o n o f the 
pe r i t onea l ou t l e t s close 
t o the anus . 2 

I n mos t Osseous Fishes 
the k i d n e y s are l o n g and 
n a r r o w , a n d e x t e n d 
t h r o u g h t h e w h o l e o r a 
g rea t p a r t o f t h e dorsal 
r e g i o n o f t h e abdomen, 
firmly a t tached t o t h e 
v e r t e b r a l c o l u m n ; t h e y 
are u s u a l l y broadest and 

I t h i ckes t a n t e r i o r l y , where 
t h e y sometimes present 
a tabulated s u r f a c e ; t h e y 
con t rac t , a p p r o x i m a t e , 
and f r e q u e n t l y b l e n d t o 
ge ther as t h e y e x t e n d 
backwards ( Cyclopterus); 
sometimes p e n e t r a t i n g 
t h e haemal canal i n the 
t a i l . I n t h e G y m n o t u s 
t h e k i d n e y s are d i s t i n c t 
a n d t h i c k e s t at t h e i r pos
t e r i o r ends, as t h e y are 
i n the G u r n a r d , fig. 3 7 9 , 

Ik, and i n most Sharks . 
T h e k i d n e y s have n o t 

i a w e l l - d e f i n e d capsule 
i n Osseous F ishes , b u t 

t h e i r v e n t r a l surface is i m m e d i a t e l y covered b y an aponeuro t i c 
membrane , against w h i c h the p e r i t o n e u m , a n d t h e a i r -b ladder 
w h e n present , are appl ied . T h e r e n a l t issue is so f t a n d spongy , 

Mn Petrwyzon marinus the diameter of the tubuli uriniferi is ^th of an inch, that 
2 xx. iv. pi. 56,fig. \,e. 

~ vu.vsuu Ul 1 
of the capillaries of the kidneys being ^ t h of an inch. 
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firmest a t the fo r e -pa r t o f the g l a n d ; u s u a l l y o f a r e d d i s h - b r o w n 
c o l o u r ; sometimes soaked, as i t w e r e , w i t h d a r k p i g m e n t . 1 I t is 
suppl ied b y numerous smal l ar ter ies f r o m t h e abdomina l aor ta , 2 

w h i c h f o r m M a l p i g h i a n corpusc les ; b u t these are f e w e r i n 
number and less complex t h a n i n t h e t r u e k i d n e y s o f h i g h e r 
Ver tebra tes . T h e p r i m a r y branches o f the t u b u l i u r i n i f e r i , g i v e n 
o f f f r o m the l o n g ure te r , are e x t r e m e l y n u m e r o u s ; t h e i r d iv is ions 
i n the rena l substance are c o m p a r a t i v e l y f e w ; t h e y are i n mos t 
fishes convolu ted and o f equa l 
diameter , e x t e n d i n g t h r o u g h the 
w h o l e rena l substance, w h i c h 
shows no d i s t i n c t i o n o f co r t i ca l 
and m e d u l l a r y par t s , and has 
ne i ther * p e l v i s ' no r ' m a m m i l 
la? : ' t h e y are l i n e d b y a c i l i a t e d 
e p i t h e l i u m . Sometimes a s ingle 
common u re t e r qu i t s t h e coa
lesced h inde r ends o f the k i d 
neys , as i n the P i k e , and t e r m i 
nates i n a u r i n a r y bladder . M o r e 
f r e q u e n t l y the essentially d u p l e x 
n a t u r e o f the k i d n e y s is m a n i 
fes ted b y the emergence o f t w o 
ure ters f r o m the v e n t r a l surface 
o f t he i r posterior ends w h e n these 
have coalesced : i n some fishes the 
ureters u n i t e together a f t e r q u i t 
t i n g the k idneys , and t e r m i n a t e b y 
a common g r a d u a l l y w i d e n i n g canal i n the u r i n a r y b l a d d e r ; some
t imes t h e y enter the u r i n a r y b ladder separa te ly , as i n the W o l f -
fish, where t h e y b o t h t e r m i n a t e o n i t s l e f t side, h a l f an i n c h above 
the c e r v i x : r a r e l y are any smal ler accessory u re te r s seen, as e. g . 
i n the S t i ck leback , t o t e r m i n a t e also, separa te ly , i n the b ladder . 
T h i s , i n aquat ic animals a p p a r e n t l y needless, receptacle o f a fluid 
exc re t ion is , nevertheless, r a r e l y absent i n Osseous F i s h e s ; t h e 
P i l c h a r d , the H e r r i n g , and the L o a c h are a m o n g the f e w instances 
where i t is n o t developed. I n t h e L o a c h a v e r y shor t , i n t h e 
H e r r i n g a l o n g , c o m m o n u r e t e r t e rmina t e s b e h i n d t h e anus. I n 
the G y m n o t u s the c o m m o n u r e t e r is so w i d e as t o serve as a 
receptacle, and i t is d i r ec t ed f o r w a r d t o reach i t s t e r m i n a t i o n 

• immed ia t e ly b e h i n d the advanced v e n t . 
T h e u r i n a r y b ladder is somet imes r o u n d , fig. 3 7 9 , b, sometimes 

1. The anterior extremity of the kidney, Bdcll 
stoma, xxi. 2. Malpighian body and its blood
vessels, Bdellostoma. xxi. 

1 As in Lepidosiren, X X X I I I . p. 349. 2 Hunter, vn . vol. i i . p. 112. 
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oval or pyriform, often bifid at its fundus, or two-horned; it is 
largest i n those fishes, as the Pleuronectidcs, Lophius, Orthagoriscus, 
and Cyclopterus, i n w h i c h the a i r -b ladder is absent. I n Callyony-
mus the b i f i d u r i n a r y b ladder extends the w h o l e l e n g t h o f the 
abdomen. I t a lways lies b e h i n d t h e r e c t u m , g e n e r a l l y receives 
the u re t e r or ureters nearer i t s f u n d u s t h a n i t s c e r v i x , and the l a t t e r 
is p ro longed usua l ly i n t o a p r o m i n e n t p a p i l l a b e h i n d the ven t . 
T h e l o n g c e r v i x vesicae i n the Sa lmon is s u r r o u n d e d b y a venous 

p lexus . I n the S t u r g e o n the w i d e 
ure ters e x t e n d a l o n g t h e ou te r 
borders o f the k i d n e y s , and r e 
ceive the vasa de fe r en t i a or the 
ov iduc t s i n t h e i r course towards. 
t h e cloaca, w h e r e t h e y u n i t e i n t o 
a shor t d u c t w h i c h f o r m s t h e com
m o n o u t l e t o f the u r i n a r y and 
genera t ive p roduc t s . 

T h e k i d n e y s are l o n g , n a r r o w , 
b u t d i s t i n c t f r o m each o ther i n 
a l l t h e G a n o i d F i shes and i n the 
L e p i d o s i r e n . I n the L o p h i u s the 
k i d n e y s present a m o r e compact 
f o r m , a n d are s i tua ted w i d e apar t , 
f a r f o r w a r d s i n t h e abdomen, i n 
depressions o n e i ther side o f the 
o r ig ins o f the ' re t rac tores pa l a t i . ' 
T h e k i d n e y s o f the Plagios tomes 
are also o f a more compac t f o r m 
t h a n i n Osseous F ishes , a n d are 
a lways d i s t i nc t , a n d g e n e r a l l y 
show a c e r e b r i f o r m c o n v o l u t e d or 
l o b u l a t e d e x t e r i o r : t h e p r i m a r y 

branches o f the u r i n i f e r o u s tubes are f e w e r , a n d t h e i r d ichotomous 
ramif ica t ions more numerous i 1 t he u re t e r i c t r u n k becomes supe r f i c i a l 
a long the i n n e r and f o r e - p a r t o f t h e h i n d e r h a l f o f each k i d n e y ; 
a f t e r q u i t t i n g w h i c h i t di lates i n t h e G r e y S h a r k (Galeus) i n t o a 
k i n d o f receptacle, fig. 3 5 2 , m, b e h i n d each o v i d u c t o r vas deferens, 
and c o m m u n i c a t i n g w i t h i t s f e l l o w near the cloaca, t e rmina tes b y 
a s ingle u r e t h r a l canal u p o n a k i n d o f penis o r c l i t o r i s , i b . o, 
a t the back o f the anus, w i t h i n a l a rge c o m m o n cloaca. I n t h e 
T o r p e d o , the ure ters t e r m i n a t e o n the c loacal p a p i l l a b y t w o d is -

354 

Kidney and generative organs, Lamprey (Petro-
myzon marinus). xx. 

1 In the Ray, the diameter of the terminal branches of the tubuli uriniferi are ifeth 
of an inch, that of the capillary renal arteries being y ^ t h of an inch. 
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t i n c t or i f ices . 1 I n the Skate and T h o r n b a c k each u re t e r t e rmina te s 
i n the neck o f a shor t b i f i d b ladder : these open b y a c o m m o n u r e t h r a 
upon the cloacal pap i l l a . T h e L e p i d o s i r e n has a sma l l u r i n a r y 
bladder s i tua ted b e h i n d the r e c t u m and i n f r o n t o f the o v i d u c t s : t he 
ureters do n o t communica te d i r e c t l y w i t h i t , b u t t e r m i n a t e sepa
r a t e l y on smal l papillae i n the ov iduca l compar tmen t o f the cloaca. 2 

W i t h r ega rd to the c i r cu l a t i on i n the k i d n e y o f those Fishes , as 
e. g . the Plagiostomes, the L o p h i u s , and the L e p i d o s i r e n , i n w h i c h 
t h e o rgan is best def ined , the v e i n o n the ou te r side o f the k i d n e y 
w h i c h receives b lood f r o m the t a i l , the abdomina l parietes, and the 
genera t ive organs has so f a r the aspect o f a ' p o r t a l ' or i n f e r e n t 
vessel, t h a t a second and l a rge r v e i n , whose roots t a k e t h e i r r ise 
i n p a r t f r o m the rena l substance, extends f r o m the i n n e r a n d f o r e 
p a r t o f the k i d n e y to convey i t s b lood to the postcaval v e i n . T h e 
ex t e r i o r v e i n is no t , however , comple t e ly expended i n the k i d n e y , 
b u t is also con t inued f o r w a r d f r o m the an te r io r end t o j o i n t h e 
veins f r o m the an te r ior abdomina l parietes, and sometimes those 
f r o m the pec tora l fins. I n a l l F ishes the k i d n e y s m a i n t a i n the same 
re la t ions w i t h the ca rd ina l veins t h a t t h e i r t r a n s i t o r y homologues 
the ' W o l f f i a n bodies ' do i n the e m b r y o o f h ighe r Ve r t eb ra t e s . 

§ 96. Kidneys of Reptiles.—In th is class the k i d n e y s are a lways 
a d i s t i n c t pa i r , and are more c i r cumscr ibed i n f o r m , a n d more 
compact i n s t ruc tu re t h a n i n F i s h e s ; b u t , as i n t h e m , the r e n a l 
t issue is u n i f o r m , n o t d i v i d e d i n t o * c o r t i c a l ' and t m e d u l l a r y ' par ts . 

I n the Siren each k i d n e y is a l o n g , o v a l , subcompressed b o d y , 
t a p e r i n g a n t e r i o r l y t o a p o i n t s i tua ted i n the h i n d p a r t o f the 
abdomen, dorsad o f the r e c t u m , w i t h an e n t i r e i n v e s t m e n t o f 
p e r i t o n e u m ref lec ted u p o n t h e i r i n n e r edges, w h e r e t h e y receive 
smal l arteries. T h e ure te rs enter t h e back p a r t o f the cloaca, f r o m 
the fo re pa r t o f w h i c h is developed a s m a l l a l l a n t o i d o r u r i n a r y b l a d 
der. T h e k idneys o f Amphiuma resemble those o f Siren. I n t h e 
Menopoma the k i d n e y s are r e l a t i v e l y l o n g e r , e x t e n d i n g n e a r l y t h e 
w h o l e l e n g t h o f the abdomen o n each side o f t h e v e r t e b r a l bodies. 

I n the N e w t the k i d n e y s are less e longate , and t h e i r f o r e p a r t 
becomes so t h i n a n d t r anspa ren t t h a t i t lends i t s e l f f a v o u r a b l y t o 
microscopical examina t i on . T h e c i l i a t e d e p i t h e l i u m c o n t i n u e d 
f r o m the u r i n i f e r o u s t u b u l e , t e rmina t e s a b r u p t l y s h o r t l y a f t e r 
e n t e r i n g the M a l p i g h i a n capsule, fig 3 5 5 , ep: t h e bas i l emma 
o f t h e capsule, bm, b e y o n d the t e r m i n a t i o n o f t h e c i l i a t e d 
e p i t h e l i u m , appears t o be u n c l o t h e d : i t is a homogenous , t r a n s 
paren t , s t ruc ture less substance, p e r f o r a t e d b y t h e i n f e r e n t a n d 
e f fe ren t vessels, a n d n o t r e f l e c t e d over t h e m . T h e i n f e r e n t 

1 cxxxvi, 2 x x x n i . pi. 27. 
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vessel di la tes o n e n t e r i n g , f o r m s a" f e w coi ls , aga in con t rac t s , and 
becomes the e f f e r en t vessel . 1 I n the 
F r o g t h e k i d n e y s present a more 
compac t f o r m ; t h e y are f l a t t ened , 
subelongate , w i t h a convex outer 
bo rde r and a n e a r l y s t r a i g h t i n n e r 
one, fig. 3 3 1 , K . k. T h e y are s i tua ted 
at the p e l v i c end o f t h e abdomina l 
c a v i t y b e h i n d the r e c t u m and a l l an to id 
b l a d d e r : t h e p e r i t o n e u m cove r ing 
o n l y t h e i r s t e rna l surface . T h e r ena l 
capi l lar ies , d e r i v e d f r o m t h e r e n i p o r t a l 
v e i n , i b . K , r a m i f y t h r o u g h the g l a n d to 
reach the M a l p i g h i a n capsule, fig. 356, 

f : i n the specimen figured, b y B o w m a n , 2 

u n d e r the m a g n i f y i n g p o w e r o f 320 d ia
meters , t he p a r t w h e r e the capi l lar ies enter (near t ) is obscured b y 

an u r i n i f e r o u s t u b e . O n enter
i n g , t h e c a p i l l a r y enlarges and 
f o r m s a f e w coi ls , m, w h i c h l i e 
bare i n the capsular c a v i t y . T h e 
l e m m a begins t o rece ive an ep i 
t h e l i a l l i n i n g a t f , f , w h i c h 
increases i n th ickness t o the neck 
o f t h e t u b u l e , d, d, a n d is covered 
b y c i l i a : these m a y m a i n t a i n 
t h e i r mo t ions hour s a f t e r the 
dea th o f t h e F r o g . T h e u r i n i 
f e rous t u b u l e s f o r m b y succes
sive un ions the u r e t e r , w h i c h 
opens i n t o t h e u r o g e n i t a l com
p a r t m e n t o f t h e cloaca, opposite 
the o r i f i c e o f t h e l a rge b i f i d a l 
l a n t o i d b ladder , t h e contents o f 
w h i c h are m a i n l y w a t e r . 

I n Serpents t h e k i d n e y s , fig. 
357 , t, t, p a r t ake o f the usua l 
e longated f o r m o f t h e viscera, 
a n d are s u b d i v i d e d i n t o numerous 
flattened, o v e r l a p p i n g lobes, so 
as r e a d i l y to accommodate t h e m 
selves t o t h e flexuosities o f the 

Malpighian body, Frog, cxxxvu. 
p a r t o f t h e t r u n k i n w h i c h t h e y 

1 cxxxvir. 2 lb. 
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are lodged. I n most Serpents t h e y are u n s y m m e t r i c a l l y s i t u a t e d ; 
the l e f t i n Coluber natrix, e.g., b e i n g o n e - f o u r t h o f i t s l e n g t h 
nearer the cloaca t h a n the r i g h t k i d n e y ; and t h e y are loosely 
at tached to the dorsal abdomina l wa l l s . E a c h r e n a l lobe is so 
d i s t inc t t h a t i t m a y be r ega rded as a separate k i d n e y o r r e n u l e : 
i t is r e n i f o r m i n Python a n d Boa, a n d is p r i n c i p a l l y composed o f 
the ramif ica t ions o f the r e n a l a r t e r y , t h e 
r e n i p o r t a l and r e n a l ve ins , a n d t h e u r i n i -
ferous tubu les w i t h t h e i r i n i t i a l ( M a l p i 
gh ian ) capsules. T h e a r t e r y o f t h e r e n u l e , 
en t e r i ng at t he n o t c h or ' h i l u m , ' r e p r e 
sent ing the pe lv is , d i s t r ibu tes i t s branches 
fanwise t h r o u g h the m i d d l e o f the sub
stance: each b ranch , fig. 3 5 8 , a, sends 
t w i g s to the M a l p i g h i a n capsule w h i c h , 
f o r m w i t h i n i t the d i l a t e d p l e x u s , ana
logous t o t h a t i n fig. 356 , whence the 
b l o o d is r e t u r n e d b y the e f fe ren t vessel, 
i n t he d i r e c t i o n o f the a r r o w , t o the 
b ranch o f the r e n i p o r t a l v e i n , fig. 3 5 8 , 
p, v: these branches be ing d i s t r i b u t e d 
fan-wise over b o t h surfaces o f the flat
t ened renu le . I n th i s course t h e y c o m 
munica te w i t h , or he lp to f o r m , a r i c h 
venous p lexus , i b . jp, s u r r o u n d i n g t h e 
t u b u l i u r i n i f e r i , i b . t, and c o m m u n i c a t i n g 
w i t h the b r anch o f the r ena l or e m u l g e n t 

i b . e, v, w h i c h accompanies 
the mid-substance o f 

t h e 
t h e 

v e i n , I D . e, 
a r t e r y , i n 
renu le . 

T h e t u b u l i , i b . t, c o n t i n u e d , as i n fig. 
356 , f r o m the capsule o f the ' M a l p i g h i a n 
body , ' a f t e r some convo lu t ions , pass to t h e 
surface n e x t w h i c h t h e ' b o d y ' is p laced , 
and t e rmina te i n a b r a n c h o f the u r e t e r , 
ur, there s i t u a t e d : these s u p e r f i c i a l 
branches are dispersed f a n - w i s e , c o n v e r g 
i n g to the ' h i l u m , ' a n d are o f t e n seen 
i n j e c t e d , as i t w e r e , b y t h e opake- w h i t e pul taceous u r i n a r y 
excre t ion . T h e M a l p i g h i a n bodies d i m i n i s h i n size a n d t h e t u b u l i 
i n l e n g t h , t owards t h e t h i n edge o f t h e r e n u l e . 

T h u s , o n each superf ic ies o f t h e flattened r e n u l e are the r a d i a t i n g 
r a m u l i o f t h e u re t e r s , ur, a n d r e n i - p o r t a l ve ins , pv ; w h i l s t a l o n g 

Kidneys and small organs, Rattle
snake (Crotalus). ccx. 
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t h e plane, m i d w a y be tween these surfaces, are the s i m i l a r l y 
disposed branches o f the r ena l a r t e r y , a, and r e n a l v e i n , v. T h e 
m a t e r i a l o f the u r i n a r y e x c r e t i o n t h r o w n b y the ep i t he l i a l cells or 
bags f r o m the i n n e r surface i n t o the c a v i t y o f t h e u r i n i f e r o u s 

t u b u l e s , t, is d e r i v e d f r o m 
the r i c h venous p l exus , p, 
e v e r y w h e r e i n contac t w i t h 
t h e i r ou te r s u r f a c e : the sero
s i t y exuded f r o m the d i l a t ed 
a r t e r i a l p l e x u s i n t h e M a l p i 
g h i a n capsule, p r o p e l l e d b y 
t h e c i l i a r y a c t i on , d i lu t e s and 
washes o u t t h e exc re t ion 
f r o m the t u b u l i , whence i t is 
conveyed b y the supe r f i c i a l 
branches o f t h e ure ters to 
t h e t r u n k , or u r e t e r , com
m o n t o t h e severa l renules , 
and , b y the u re te r s , is dis
charged i n t o t h e cloaca. 1 

T h e r e is no u r i n a r y o r a l l an-
t o i d b l adder i n Serpents . 

T h e k i d n e y s i n L a c e r t i a n s , 
fig. 3 0 1 , k, fig. 3 3 2 , are 
shor ter , broader , and less 
subd iv ided t h a n i n Serpen ts ; 
s i tua ted close t o t h e ve r t e 

b r a l bodies a t the h i n d e r p a r t o f the a b d o m i n a l c a v i t y ; t hey 
are u sua l l y p o i n t e d a t t h e i r f o r e p a r t ( Cyclodus). I n the I g u a n a 
t h e y are o f an o b l o n g , subdepressed f o r m : t h e i r s t r u c t u r e is 
essential ly t ha t above descr ibed i n the B o a . T h e u r e t e r runs 
s u p e r f i c i a l l y , as i t col lects i t s t r i b u t a r i e s , a l o n g t h e f r e e o r v e n t r a l 
surface o f the k i d n e y , and t e rmina tes i n a s l i g h t eminence , pap i l l a or 
r i d g e , close to the g e n i t a l o r i f i c e , i n the u r o g e n i t a l c o m p a r t m e n t 
o f the cloaca, b e h i n d or dorsad o f the anus. A n t e r i o r t o , or s ternad 
of , the t e r m i n a l o r i f i ce o f the r e c t u m , is t h a t o f t h e u r i n a r y or 
a l l an to id b ladder , o f l a rge size i n the I g u a n a . I n t h i s r e p t i l e 
H u n t e r f o u n d the b ladder c filled w i t h a w h i t e fluid,' a n d ' there 
were sma l l c a l c u l i i n i t . ' 2 I n the same r e p t i l e he records the p re 
sence o f ' o n e b r o w n ca lculus i n each u re t e r , a lmos t filling the 
d u c t . ' 3 

1 The ingenious and lucid explanation of the functions of the minute structures 
given by their discoverer, Mr. Bowman, in cxxxvu. 

2 ccxxxvi. vol. i i . p. 367. 8 Ibid. 

Plan of disposition of blood-vessels and tubuli in the 
renule of Boa. cxxxvu. 
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T h e f a t t y appendages w h i c h are a t tached t o the k i d n e y s o r 
u r i n a r y b ladder i n Batrachia, Ophidia, and Lacertilia, a t t a i n a 
r emarkab le size i n some members o f the l a t t e r o r d e r ; i n the 
Iguana tuberculata t h e y are a t tached b y a n a r r o w process t o t h e 
sides o f t h e b ladder , near i t s neck . 1 

I n t h e Chelonia t he k i d n e y s present a more compac t f o r m , 
and t h e i r surface is convo lu t ed t h r o u g h t h e d ispos i t ion o f the 
component lobes. T h e y have the same l o w pe lv i c pos i t i on as 
i n L i z a r d s , b u t are smal ler i n p r o p o r t i o n , a n d are outside the 
p e r i t o n e u m . I n the Tor to i se ( Testudo tabulata) t h e y are o b l o n g , 
b road , t h i c k , sub t r ihed ra l bodies : i n the T u r t l e ( Chelone my das) 
t h e y are flattened a n t e r i o r l y , or t o w a r d s the abdomina l c a v i t y , 
convex where t h e y rest u p o n 
the dorsal w a l l . I n Emys, 
figs. 307 and 359 , o , t h e y are 
semioval . T h e t u b u l i u r i n i -
f e r i pass to the superf icies o f 
the lobules and there f o r m the 
branches o f the u re te r , w h i c h 
u n i t e towards the mesia l border 
w i t h the beg inn ing o f the m a i n 
duc t , i b . N ; th is is shor t , a n d 
terminates , w i t h the spermduc t , 
c , i n the male , i n t h e u r o g e 
n i t a l c a v i t y a t F . T h e r e c t a l 
or i f ice in tervenes b e t w e e n th i s 
and the w i d e open ing o f t h e u r i n a r y b ladder , i b . M , M " T h i s 
receptacle is p r o p o r t i o n a l l y smallest i n the m a r i n e C h e l o n i a 
(Chelone, Trionyx): i n i t s con t rac ted state i t presents, i n Chelone 
mydas, t h i c k muscula r parietes and a c o r r u g a t e d i n t e r n a l surface . 
I n t e r res t r i a l and f r e s h - w a t e r C h e l o n i a the b ladder is r e l a t i v e l y 
m u c h la rger , a n d ' w i t h t h i n n e r w a l l s . I n m a n y i t is b i f i d . I n 
E m y d i a n s , besides t h e o r d i n a r y b ladder , fig. 3 0 4 , u , a p a i r o f 
other bladders , i b . u ' , u " , communica t e b y w i d e or i f i ces , b e h i n d 
the ure ters , w i t h t h e cloaca ( p . 4 4 7 ) . 

I n the Crocodilia t h e k i d n e y s are o f an o b l o n g o v a l f o r m ; t h e 
fo repa r t is t h i c k e s t or l a rges t , a n d is s te rnad o f t h e psoas musc l e , 
the h i n d p a r t ex tends i n t o t h e side o f t h e p e l v i s ; t h e y are i n 
contact w i t h each o the r a t t he m i d - l i n e . T h e surface is c o n v o 
l u t e d , l i k e t h e b r a i n , b u t w i t h smal le r a n d m o r e n u m e r o u s gyrae ; 
the co lour o f t h e k i d n e y is u s u a l l y a deep b r o w n . T h e u re te r s 
t e r m i n a t e i n l o w papillae, i n t h e u r o g e n i t a l c o m p a r t m e n t o f the 

1 xx. vol. i i i . p. 221, prep. no. 1820 A. 
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cloaca b e h i n d the g e n i t a l o r i f i c e s ; t h e f o r e p a r t o f the cloaca 
is s l i g h t l y d i l a t ed , and t h e r e c t u m opens t h e r e i n b y a v a l v u l a r 

p r o t r u s i o n . 
T h e f o r m a t i o n a n d d i spos i t ion o f the r e n i p o r t a l a n d r e n a l or 

emu lgen t veins have been p r e v i o u s l y described. 
§ 97. Adrenals of Hamatocrya.—The bodies ca l l ed f suprarenal 

capsules , ' ' renes succenturiatae, ' ' capsular atrabil iariae, ' & c , i n M a n , 
m a y be represented i n the l owes t V e r t e b r a t e s , e .g . t h e M y x i n o i d s , 
i n the f o r m o f a pa i r o f s m a l l o v a l tabulated bodies s i tua ted i n 
advance o f the k i d n e y s , and close or adherent t o t h e p o r t a l sinus. 
I n the l a m p r e y a g l a n d u l a r b o d y l ies b e t w e e n t h e aor ta a n d car
d i n a l v e i n , adhe r ing t o the coats o f t h e l a t t e r ; b u t i t has n o t the 
character is t ic s t r uc tu r e o f the adrenals i n h i g h e r V e r t e b r a t e s . I n 
o r d i n a r y Osseous Fishes the adrenals have been recognised as 
r ound i sh bodies o f a l i g h t g r e y c o l o u r ; c o m m o n l y t w o , r a r e l y 
th ree or more i n n u m b e r , s i tua ted sometimes near t h e m i d d l e , 
o f t ene r a t t he h i n d e r ends o f the k i d n e y s , a t o r near t h e e n t r y o f 
t h e haemal c a n a l ; b u t i n t h e E e l t h e y are f o u n d w h e r e the t w o 
k idneys u n i t e . T h e y are c o m m o n l y s y m m e t r i c a l i n p o s i t i o n ; 
b u t i n the genus Scomber one adrena l is i n advance o f t h e o t h e r ; 
and i n Pleuronectidce t h e y l i e b o t h o n t h e same side o f t h e body . 
Sometimes t h e y Lie f r e e , sometimes t h e y are i m b e d d e d i n the rena l 
t i s sue : t h e y u s u a l l y possess a p rope r capsule, a n d present a 
m i n u t e l y g r a n u l a r t e x t u r e w i t h o u t d i s t i n c t i o n o f c o r t i c a l and 
m e d u l l a r y parts . T h e i r surface is smooth i n some F ishes , i r r e g u l a r 
i n o the r s ; i n l a rge a n d o l d P i k e t h ree adrenals have been seen ; 
b u t i n the y o u n g ( ' J ack , ' one f o o t l o n g ) , t h e k i d n e y has been 
f o u n d to be beset w i t h a n u m b e r o f sma l l adrenals . 1 T h e y e l l o w 
i s h adrenals o f the S t u r g e o n occur as numerous s m a l l g l a n d u l a r 
bodies s t u d d i n g the dorsal surface o f t h e k i d n e y . F o u r o r five 
s imi l a r bodies are sometimes f o u n d i n t h e S k a t e ; b u t m o r e com
m o n l y i n Plagios tomes, the adrenals are represen ted b y a s ingle 
e longated n a r r o w y e l l o w i s h a n d tabulate b o d y , s i tua ted beh ind the 
k i d n e y , and sometimes e x t e n d i n g b e h i n d t h e d i l a t e d u r e t e r . 2 T h e 
adrenal i n Fishes , w h e t h e r compacted or s u b d i v i d e d , consists o f an 
aggregate o f lobules , w i t h p rope r capsules, connec ted b y looser 
connect ive t i s sue : each l o b u l e consists o f cel ls o f a b o u t ^ o V o t h o i ? 

an i n c h i n d iameter , c o n t a i n i n g n u c l e i , f a t - g l o b u l e s , a n d m o l e c u l a r 
par t ic les , t h e l a t t e r b e i n g m o s t l y aggrega ted a b o u t t h e nuc leus . 
Processes f r o m the l o b u l a r capsule pass i n w a r d and i n s u l a t e t h e 
m u l t i n u c l e a t e cells . I n t h e y o u n g P i k e t h e m o l e c u l a r - c l o t h e d 
n u c l e i acqui re a c e l l - w a l l , become l i b e r a t e d , and c o n v e r t e d i n t o 

1 CCLXXXVII. 2 CXXI. 
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new m u l t i n u c l e a t e cells . I n o l d P i k e t h i s m u l t i p l i c a t i o n is 
a r res ted: the connect ive t issue increases i n q u a n t i t y and dens i ty , 
and the mu l t i nuc l ea t e cells are more separated f r o m each other . 
T h e connect ive tissue and t h e capsules w h i c h i t f o r m s f o r t h e 
adrenal and i t s subdivis ions , are r i c h l y supp l i ed w i t h blood-vessels. 

T h e s t ruc tu re o f the adrenals, however , is subjec t t o g rea t 
va r i a t ion w i t h i n the l i m i t s o f one and the same species i n the 
piscine class. T h e f o l l o w i n g modi f i ca t ions have been observed i n 
the Cod- f i sh 1 : 1. Y e r y r a r e l y the adrenals are e n t i r e l y absent. 
2. T h e y are s emi f lu id , v e r y vascular , n o t encased i n a capsule, 
and w i t h o u t de f ined f o r m ; the blood-corpuscles are e x t r e m e l y 
numerous, aggregated i n smal l l u m p s , and i n var ious stages o f 
t ransmuta t ion . 3. T h e y possess a p rope r capsule, b e i n g more o r 
less vascular. 4 . T h e y are s h r u n k , w i t h b u t a f e w , or w i t h o u t 
any blood-vessels. 5. N o t r a r e l y a p a r t o f an adrenal is composed 
o f cells and lobules, w h i l s t another p a r t is a formless conglomera
t i o n o f molecular par t ic les , f a t -g lobu le s , & c . 

Adrena l s are e n t i r e l y absent i n t h e H e r r i n g and i n the L a u n c e 
(Ammodytes Tobianus). 

T h e fish-like Ba t r ach i a resemble some Fishes i n t h e s u b d i v i d e d 
cond i t i on o f the adrenals ; t w e n t y or more lobu les , s h o w i n g t h e 
above-described s t ruc tu re , m a y be f o u n d p a r t l y i m b e d d e d i n t h e 
substance o f the k i d n e y , at i t s mes ia l bo rde r , p a r t l y b e t w e e n t h e 
k i d n e y and the r ena l and postcaval ve ins , s u r r o u n d i n g the coats 
o f t he ef ferent veins (Siren, Triton). I n the F r o g a n d T o a d the 
adrenals appear as a y e l l o w s t reak o n t h e s t e rna l aspect o f t h e 
k i d n e y , a r ch ing f r o m about one l i n e f r o m t h e f o r e end t o w i t h i n 
t w o l ines o f the h i n d end o f t h e g l a n d ; i t shows a l o b u l a r s t r u c 
t u r e , and surrounds the e f fe ren t e m u l g e n t ve ins , c losely a d h e r i n g 
t o or imbedded i n the coats, as t h e y leave the k i d n e y t o j o i n o r 
f o r m the postcaval v e i n . T h e lobules consist o f g roups o f m u l t i -
nuclear cells, c o n t a i n i n g a g rea te r p r o p o r t i o n o f o i l -g lobu le s t h a n 
i n F i s h e s : b u t b o t h t h e f r e e n u c l e i a n d g ranu les are present , t h e 
f o r m e r sometimes s h o w i n g stages o f deve lopement i n t o nuc lea te 
cells. T h e b lood is supp l i ed c h i e f l y b y branches o f the r e n i p o r t a l 
ve in . 

I n the Ophidia t he adrenals are l o n g , s lender , l o b u l a t e bodies , 
closely adherent to the coats o f t h e e m u l g e n t ve ins , i n advance o f 
the k i d n e y s : i n a P y t h o n o f t e n f e e t i n l e n g t h t h e y measure 
nea r ly one i n c h . T h e adrenals are r a t h e r less e longa ted i n Anguis 

fragilis. T h e adrenals are s u p p l i e d b y m i n u t e branches f r o m t h e 

1 cccxxxi. ' Fische,' p. 258. 



544 ANATOMY OF VERTEBRATES. 

aorta, and more a b u n d a n t l y b y vessels sent to t h e m f r o m the 
p lexus venosus o f the n e u r a l c a n a l ; b o t h k i n d o f vessels r a m i f y 
i n t h e i r substance, f o r m i n g a fine c a p i l l a r y n e t w o r k u p o n the 
capsules o f the m u l t i n u c l e a t e cells. T h e b l o o d is r e t u r n e d f r o m 
the r i g h t adrenal d i r e c t l y to the pos tcaval v e i n , and f r o m the l e f t 
adrenal to the cor responding e m u l g e n t v e i n . I n Lacerta ocellata, 
each adrenal is about one s i x t h o f an i n c h i n l e n g t h , and one-
e i g h t h o f an i n c h i n b read th , adherent t o t h e e m u l g e n t v e i n , 
whe re i t f o r m s the p o s t c a v a l : u p o n w h i c h the r i g h t and u s u a l l y 
the l a rge r adrenal sometimes l ies . I n t h e male L i z a r d i t is 
s i tua ted be tween t h e v e i n a n d the vas d e f e r e n s : i n t h e female , 
be tween the v e i n and the o v a r y . T h e adrenals are lobu la t ed , 
and w e l l supp l ied w i t h b lood ; t h e i r m i n u t e s t r u c t u r e is essential ly 
the same as t h a t i n Ophidia and Batrachia. 

H u n t e r l e f t prepara t ions o f t w o g l a n d u l a r bodies, w i t h a con
v o l u t e ex te r io r surface, and a homogenous pa renchyme , s i m i l a r l y 
disposed, w h i c h he ca l led ' supra - rena l g l a n d s ' o f a T o r t o i s e ; 1 

and , i n his c A n a t o m y o f a L a n d - T o r t o i s e , ' he w r i t e s , ' T h e 
capsula renal is is l a rge and flat, s i tua ted above t h e k i d n e y s : i t 
looks l i k e a- pancreas,- b e i n g ' cong lomera ted , b u t , w h e n c u t i n t o , 
appears to be a l l o f the same substance. ' 2 B o j a n u s regarded t w o 
l o n g bodies, s i tua ted a t t he i n n e r m a r g i n o f the k i d n e y s o f Emys 
europcea as the ad rena l s ; b u t , accord ing to E c k e r , t h e adrenals 
o f Testudo grceca l i e o n t h e abdomina l ( s t e r n a l ) surface o f the 
k i d n e y , imbedded i n i t s substance, e x t e n d i n g a lmos t t h e w h o l e 
l e n g t h o f the g l a n d , as i n the F r o g . 3 U n d e r the microscope t hey 
appeared as aggregates o f y e l l o w granules , each inc losed b y a 
p roper capsule, and c o n t a i n i n g n u c l e i , o i l -g lobu les , and molecu la r 
par t ic les . 

H u n t e r describes the adrenals i n the Crocod i l e as ' t w o ob long 
bodies, da rke r o n t h e i r e x t e r i o r surface t h a n i n t e r n a l l y , and i n 
some places l i t t l e y e l l o w bodies are to be seen u p o n t h e m , as i n 
the k i d n e y ; and o n the ou te r edge is a v e r y sma l l y e l l o w th read 
passing d o w n , w h i c h is c o n t i n u e d a long t h e b r o a d l i g a m e n t i ts 
w h o l e l e n g t h towards the anus. ' 4 T h i s m i g h t be t h e r e m n a n t o f 
the d u c t o f the p r i m o r d i a l k i d n e y . 

» ccJxxvn' P" 13°' P1'epS' n°S'12?7' ,278' 2 CCXXXVr" vo1- »• P- 364. 
4 ccxxxvi. vol. i i . p. 340. 
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TEGUMENTARY SYSTEM OP HSEMATOCRYA. 

§ 98. Composition of Tegument. — The tegumentary organs of 
Ver tebra tes , where t h e y do n o t happen , as i n excep t iona l instances 
or parts o f the body , t o b l e n d w i t h the pe r ios t eum o f the endo
skeleton, are denned f r o m subjacent s t ruc tures b y loose or y i e l d i n g 
connect ive t i s sue : hence the f a c i l i t y w i t h w h i c h Ver t eb ra t e s o f 
a l l classes can be ' s k i n n e d . ' T h e p a r t so r e m o v e d is the ' t e g u 
ment , ' and const i tutes the ou te rmos t o f the organs d i f f e r e n t i a t e d 
i n the course o f embryona l deve lopement f r o m w h a t has been 
t e r m e d the ' serous ' or ' a n i m a l ' l aye r o f the b las toderm. 

T e g u m e n t m a i n l y consists o f an ou te r e p i t h e l i a l l a y e r , ca l l ed 
e e p i d e r m , ' and an i nne r fibrous or areolar feyer, ca l led ' d e r m . ' 
T h e tissue o f the d e r m includes ' w h i t e fibres' and ' y e l l o w fibres.' 
T h e w h i t e element f o r m s bands o f u n e q u a l th ickness , s t r i a t ed 
l o n g i t u d i n a l l y , b u t i r r e g u l a r l y , and b r e a k i n g u p i n t o fibrils o f 
d i f f e r e n t w i d t h , the finest be ing too m i n u t e f o r m i c r o m e t r y . T h e 
w h i t e bands in ter lace i n var ious d i r ec t ions , w i t h a w a v y course, 
f r e q u e n t l y s u b d i v i d i n g , and j o i n i n g those near t h e m . T h e y e l l o w 
fibres are so l i t a ry , v e r y elastic, disposed t o c u r l , b r a n c h i n g at 
in t e rva l s o f var iable l e n g t h , and the branches , u s u a l l y as l a rge as 
the t r u n k , u n i t i n g w i t h con t iguous ones. A d r o p o f acetic ac id , 
w h i c h i n s t a n t l y swel ls t h e w h i t e bands and makes t h e m t r ans 
parent , produces no change o n t h e y e l l o w filaments.1 I n t o t h e 
de rm enter bloodvessels, absorbents , a n d nerves : i t never conta ins 
f a t . E p i d e r m consists o f e p i t h e l i a l cel ls o f eve ry f o r m — - c a u d a t e , 
tessellate, r a r e l y c i l i a t e — and i n a l l stages o f deve lopement , 
increasing i n dens i t y , h o r i z o n t a l i t y , a n d over lappingness as t h e y 
approach the ou te r surface o f t h e s k i n , and b l e n d e d w i t h p i g m e n t -
cells and p igmen t -pa r t i c l e s i n p r o p o r t i o n as t h e y are near the d e r m : 
b u t m a n y o ther par t s are specialised i n t h e t e g u m e n t a r y area o f t h e 
b las toderm t h a n those w h i c h , f r o m t h e i r g rea te r abundance a n d 
constancy, g i v e t h e charac te r t o t h e t w o best de f ined layers . 

B u l b s or pu lps o f ha i rs a n d fea thers , b o n y scutes, and fish-scales 

VOL. I . 
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—sebaceous, sudoriparous, and mucous f o l l i c l e s — m a y be developed 
i n or f r o m the d e r m : the ep ide rm m a y be condensed i n t o nai ls , 
c laws, hoofs , horns and h o r n y scales. T h e w a r m - b l o o d e d are dis
t i ngu i shed f r o m t h e cold-blooded classes b y t h e n o n - c o n d u c t i n g or 
hea t - r e t a in ing n a t u r e o f t h e supe r f i c i a l c o v e r i n g o f t h e t egumen t . 

Diagrammatic section of skin of fish. 

§ 99. Teguments of Fishes.—The s k i n i n fishes is more tensely 
s t re tched over the b o d y , and o f t e n more closely u n i t e d to the sub
j a c e n t fascia or flesh, t h a n i n o ther V e r t e b r a t e s : consequent ly i t 
en joys less m o b i l i t y . T h e cons t i t uen t fibres o f t h e d e r m or 
c o r i u m are so disposed as to g i v e i t a l a m i n a t e d s t r u c t u r e , fig. 
360 , a; t he h o r i z o n t a l l ayers b e i n g connected b y v e r t i c a l sub-
elastic fibres,1 i b . b. T h e numerous papillae or processes f r o m the 
s k i n o f the under p a r t o f t h e head o f t h e Sole (Solea vulgaris) 
g i v e i t a v i l l o u s cha rac t e r : o ther instances w h e r e t h e d e r m deve
lopes t ac t i l e papillae i n fishes are i n d i c a t e d a t pp . 3 2 6 , 4 1 1 . 

I n the L a n c e l e t t h e d e r m a l fibres are m i n u t e , and compacted 
i n t o t w o planes, one n e a r l y a t r i g h t angles t o t h e other . I n the 
L a m p r e y the d e r m consists o f t w o layers o f flattened fibres cross
i n g each other a t r i g h t angles. T h e e p i d e r m e x h i b i t s numerous 
la rge stel late p igmen t -ce l l s . I n the E e l , t he e p i d e r m is so f t and 
t h i c k , consis t ing o f m a n y layers o f cel ls , caudate a n d tessellate, 
those n e x t the d e r m s h o w i n g p i g m e n t i n s te l la r masses: the 

g r a n u l a r p igmen t - ce l l s l o o k l i k e b lack 
spots i n t h e ep ide rm. O n r e m o v i n g 
t h i s , n a r r o w o b l o n g scales, t w o l ines 
t o th ree l ines l o n g , fig. 3 6 1 , a, are seen 
imbedded i n depressions o f t h e de rm. 
T h e y consist o f a finely r e t i cu l a t e car
t i l a g e , t h e l o n g axis o f t h e meshes, 
w h i c h m a y be cells w i t h con f luen t 
w a l l s , r u n n i n g n e a r l y p a r a l l e l t o the 
con tou r o f the scale, as s h o w n i n the 

m a g n i f i e d sect ion t a k e n at t he l i n e m a r k e d i n fig. 3 6 1 , a. I n t h e 
B l e n n y (Zoarces) the s k i n presents c i r c u l a r depressions w h i c h are 

> Arduous bands ' of Clark (ccxcn, p. 148), who well distinguishes them from 
the gland-ducts perforating the skin in certain fishes, e. g., murcena. 

361 

Scale of Bel: a, nat. size, and portion 
magn. ccxcui. 



TEGUMENTS OF FISHES. 547 

due to the presence o f smal l r o u n d scales, about t h i n . d iameter , 
w i t h concent r ic and r a d i a t i n g l i n e s : t h e y are set deep i n the 
de rm. I n the Sand-eel (Ammodytes), t h e 
scales are p r o p o r t i o n a l l y l a rger , and one 
m a r g i n rises f r o m the d e r m a n d pushes o u t 
w a r d the p o r t i o n o f ep ide rm c o v e r i n g i t : t he 
de rma l depression is l i m i t e d to the opposite 
m a r g i n , and is deeper t h a n i n t h e E e l . T h e 
f r e e p a r t o f t h e scale retains the r e t i c u l a r 
s t r u c t u r e ; i n t l j £ imbedded p a r t t h e areola? 
are ob l i t e ra t ed i n the d i r e c t i o n f r o m the cent re 
t o the c i rcumference ; the r a d i a t i n g l ines preserve t h e i r dis tance, 
b u t , b e i n g u n i t e d b y cross fibres close set, the s t r uc tu r e appears 
to be l amina ted . T h e m a j o r i t y o f flexible scales present the 
same p a t t e r n o f concent r ic and r a d i a t i n g l i n e s : the concent r ic 
l ines are t h e finest, mos t numerous , a n d c o n s t a n t ; t h e y repeat 
t h e con tou r o f the scale, and w i t h most r e g u l a r i t y at t he an te r io r 
i m b e d d e d and covered p a r t , whe re g r o w t h c h i e f l y takes place, 
the stages o f w h i c h are m a r k e d b y these l ines . T h e 4 n u c l e u s ' or 
b e g i n n i n g o f t h e scale is u s u a l l y excen t r i c , fig. 3 6 2 , n. T h e r a 
d i a t i n g l ines , fig. 362 and 363 , r, r, are l a rge r and f e w e r : t h e y 
are most numerous i n the L o a c h ( Cobitis), are sometimes conf ined 
t o t h e f o r e p a r t o f the scale, fig. 363 , or m a y be absent (Salmo): 
t h e y are f u r r o w s . T h e par ts o f the sca le-margin be tween t h e 
ends o f the r a d i a t i n g l ines u s u a l l y p r o j e c t i n d i f f e r e n t degrees 
f r o m a s l i g h t c o n v e x i t y , as i n figs. 3 6 2 , 363 , t o t h e f o r m o f p r o 
cesses. T h e l a t t e r are mos t c o m m o n at the an te r io r i m p l a n t e d 
border o f the scale (Esox): i n m a n y fishes t h e opposite or f r e e 
border has numerous t o o t h - l i k e processes, and 
s imi l a r par t s m a y p r o j e c t f r o m the ad jacent 
p e r i p h e r y o f the scale i n t w o or more rows . 
S u c h scales w i t h a c o m b - l i k e f r e e border , fig. 
3 6 3 , t, character ise t h e fishes thence ca l l ed 
* c t e n o i d : ' w h e r e t h e f r e e bo rde r o f t h e scale 
is r o u n d e d o r s i m p l y u n d u l a t e d , fig. 3 6 2 , i t 
characterises t h e e c y c l o i d ' fishes o f A g a s s i z . 1 

T h e seat o f c h i e f v a s c u l a r i t y a n d greatest 
a c t i v i t y a n d v a r i e t y o f deve lopemen t is a t t he 
p e r i p h e r y o f t h e d e r m , b e t w e e n i t a n d t h e 
ep ide rm. H e r e are f o r m e d t h e scales, c o n s t i t u t i n g an i m b r i 
cate c o v e r i n g o f the b o d y i n mos t fishes ; b u t , i n a f e w , con t iguous 
or scat tered. A c c o r d i n g to t h e i r s t r u c t u r e and shape, scales are 

XXII. 
N N 2 
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t e r m e d < p laco id , ' fig. 365 , < gano id , ' fig. 3 6 4 , ' c y c l o i d , ' fig. 3 6 2 , 
' ctenoid,* fig. 363. I n the first and second k i n d s bone-ear th p redo
minates , and the scales arc as h a r d as t e e t h ; i n the t w o l a t t e r k inds 

t h e ea r th is i n less q u a n t i t y , so t h a t 
the scale is flexible: i t is r a r e l y w a n t 
i n g . T h e k i n d s o f scale graduate 
i n t o each other . M o s t flexible scales 
present t w o s t ruc tu r e s : one n e x t the 
d e r m is composed o f g r i s t l y lamina; , 
u s u a l l y firm a n d elastic, fig. 360 , c; 
t he supe r f i c i a l p o r t i o n , i b . d, is 
l a m i n a t e d and ha rdened b y i n t e r l a -

I n t h e pos te r ior o r exposed p a r t 
o f the scale o f a C a r p the re is a p e r i p h e r a l osseous l aye r , deve
l o p i n g the ou te r m a r k i n g s or p ro jec t ions o f t h e scale, fig. 360 , d; a 

m i d d l e l a m i n a t e d l aye r , w i t h 
calcareous granules , i b . e; 
a n d t h e i n t e r n a l l a y e r o f 
laminae o f s t ructure less car
t i l a g e , i b . c. 

I n t h e T u n n y (Tliynnus 
vulgaris) t h e scales are com
posed o f fine, p a r t i a l l y ossi
fied, laminae, b e t w e e n w h i c h 
are e longa ted ' lacunae ' or 

me l l a r calcareous granules . 1 

bone-cells : t he scale is cancel
lous a t i t s m i d d l e p a r t . 2 I n Le
pidosteus t he scale is t h i c k e r , 
is composed o f v e r y t h i n ossi
fied l aye r s , fig. 366 ,a , p e r f o 
r a t e d b y v e r t i c a l tubes about 
g ^ t h i n . d iameter , and h a v i n g 
numerous lacunae i n the i r 
interspaces, 3 t h e r a d i a t i n g 
canals o f w h i c h communica te 

w i t h a more m i n u t e series o f v e r t i c a l b ranched t u b u l e s , ca l led < L e -
p ic l ine ' b y t h e i r descr iber . 4 These , i n mos t g a n o i d fishes, have a 
less genera l d i s t r i b u t i o n t h r o u g h the scale t h a n t h e l a r g e r a n d less 
branched series, w h i c h , f r o m t h e i r ana logy t o d e n t i n a l tubes , I have 
cal led < plasmat ic , ' conce iv ing t h e m t o re la te to t h e n u t r i t i o n and 
v i t a l i t y o f the scale, as doubtless also do the < l e p i d i n e ' t u b u l e s i n 

Corpuscles of Mandl,' CCCIII. 
2 ocxem. vol. ii . p. 70. 

' Lenticular bodies' 
3 v. p. 14. 

of Williamson, CCXCII. 
ccxci. p. 439. 
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the parts o f the scale to w h i c h t h e y are l i m i t e d . T h e pe r iphe ra l 
surface o f the scale is coated b y a l a y e r o f h a r d t ransparen t l a m i 
nated substance, i b . b1 ( e emai l , ' A g . ; ' g a n o i n , ' c W i l k . ' 2 ) . I n Lepi
dosteus and Polypterus t he gano in is u s u a l l y conf ined to t w o - t h i r d s 
o f the outer surface o f the scale. I n b o t h e x i s t i n g Ganoids t h e 
scale is pe r fo ra ted v e r t i c a l l y b y a f e w l a rge r 
tubes, analogous t o the e vascular cana ls ' o f 
bone, and convey ing b lood f r o m the d e r m t o 
the delicate l ayer o f membrane e x t e n d i n g f r o m 
the scale-pit , fig. 360, / , u p o n the ganoin . 
I n the scales o f e x t i n c t Ganoidei a p o r t i o n 
o f the deeper l aye r o f ganoin t raversed b y 
m i n u t e b r a n c h i n g t u b u l i , and devo id o f 
lacunae, has received the name o f e k o s m i n . ' 3 structure of ganoid scales. 

. • • i? 1 CCXOUI. 
T b i s tissue const i tutes the c h i e f p a r t of t h e 
tooth-shaped bodies o f the e shagreen ' o f t h e D o g - f i s h and m a n y 
other P l a c o i d s ; i n w h i c h i t cannot be h i s t o l o g i c a l l y d i s t i n 
guished f r o m ha rd den t ine . 4 I n fig. 365 are g i v e n a side v i e w , A , 
and upper v i e w , B , o f one o f the e p laco id scales,' or sp iny tuberc les 
o f the T h o r n b a c k (Raia clavata): C is a m a g n i f i e d sect ion o f the 
scale. T h e substance o f the spine consists o f super imposed conica l 
lamellae, h a v i n g , i n the T h o r n b a c k , a w i d e l y open p u l p - c a v i t y , 
i b . p, f r o m w h i c h proceed vascular canals, r e s o l v i n g i n t o p lasmat ic 
tubes , r ad i a t i ng and r a m i f y i n g t h r o u g h t h e substance as i n o r d i 
n a r y tee th . T h e base o f the sp ine-bear ing scale, i b . b, is imbedded 
i n the d e r m ; and, as the ' havers ian cana ls ' o f the j a w pass i n t o 
the e m e d u l l a r y cana ls ' o f the t ee th there to anchylosed, so do t h e 
capil lar ies o f the d e r m pass d i r e c t l y i n t o the e v a s c u l a r ' canals 
and p u l p - c a v i t y o f the d e r m a l den t ine i n a l l t he var ious f o r m s o f 
p laco id scales, m a n y o f w h i c h have a coa t ing o f t r u e 1 g a n o i n ' 
ove r the fine-tubed den t ine or * k o s m i n . ' O t h e r modi f i ca t ions o f 
the dermoske le ton , such as t h e p lacoganoid and acanthoganoid , 
are no t i ced a t pp . 193-198 , and i l l u s t r a t e d i n figs. 124-127 . 

T h e ca lc i f i ca t ion o f scales, as o f t ee th , fig. 2 4 2 , and bone, fig. 
15 , takes place i n l ayers o f the organic basis successively f o r m e d : 
b u t the p r i m i t i v e l amel la te c o n d i t i o n is mos t conspicuous i n fish-
scales. T h e idea o f exc re t ion , or the t h r o w i n g o u t o f such layers 
f r o m a secre t ing surface , is , howeve r , as inadequate t o represent 
t h e fac ts o f t h e f o r m a t i o n and s t r u c t u r e o f the exoske le ton as o f 
the endoskele ton o f fishes.5 

1 X X I I . vol. i . p. 74. 2 ccxci. p. 438. 8 Ib. p. 444. 4 v. p. 14. 
5 The microscopical observations on the structures of recent and fossil teeth, with 

incidental notices of corresponding organisation in ossified scales, communicated by 
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T h e va r i ed and o f t e n b r i l l i a n t colours o f fishes are due to 
p igment -ce l l s at d i f f e r e n t depths o f the s k i n , b u t c h i e f l y i n the 
act ive or d i f f e r e n t i a t i n g a rea : those o f s i l v e r y a n d g o l d e n lus t r e 
are m o s t l y o n t h e surface o f t h e scales : t h e s i l v e r y p i g m e n t , ca l led 
e a rgent ine , ' is an a r t i c l e o f commerce , used f o r the c o l o u r i n g o f 
f ac t i t i ous pearls, and offers a c r y s t a l l i n e character u n d e r the 
microscope. T h e b lue , r e d , g reen , or o ther b r i g h t - c o l o u r e d p i g 
m e n t is u s u a l l y associated w i t h fine o i l , a n d occupies areola? 
f a v o u r i n g accumula t i on at , or r e t r ea t f r o m , the superf ic ies , and 
thus e f f ec t ing changes i n t h e colours o f t h e fish, h a r m o n i s i n g 
t h e i r ex t e r io r w i t h t h e hue o f the b o t t o m o f t h e i r h a u n t . 1 

T h e surface o f t h e b o d y is l u b r i c a t e d i n mos t F ishes b y 
mucus , sometimes, as i n the E e l a n d B u r b o t , f o r m i n g a t h i c k 
layer . T h e s k i n o f the E e l is p e r f o r a t e d b y numerous ducts 
or fo l l i c l e s , w h i c h c o n t r i b u t e t o t h i s e x c r e t i o n . 2 I n t h e P i k e the 
scattered ducts no tch the border o f the scales, near t h e i r t e r m i n a 
t i o n : one series o f fo l l i c l e s represents t h e l a t e r a l l i n e , as i n the 
E e l . I n most Fishes the f o l l i c l e s o f the l a t e r a l r o w are connected 
b y a l o n g i t u d i n a l canal , o f w h i c h t h e y appear t o be b ranches ; more 
p a r t i c u l a r l y so i n those species ( D o r y , O p a h ) i n w h i c h the fo l l ic les 
are p roduced i n t o secondary tubes , a n d open at some distance 
f r o m , u s u a l l y beneath, the l a t e r a l canal . I n t h e Mugil cephalus 
there are several l a t e r a l canals, g i v i n g o f f t h e f o l l i c l e s w h i c h 
t u n n e l the scales i n t h e i r o u t w a r d course. T h e l a t e r a l canal 
i t s e l f so m a r k s the scales a long w h i c h i t r u n s , i t s f o l l i c u l a r out lets 
p e r f o r a t i n g t h e m . T h e ' n e r v u s l a t e r a l i s ' sends a filament to 
each scale-fol l ic le or t u n n e l ; 3 t he cephal ic sys tem o f w e l l - n e r v e d 
mucous canals excavates o d d l y supe r f i c i a l bones o f the head i n 
m a n y Teleostomi:4 t h i s system is no t i ced i n Plagiostomi, a t p . 225. 
T h e nervous s t ruc tu re connected w i t h t h e sys tem o f the l a te ra l 
l i n e suggests a s t imu lus t o ac t ive e x c r e t i o n f r o m emo t iona l causes, 
as i n the sk in-glands o f B a t r a c h i a . 

§ 100. Teguments of Reptiles.—The d e r m i n Batrachia presents 

me to the meeting of the British Association in August 1838, and to the Academy of 
Sciences, Institute of France, December 1839, established the ' conversion-theory,' and 
compel any one attempting to revive the ' excretion theory' to substitute a definition of 
the process wholly different from that to which De Blainville and other supporters of the 
theory held in 1838-9. Prof. Williamson, who has pursued microscopical investigations 
into the scales of recent and fossil fishes with perseverance and success, affirms the facts 
which he brought forward (ccxci. p. 437) ' to be, at least, sufficiently conclusive to 
settle the question, by showing that, whilst the scales are formed, as originally stated 
by M. Agassiz, by the apposition of successive layers, these layers are not generated 
by any process of secretion, but by the calcification of an organised basis, resembling 
that of bones and teeth, as asserted by Prof. Owen.' 

1 cexcrv. p. 327. 2 ccxen. 3 Leydig (CCLXXVII. p. 203, fig. 108) describes 
it as ending in a kind of ganglion. 4 ccciv. p. 171. 
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a lamel la te s t ruc tu re , fig. 368 , g, l i k e t ha t o f Fishes , b u t w i t h the 
d i r ec t ion o f the fibres, i n succeeding layers , more r e g u l a r l y a l te r 
n a t i n g . I n most par ts o f the t r u n k o f the A n o u r a the s k i n is 
separated b y w i d e l y m p h a t i c lacunae, fig. 367 , F , f r o m the subcuta
neous fascia, i b . E. M a r s u p i a l pouches, one f o r each l a r v a , i b . B , C , 
are t empora r i lydeve loped i n 
the s k i n o f the back o f the f e 
male Pipa: a common dorsal 
pouch f o r eggs and larvae is 
present i n the female Noto-
trema marsupiatum, G n t h . , 
a n d i n Opisthodelphys. T h e 
ep iderm i n P e r e n n i b r a n c h i -
ates resembles t h a t o f m u -
raenoid F i s h e s : i n most A-
noura the cons t i tuen t nuc le 
ate cells are more condensed, 
fig. 368 , b: i n m a n y Toads 
the ep ide rm is t u b e r c u l a t e ; 
r a r e l y are scales, and scutes 
never , present i n the ex is t 
i n g Batrachia. I n Ccecilia 
t h e s k i n is r i n g e d b y t rans
verse rugae. I n the A m e r i 
can N e w t s , o f the genus 
Plestiodon, the smal l scales 
present a r e t i cu la t e s t ruc 
t u r e . I n Bufo tuberosus the ep ide rm f o r m s o n t h e dorsal t u b e r 
cles a h o r n y spine i n the cen t re , su r rounded b y a r i n g o f 
smal ler spines: Bufo asper has conica l sp ine-bear ing tuberc les 
o n t h e back and sides o f the t r u n k : those o n the u p p e r eye
l ids o f ce r t a in Toads have earned f o r t h e m t h e gener ic name 
Ceratophrys (Rana cornuta, L i n n . ) . I n Salamandra unguiculata, 
and i n Dactylethra among the Toads , the e p i d e r m is condensed 
i n t o a c l a w at the end o f some o f the d i g i t s : i n D. Mulleri i t 
also f o r m s a spur a t t h e base o f the first h ind - toe . I n Pipa the 
s k i n is p roduced at the end o f each fo re - toe i n t o a 3- or 4 - f o r k e d 
appendage, fig. 367 . A s a r u l e , t he Batrachia are w i t h o u t c laws. 
P i g m e n t - c e l l s , fig. 368 , a, are developed i n var ious degrees, a n d 
o f d iverse shades o f co lour , c o m m o n l y o f a d u l l a n d n e u t r a l or 
m i x e d t i n t , b u t g i v i n g to par ts o f the s k i n o f the l a n d Salamander 
a y e l l o w or orange hue , and p a i n t i n g the surface o f the T r e e -
F r o g (Hyld) a b r i g h t po l i shed green . 
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368 

M u c o u s fo l l i c l e s abound i n t h e s k i n o f a l l t he Batrachia : t h e y 
are f o u n d i n l inea r rows i n par ts o f the S i r e n : 1 are more genera l ly 
d i f fu sed i n the A x o l o t l . 2 I n the F r o g t h e y are sphero ida l , 3 f i g . 
368 , d, or subdepressed, 4 s i tua ted i n the superf ic ies o f t h e d e r m , c; 
t h e i r ducts pe r fo ra te the e p i d e r m , h, a n d t e r m i n a t e b y r o u n d e d 5 

or t r i r a d i a t e 6 o r i f ices , i b . B . L i k e t h e l a t e r a l canals o f Fishes , 
t h e y u sua l ly con ta in a clear fluid, w h i c h t h e y e x p e l o n i r r i t a t i o n 
o f t h e i r ne rve , i b . f . 7 T h i s fluid, i n t h e N e w t s a n d Toads, 

appears t o possess an ac id or 
i r r i t a t i n g p r o p e r t y . A s to rk w i l l 
s w a l l o w a f r o g , b u t re jects a toad, 
i f p i c k e d u p b y mis take . T h e 
cutaneous f o l l i c l e s are more loca l 
ised i n the l a n d Salamander, 
and t h e i r secret ion is w h i t i s h and 
opake, o f an a c r i d n a t u r e , and 
p o u r e d o u t a b u n d a n t l y w h e n the 
a n i m a l is a l a rmed or i r r i t a t e d . 
T h e cutaneous f o l l i c l e s are n u 
merous a n d close-set i n the 
A m e r i c a n N e w t s o f t h e genera 
Ambystoma a n d Plethodon, i n 
w h i c h t h e y exude a m i l k y fluid.8 

Specia l aggregates o f cutane
ous fo l l i c l e s occur i n most 
Batrachia. I n t h e l a n d Sala
mander t h e y f o r m a porous 
tube rc l e b e h i n d each eye. I n 
m a n y A n o u r a t h e homologous 
g l a n d u l a r tuberc les ( ' p a r o t o i d s ' 
o f G i i n t h e r 9 ) are conspicuous 

above the t y m p a n u m (Alytidcs, Bufonidce) : t h e y are enormous i n 
Bufo agua, and are s i tua ted on each side o f the neck i n Uperoliidce. 
I n Bufo calamita, besides the o r d i n a r y paro to ids , there is a s imi la r 
g l a n d u l a r tube rc le o n the uppe r side o f t h e legs. T h e s k i n o f 
t h e back i n Kalophrynus is t h i c k and g l a n d u l a r , l i k e a pa ro to id . 
I n Hylarana t h e s k i n has tAvo g l a n d u l a r f o l d s , one o n each side o f 
the back , u s u a l l y o f a w h i t e co lour . Platymantis plicifera has 
several pairs o f such l o n g i t u d i n a l fo lds or r i d g e s . 1 0 I n Polypedates 

» xx. vol. iii. p. 277, prep. no. 2108. 2 CCLXXIX. tav. ii. fig 7 * ccxcv taf 
i i . ng. 10. « ib. fig. 7. * ib. fig. 2. « i b . fig. 3 . 7 I b . ( 6 8 4 1 ) ; c l v i ; 

ccxcvi. p. 281. • Printed by mistake • paratoid' in his excellent Catalogue. 
1 0 CLXXV. p. 96, pi. VIII. fig. B. ° 

Section of tegument and cutaneous glands of 
the Prog, magnified, ccxov. 
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a g l andu la r f o l d curves f r o m above the t y m p a n u m to the a x i l l a or 
shoulder. 

T h e s k i n takes an i m p o r t a n t share i n r e sp i r a t ion i n t h e 
A n o u r o u s B a t r a c h i a , 1 a n d there is a r e l a t i o n o f ' s u p p l y and 
d e m a n d ' be tween the cutaneous fo l l i c l e s and t h e la rge a l lan to ic 
b l a d d e r : the l a t t e r w o u l d seem t o receive w a t e r d i r e c t l y b y t h e 
cloaca, w h e n the F r o g m a y be i n t h a t e lement , and t o serve as a 
reservoir f o r the supp ly o f cutaneous t r a n s p i r a t i o n w h e n t h e 
ba t rachian is on d r y l a n d . 2 

T h e epiderm is pe r iod i ca l ly shed i n Batrachia. I t comes a w a y 
i n shreds i n the aquat ic k i n d s . I n the T o a d the o l d e p i d e r m 
spli ts a long the m i d d l e l i n e o f b o t h back a n d b e l l y , and each 
la te ra l h a l f is w r i g g l e d o f f i n fo lds towards the sides. I t is t h e n , 
b y contor t ions o f the t r u n k and l i m b s , loosened f r o m the h i n d -
l i m b s , and removed f r o m t h e m b y the a n i m a l b r i n g i n g first one and 
t h e n the o ther l eg f o r w a r d unde r the a r m , w h e n , b y w i t h d r a w i n g 
the h i n d - l e g , i t s cu t i c le is l e f t u n d e r the f o r e - l e g . T h e t w o 
por t ions are n o w pushed f o r w a r d to the m o u t h , b y t h e he lp o f 
w h i c h the an te r ior ex t remi t ies are also d ives ted o f t h e i r cu t i c l e . 
T h e who le mass is finally pushed b y the hands i n t o the m o u t h , 
and swa l lowed at a s ingle g u l p . T h e n e w cu t i c l e is b r i g h t , so f t , 
and covered w i t h a colourless m u c u s . 3 

I n . Serpents the ep iderm is shed, u s u a l l y e n t i r e , and the a n i m a l , 
p a r t i a l l y b l i n d f o l d e d b y the opac i ty o f the l aye r passing over t h e 
cornea, fig. 220 , c, seeks an obscure r e t r e a t ; b u t I have w a t c h e d 
t h e process o f e x u v i a t i o n i n a cap t ive snake. I t r u b s t h e f r o n t 
and sides o f the m o u t h against i t s p r i son w a l l , t hus de t ach ing and 
r e f l e c t i n g the cu t i c l e f r o m the o r a l m a r g i n , u n t i l i t is t u r n e d back 
f r o m over the w h o l e head : t he snake t h e n b r i n g s f o r w a r d i t s t a i l 
a n d coils i t t ransverse ly r o u n d the head, and b y p u s h i n g the head 
t h r o u g h the c o i l t u r n s t h e cu t i c l e back u p o n the n e c k ; t h e n 
t i g h t e n i n g the c o i l and r e n e w i n g the f o r w a r d movemen t , t h r e a d i n g 
the b o d y , as i t w e r e , t h r o u g h the cauda l r i n g , t h e cu t i c l e is 
pushed f u r t h e r and f u r t h e r back u n t i l t he evers ion has been 
ca r r i ed so near the end o f the t a i l as p revents the f u r t h e r ac t i on 
o f t he c o i l ; t h e a n i m a l finally gl ides a long d r a g g i n g b e h i n d the 
w h o l e o f the loosened ep ide rm, and a f e w w r i g g l i n g act ions o f t h e 
t a i l serve t o comple t e ly detach i t . T h u s , the en t i r e ou te r s k i n o f 
t h e snake m a y be f o u n d shed and t u r n e d ins ide o u t , t he process o f 
e x u v i a t i o n b e i n g l i k e the t u r n i n g o f f a s t o c k i n g f r o m t h e l e g a n d 
f o o t . T h e w h o l e o f the exuv i ab l e e p i d e r m i n Ophidia has been 
condensed i n t o the f o r m o f scales: these are s m a l l and p r e t t y 

1 ccxcvn. 2 lb. 3 coxcvin. vol i . p. 102. 
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r e g u l a r i n size and shape a long the back and sides o f the b o d y ; 
b u t are la rge and t ransverse ly ex tended across t h e u n d e r pa r t , 
f o r m i n g w h a t are t e r m e d t h e * v e n t r a l scutes, ' e scuta v e n t r a l i a , ' 
t he use o f w h i c h i n l ocomot ion is exp la ined at p . 259 . A l l or 
most o f the scutes b e l o w the t a i l ( f scuta sub -cauda l i a ' ) are s ingle 
i n Crotalus, Bungarus, Boa; i n Python, t he Coluhridce, a n d most 
o ther serpents t h e y are ' pa i r ed , ' or d i v i d e d a long t h e m i d d l e l i ne . 
I n mos t sea-snakes the abdomen is compressed a n d kee led b e l o w ; 
i n Pelamys t he k e e l is borde red b y t w o r o w s o f scales ; i n Hydro-
phys i t is f o r m e d b y la rge b i t u b e r c u l a t e scales; Platurus has the 
ven te r scutate, w i t h the cauda l scales i n pa i rs . L a r g e r scales 
occur i n the head o f most serpents, and serve as zoologica l cha
racters , b e i n g denned as e scuta m a r g i n a l i a l a b i i super ior i s seu i n -
f e r i o r i s , ' e s c u t u m labia le m e d i u m , ' e scuta m e n t a l i a , ' e scuta ocular ia , ' 
f scuta f r ena l i a , ' e scuta nasalia, ' & c . T h e scales o f serpents m a y 
be smooth or car inate , t h e y are r a r e l y t u b e r c u l a t e (dorsa l scales o f 
Xenodermus); and i n t h e i r d i spos i t ion t h e y m a y be e i ther ' con
t i g u o u s , ' o r 6 imbr i ca t e . ' 

T h e ep ide rm is condensed i n t o c laws or hooks ( ' c a l c a r i a ' ) upon 
the r u d i m e n t s o f h i n d l i m b s t h a t bo rde r the v e n t : these are best 
seen i n Boa, Python, Eryx, Tortrix; i t is deve loped i n t o smal l 
horns above the eyes i n Vipera cerastes. I n t h e Ra t t l e snake the 
ep ide rm f o r m s a series o f h a r d moveable r i n g s a t t h e end o f the 
t a i l , t w e n t y to t h i r t y i n n u m b e r i n f u l l - g r o w n specimens, 
decreasing i n size t o the end o f t h e series. T h e t e r m i n a l (3 to 8 ) 
cauda l vertebra? coalesce i n t o a l o n g con ica l bone , covered b y 
t h i c k , sof t , vascular d e r m , d i v i d e d b y t w o deep a n n u l a r grooves 
i n t o three t ransverse s w e l l i n g s : t h e basal r i n g o f one j o i n t grasps 
the p r o j e c t i n g second r i n g o f t h e p r e c e d i n g j o i n t , a n d th i s 
incloses the t h i r d r i n g o f the j o i n t n e x t b u t one i n advance. 
Since the second r o u n d e d annu la r p o r t i o n o f each j o i n t is thus 
securely grasped b y the first r o u n d e d a n n u l a r p o r t i o n o f t h e piece 
b e h i n d i t , and the t h i r d b y the second, and y e t a l l o f t h e m so 
loosely as to leave r o o m f o r m o t i o n , i t has been supposed t h a t 
w h e n the foremost piece has been comple ted , a n d a n e w piece i n 
advance is about t o be f o r m e d , the s k i n w h i c h is t o secrete i t is so 
m o d i f i e d t h a t i t s first s w e l l i n g , w h i c h secreted the first p r o j e c t i o n 
o f t h e f o r m e r piece, assumes t h a t shape a n d size w h i c h are 
accommodated to the shape and size o f the second p r o j e c t i o n o f 
the n e w piece, w h i l s t t he second s w e l l i n g w h i c h secreted the 
second p r o j e c t i o n o f the piece takes the d imensions su i t ed to 
the t h i r d p r o j e c t i o n o f the f u t u r e n e w r i n g . T h e basal p ro j ec t i ons 
o f t he successive r ings are c h i e f l y v i s ib l e e x t e r n a l l y , o n l y t h e first 
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r i n g has a v i t a l connec t ion w i t h the d e r m : i t is caused t o v i b r a t e 
b y the muscles o f the t a i l , and i t s v i b r a t i o n communicates a 
q u i v e r i n g m o t i o n , accompanied b y a r a t t l i n g noise, t o the d r y 
h o r n y pieces b e h i n d i t . 1 

T h e p igment -ce l l s are m o s t l y combined w i t h t h e ep ide rma l 
ones t o f o r m t h e deeper layers o f the scales, and o rnamen t the 
s k i n o f snakes w i t h var ious and sometimes b r i l l i a n t colours . T h e 
poisonous serpents are m o s t l y o f a sombre hue. T h e p e r i p h e r y o f 
the d e r m is mode l l ed accord ing t o t h e p a t t e r n , con t iguous o r i m 
br icate , o f the ep ide rm, the scales o f w h i c h are evo lved the reupon . 
T h e blood-vessels f o r m a b e a u t i f u l and r e g u l a r n e t w o r k , the area 
corresponding w i t h t h e shape o f the scales, b e i n g lozenge-shaped, 
e. g . i n Coluber natrix2 w i t h the u n i t i n g angle a t t he centre o f 
each scale. 

T h e s k i n o f the snout developes t en tacu la r appendages i n Her-
peton tentaculatum. T h e i n t e g u m e n t i n t h e Cobras (Naja) 
expands i n t o a b road f o l d o n each side t h e n e c k : t h e fo lds are 
suppor ted b y co r respond ing ly e longated r i b s , p . 5 5 , fig. 4 6 , pi.; 
w h e n these are d r a w n f o r w a r d an ova l disc o f s k i n is caused, sur
passing the head i n b read th , and usua l ly rendered more conspicuous 
b y w e l l - d e f i n e d t racts o f p i g m e n t . T h e name o f 1 spectacle-
snake ' re fers t o the pa i r o f c i r c u l a r spots connected b y a c u r v e d 
s t reak on the hood o f t h e Naia tripudians. 

T h e secret ing fo l l i c l e s o f the s k i n i n Serpents are c h i e f l y c o n 
fined t o ce r t a in depressions or i n v e r t e d fo lds o f the de rm. These 
i n Crotalus and Trigonocephalus cons t i tu te a p i t b e t w e e n t h e 
n o s t r i l and eye on each side o f the head. T h e h i n d e r scutes o f 
the l o w e r l i p have p i t s i n Python Schlegelii; as have those o f b o t h 
l ips i n Python amethystinus. I n Amphisbcena alba and i n Chirotes 
t he re is a r o w o f pores i n f r o n t o f the ven t . 

T h e s k i n i n most L a c e r t i a n s resembles t h a t o f Se rpen t s : t h e 
scales are t h i c k e n e d ep ide rm or h o r n ; i n mos t i m b r i c a t e , i n a 
f e w (Zonosaurus, V . der H . ) v e r t i c i l l a t e ; u s u a l l y smooth , b u t 
i n some car ina te , and i n some t u b e r c u l a t e o r g i b b o u s : i n a f e w 
t h e y suppor t a spine a t c e r t a i n par ts o f t h e b o d y , as, e. g . t h e 
caudal scales o f Zonurus, b o t h dorsal a n d caudal scales o f Tr -
bolonotus, the c i r c u m t y m p a n i c scales o f Agama, t h e o c c i p i t a l 
scales o f Phrynosoma, and scat tered dorsa l and l a t e r a l scales i n 
the A u s t r a l i a n Lacerta muricata o f W h i t e . B o n e is deve loped 
at the base o f t h e scale f o r m i n g p a r t t he reo f , o r c o m b i n i n g scute 
and scale, i n Ophisaurus, Tribolonotus, Trachysaurus. I n t h e 
Chameleons t h e scales are sma l l and t h i n , l i k e g ra ins . T h e 

1 ccxcix. p. 294, pi. xi i . 2 xx. vol. i i i . p. 241. 
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p i g m e n t a l sys tem o f t h e s k i n is r e m a r k a b l y deve loped i n th i s 
f a m i l y : i t is o f var ious c o l o u r s — r e d , b l u e , y e l l o w , b r o w n ; each 
co lour is l odged i n con t r ac t i l e areolar spaces, and can be accu
m u l a t e d near or w i t h d r a w n f r o m t h e surface. W h e n t h e Chame
leon is k e p t l o n g i n a co ld d a r k place a l l t he p i g m e n t subsides 
i n t o the d e r m , the super f i c i a l pale g r e y co lour o f w h i c h appears 
t h r o u g h the t h i n ep ide rm. W h e n b r o u g h t i n t o t h e l i g h t and 
w a r m t h the p igment s flow t o t h e surface , i n h a r m o n y w i t h the 
colour o f t h a t on w h i c h the a n i m a l rests, w h i c h u s u a l l y i n th i s 
arboreal r e p t i l e is green. I f , h o w e v e r , t h e Chameleon be i r r i 
t a t ed , the co lour m a y change to a v inous r e d , or deepen almost to 
b l a c k : c o m m o n l y the surface is more or less m o t t l e d , g r e y , y e l l o w 
and green. These phenomena, w h i c h have made a p r o v e r b o f 
t h e Chameleon, are mani fes ted i n a m i n o r degree b y some other 
Rep t i l e s , b y most F ishes , and b y Cephalopods. 

T h e i n t e g u m e n t , besides c o v e r i n g the sur face o f the body , 
extends, i n m a n y L a c e r t i a n s , f r o m va r ious pa r t s , i n d i f f e r en t 
f o r m s and degrees. I n Basiliscus and Histiurus calotes i t fo rms a 
compressed f o l d or crest a long the m i d l i n e o f the back and t a i l . 
I n Crocodilurus t he t a i l has a doub le crest a b o v e : i n Phyllurus 
platurus t he l a t e r a l expansions o f the s k i n o f the shor t t a i l g i v e i t 
a leaf-shape. I n Hoplurus and Tropidurus cyclura t h e s k i n o f the 
t h r o a t is f o l d e d t ransverse ly : i n Agama t he t ransverse f o l d is asso
cia ted w i t h a l o n g i t u d i n a l f o l d beneath the u n d e r j a w . T h e j u g u l a r 
f o l d is l o n g i t u d i n a l and pendulous , l i k e a d e w l a p , i n Iguana, 
Corythophanes, and Semiophorus. I n Cklamydosaurus a v e r y 
b road transverse f o l d o f s k i n extends f r o m above each t y m p a n u m 
across the l o w e r p a r t o f the n e c k : i t is p a r t l y s u p p o r t e d and 
m o v e d b y m u c h e longated cera to- and t h y r o - h y a l s , a n d can be 
expanded and b r o u g h t f o r w a r d or erected, so as to g i v e a f o r m i d 
able aspect t o th i s L i z a r d , w h e n i t is a t t a cked or a l a rmed . 

I n the smal l insect ivorous Draco volans o f Linnaeus a b road 
f o l d o f s k i n , on each side o f the b o d y , fig. 163 , is suppo r t ed b y 
five pairs o f slender e longated f r e e r i b s , fig. 5 0 , b y t h e m o v e m e n t 
o f w h i c h the fo lds can be expanded i n t o a sor t o f parachute , as 
exp la ined at p . 265 . T h e special m o d i f i c a t i o n o f t h e t e g u m e n t 
o f the toes i n the Geckos is descr ibed at p . 2 6 3 , fig. 162 . I n 
the e x t i n c t P te rodac ty les s t i l l more ex tens ive d u p l i c a t u r e s o f s k i n 
w e r e suppor ted on a m u c h e longa ted d i g i t , a n d c o n s t i t u t e d t r u e 
w i n g s , as i n the Ba t s , p . 265 , fig. I l l , A . I n m a n y L i z a r d s , on 
the inside o f the t h i g h , the re is a r o w o f t u b e r c u l a t e p e r f o r a t e d 
scales, beneath each o f w h i c h l ies a peduncu la t e g l a n d , s tudded 
w i t h m a r g i n a l f o l l i c l e s : t he presence and p o s i t i o n o f these c p o r i 
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f e m o r a l e s ' a f f o r d gener ic characters. T h e y are w a n t i n g i n t h e 
Chameleons. C e r t a i n male Geckos have b o t h f e m o r a l and sub-
anal pores. I n Pyyopus lepiclopodus the subanal pores are d is 
posed i n a s ingle series, b u t i n Lialis i n pairs , on each side. 

I n the Crocodilia t he convers ion o f par ts o f t h e i n t e g u m e n t i n t o 
bone is constant , and the osseous s t r u c t u r e shows in t e r l aced or 
crossing f ibres , l i k e t h a t o f the d e r m i n and f r o m w h i c h t h e 
scutes are developed. T h e arrangements and f o r m s o f these 
scutes i n d i f f e r e n t genera o f recen t and foss i l Crocodilia are 
described at pp . 198, 199. A s i n Fishes , the dermoskele ton was 
most developed i n the e x t i n c t secondary species. I n m o d e r n 
Crocodiles a serra ted crest extends above the t a i l , w h i c h d iv ides 
at the base o f t h a t organ . 

A section o f the dorsal i n t e g u m e n t o f Trionyx ferox shows a 
t h i n ep iderm, t h e n a t h i c k e r l aye r o f elastic fibres, n e x t m a n y 
layers o f fibres crossing each o ther r e g u l a r l y , a n d p r o d u c i n g 
seeming layers o f the de rm. I n Sphargis a super f i c i a l p o r t i o n o f 
the d e r m is ossified, so as t o f o r m a k i n d o f g i r d l e t o the t r u n k , 
beneath w h i c h is a f e l t o f so f t c o r i u m , and u n d e r t h i s t h e endo
skeleton. I n a l l o ther Chelonia the d e r m adheres t o the pe r ios teum 
o f ce r t a in neu ra l spines and pairs o f p l e u r - and haem-apophyses, 
whence ossif icat ion extends i n d i f f e r e n t degrees i n t o the substance 
o f the de rm. I n most Chelonia a series o f bones are developed 
independen t ly i n the d e r m , at the c i r cumference o f the t r u n k , 
and also above ce r t a in n e u r a l spines, w i t h w h i c h t h e y m a y or 
m a y no t become anchylosed . 1 

T h e d e r m a l bones connate w i t h n e u r a l spines are those above 
the nine dorsal vertebrae, figs. 370 , 3 7 1 , ch, s\-ss : t h e y are 
t e r m e d ' n eu ra l plates. ' T h e d e r m a l bones connate w i t h p l e u r a 
pophyses are those w h i c h t ake oss i f ica t ion f r o m near the heads o f 
the second to the n i n t h , i nc lus ive o f t h e dorsal r i b s , i b . ph-pte. 
T h e de rma l bones connate w i t h haemapophyses are those w h i c h 
s ta r t f r o m the s te rna l or a b d o m i n a l r i b s , or coalesced g roups o f 
r ibs , figs. 3 7 2 , 373 , ca l l ed h y o s t e r n a l , hs, h y p o s t e r n a l , ps, a n d 
x i p h i s t e r n a l , xs. Occas iona l ly , oss i f ica t ion extends i n t o the s k i n 
f r o m the entos ternal , s (JEmyda ceylonensis), a n d f r o m the e p i -
sternals, es. (Cryptopus Peter six). T h e d e r m a l bones are least 
developed i n the Trionycidce, and are n o t covered b y h o r n y e p i 
derm. ( N e u r a l ' a n d e c o s t a l ' plates are present i n a l l . O n e 
pa i r o f de rma l bones is developed f r o m the hyos te rna ls i n Trionyx 
subplanus; i n Trionyx niloticus a n d some o ther species d e r m a l 
bones are developed f r o m t h e h y o - , h y p o - and x i p h i - s t e r n a l s , t h e 

1 CLXII . p. 165. 
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hyo- and hypo-sternal plates on each side being naturally united 
together; i n Emyda ceylonensis d e r m a l bones are deve loped f r o m 
the ep i - , h y p o - and x iph i - s t e rna l s , a n d f r o m t h e en tos te rna l or 
s t e r n u m proper , f o r m i n g seven p ieces : t h e s k i n o f t h e h inde r 
m a r g i n o f the b road depressed t r u n k is s t r eng thened i n Emyda 

sio m a 

Inner surface, Carapace, young Tortoise. Outer surface, Carapace, young Tortoise. 

by a few dermal ossicles; much of the skin of the trunk, where 
n o t ossified, i n Trionycidce, has the d e r m a l t issue o f ca r t i l ag inous 
hardness. 

I n the T u r t l e s , or m a r i n e Chelonia, besides t h e e i g h t connate 
n e u r a l plates , fig. 5 2 , si-ss ( p . 6 1 ) , d e r m a l bones are developed 
i n advance o f and b e h i n d t h e m , and are c o m m o n l y una t t ached 
to the subjacent vertebra?. T h e an t e r io r one, i b . ch, is t he 
e n u c h a l ' p l a t e : t he poster ior one, i b . py, is t h e ' p y g a l ' p la te ; 
t he costal plates, ph-ph, a r t i c u l a t e s u t u r a l l y w i t h t h e n e u r a l 
plates , b u t do n o t ex t end to t h e end o f t h e r i b s ; t h e m a r g i n a l 
plates, m\-m\2, are a r t i c u l a t e d w i t h each o the r a n d w i t h t h e 
n u c h a l and p y g a l plates s u t u r a l l y , and e i g h t o n each side rece ive 
the ends o f the e igh t r i b s s u p p o r t i n g the costal plates. T w o 
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pairs o f de rma l bones are developed f r o m the h y o - and h y p o -
sternals, fig. 53 , hs and ps: b u t these do n o t a r t i cu la te w i t h the 
m a r g i n a l series. I n F r e s h w a t e r and L a n d Tortoises the d e r m a l 
ossifications spread f u r t h e r , u n i t i n g a l l t h e par ts o f the p l a s t ron 

Outer surface, plastron, young Tortoise. Inner surface, plastron, young Tortoise. 

into one more or less flat floor, and all the parts of the carapace 
i n t o one more or less convex roof , fig. 5 1 ; s ide-wal ls b e i n g l i k e 
wise n o w f o r m e d b y the u n i o n o f the h y o - and hypo-s te rna l s 
w i t h the coextensive m a r g i n a l plates. I n a l l Che lon ia , save t h e 
Trionycidce and Sphargis, the ep ide rm o f the t r u n k is condensed 

i n t o la rge h o r n y scales, u s u a l l y con t iguous , more r a r e l y i m b r i c a t e , 
and t h e n o n l y o n the carapace. T h e y m a y be kee led , o r r u g o u s , 
or scabrous, b u t are c o m m o n l y smooth and po l i shed , o r m a r k e d 
o n l y b y concent r ic l ines o f g r o w t h . T h e i r g r o w i n g m a r g i n s 
i nden t the d e r m a l bones s u p p o r t i n g t h e m , f o r m i n g the t r i r a d i a t e 
grooves, e. g . u p o n the beg inn ings o f t h e costal plates i n t h e 
y o u n g Tor to i s e , fig. 370 , ph, a n d those m a r k e d s\-s5 o n t h e 
neu ra l and costal plates i n t h e T u r t l e , fig. 5 2 . T h e l a rge e p i 
de rma l plates o f t h e carapace a n d p l a s t r o n are t e r m e d c s h i e l d s ' 
and * t o r t o i s e - s h e l l : ' mos t o f t h e m have special names i n Z o o l o g y , 
as t h e y a f f o r d u s e f u l characters i n t h e d i s c r i m i n a t i o n o f genera 
and species; w h i l s t t he impressions t h e y leave u p o n t h e sub jacen t 
bones g i v e s i m i l a r l i g h t i n t h e i n t e r p r e t a t i o n o f fos s i l r emains , 
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a f t e r the h o r n y shields themselves have per ished. T h e ep ide rm 
is disposed u p o n the head i n var ious f o r m s : i n most f r e s h w a t e r 
Chelonia i t is a con t inuous t h i n h a r d l a y e r o n the t o p a n d sides o f 
the h e a d : i n mar ine and t e r r e s t r i a l Chelonia i t is u s u a l l y i n the 
f o r m o f l a rge plates, l e a v i n g m a r g i n a l impress ions o n t h e s k u l l , 
and d i s t inguished b y special names : t h e y are m o r e s y m m e t r i c a l i n 
Chelone t h a n i n Testudo. T h e s k i n o f the neck and o f the l imbs 
is covered b y s m a l l con t iguous scales: some o f these are o f 
l a rge r size o n par ts o f the fee t . T h e e p i d e r m is t h i c k e n e d and 
condensed i n t o a beak i n a l l Chelonia, a n d i n t o c laws i n most. 
I n Sphargis, howeve r , t he c laws are rep laced b y s m a l l coriaceous 
scales: i n Chelone o n l y one d i g i t o n each f o o t suppor ts a c l a w : 
i n Caretta t w o d i g i t s , and i n Trionycidce t h r ee d i g i t s , suppor t 
c l a w s : i n some Tortoises (Testudo) t he re are f o u r c laws on 
each f o o t : i n most Tortoises and T e r r a p i n s (Emys) t he re is an 
add i t iona l c law on t h e f o r e - f o o t : i n t h e h e a v y L a n d Tortoises 
the claws assume the f o r m o f hoofs. T h e e p i d e r m o f the t a i l is 
u sua l l y w r i n k l e d , a n d covered o n l y b y s m a l l scales: i n the 
Snapper (Chelydra) i t supports a r o w o f h a r d compressed 
tubercles ; i n some Tor to i ses t h e e n d o f t h e t a i l has a t h i c k 
ep idermal sheath, w h i c h , i n the male Cinosternon, is a r m e d w i t h a 
p o i n t e d t i p . 

T h e la rge i m b r i c a t e plates o f the carapace o f Chelone have t h e i r 
f o r e border imbedded i n a m a t r i x o f the d e r m , a n d here receive 
t h e i r c h i e f increase, t he o lder par ts m o v i n g b a c k w a r d , and be ing 
w o r n off . T h e plates w i t h con t iguous borders rece ive increase 
a t t h e i r under surface a n d en t i r e c i r c u m f e r e n c e ; the concent r ic 
l ines o f g r o w t h m a y be m a r k s o f a n n u a l i n c r e m e n t : 1 b u t these 
u s u a l l y show a grea te r r a t i o o f g r o w t h a t t he f r o n t a n d sides t h a n 
at t he back T h e o l d and d u l l s u p e r f i c i a l l a y e r is w o r n a w a y , or 
t h r o w n o f f f r o m t i m e t o t i m e , l e a v i n g t h e res t o f t h e e p i d e r m a l 
shie ld o f a b r i g h t c o l o u r : t he smooth or scaly e p i d e r m o f the 
l in ibs and neck is u s u a l l y shed en t i r e . 

T h e s k i n o f the neck developes fimbriate processes a n d 
caruncles i n Chelys fimbriata : t h a t o f the nose is p r o d u c e d i n t o a 
shor t snout i n most Trionycidce. 

T h e deeper s t r a t u m o f sof t , u s u a l l y i m b r i c a t e , e p i t h e l i a l cel ls 
o f t he ep ide rm are i n t e r m i x e d w i t h p i g m e n t a l ce l l s , m o s t l y d a r k 
b r o w n or b l a c k ; abundan t p igmen t -pa r t i c l e s are also suspended 
i n an o i l y fluid, o c c u p y i n g areolar spaces o f t h e deep e p i d e r m , 
and u sua l ly o f the b r i g h t e r y e l l o w , r e d , or g r e e n colours . S u c h 

1 As conjectured by Agassiz, ccc. vol. i. pt. ii. p. 259. 
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p i g m e n t a l cells are b lended w i t h the tissue o f the shields and 
scales, and m a y o rnamen t t h e f o r m e r w i t h w e l l - m a r k e d pa t t e rns , 
e.g. i n Testudo areolata, Emys ornata, Emys picta, & c . 

Cutaneous glands or fo l l i c l e s open be tween t h e w a r t s o f the 
s k i n i n Chelydra, and p r o b a b l y occasion t h e i r m u s k y o d o u r : b u t 
th i s , i n other Chelonia, appears to be due t o l a rger , more c o m 
pact , and more localised glands. B e n e a t h the ep ide rm o f the 
s k i n o f the under p a r t o f the body , i n the S o f t - T u r t l e s , is an 
extensive n e t w o r k o f vessels, spreading i n t o dend r i t i c r a m i f i c a 
t ions , too numerous and large f o r the mere n u t r i t i v e purposes o f 
the s k i n or supp ly o f ep i the l i a l cells , and the re fo re p r o b a b l y 1 

subservient to resp i ra t ion . 
V i e w i n g the i n t egumen t s i n t h e i r re la t ions t o the e x t e r n a l 

influences f r o m w h i c h t h e y defend the b o d y , and b y w h i c h t h e y 
are themselves affected, w e m a y r e m a r k t h a t most o f the house-
bea r ing B e p t i l e s w h i c h have the surface o f t h e i r abode h a b i t u a l l y 
i n contact w i t h a i r or w a t e r have the ep ide rm h a r d and t h i c k , 
w h i l s t those l i v i n g i n ooze or m u d have i t so f t and t h i n . I n the 
sea the h o r n y scutes m a y be p a r t i a l l y loosened, and g r o w over 
one ano the r : i n the a i r t h e y condense u p o n the surface w i t h t h e 
marg ins i n con tac t : i n the m u d the s k i n is l u b r i c o u s : the o n l y 
k n o w n scaleless species o f mar ine habi ts (Sphargis coriacea) has 
the t e g u m e n t t o u g h and lea thery . I n the most vag ran t and w i d e l y 
d i f f u s e d T u r t l e (Chelone imbricata) the separat ion o f the scales 
takes place a t a p a r t o f t h e i r c i r cumference , w h i c h makes t h e 
d i r e c t i o n o f i m b r i c a t i o n the most f avou rab l e to t h e i r aquat ic 
movements . G r o w i n g and p r o j e c t i n g f r o m before b a c k w a r d , the 
one i n f r o n t ove r l app ing the n e x t b e h i n d , the po l i shed shields 
o f fe r no resistance to the f o r w a r d m o v e m e n t impressed u p o n t h e 
body b y the oar-shaped l i m b s ; w h i l s t t he scuta l interspaces, 
w i d e n i n g as the t r u n k tends to recede d u r i n g t h e p r e p a r a t i o n f o r 
the n e x t s t roke , oppose t h e b a c k w a r d s l i p p i n g , a n d t a k e h o l d , so 
to speak, u p o n the w a v e , r e t a i n i n g t h e advantage o f one s t roke 
u n t i l the n e x t is p l ayed . 

1 As conjectured by Agassiz, ccc. vol. i. pt. ii. p. 284. 
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C H A P T E R X . 

PECULIAR AND DUCTLESS GLANDS. 

§ 101. Scent-glands of Reptiles. — The Chelonia, like most 
Rep t i l e s , have scent-glands, w i t h pe r iod ica l access o f a c t i v i t y , 
enab l ing and e x c i t i n g , as i t seems, the sexes t o find each other at 
the p a i r i n g season. I n Tor toises the g l a n d , fig. 373 , a, is s i tuated 
beneath the s k i n o f the m e n t u m ; i t s d u c t , b, i n a Testudo indica 
o f t w o fee t l o n g , opens about an i n c h a n d a h a l f b e h i n d the 
symphysis o f the mand ib l e , and about h a l f an i n c h f r o m the 

mesial l i ne . I n the T u r t l e t h e glands excre te a t t h e base o f the 
n e c k ; i n the K i n o s t e r n o n a g l a n d is s i tua ted near the f o r e and 
h i n d marg ins o f the s ide-wal ls , u n i t i n g the carapace a n d p l a s t r o n : 
the d u c t perforates the bone, and opens b y a fine s l i t i n t h e w a l l . 

I n the Crocodilia a sma l l sinus is f o r m e d b y an i n w a r d f o l d o f 
i n t e g u m e n t near the i n n e r side o f the m a n d i b u l a r r amus , i n t o 
w h i c h sinus opens the d i l a t ed d u c t o f a g l a n d , w h i c h is su r rounded 
b y a muscle , detached f r o m the back p a r t o f the p h a r y n x , and 
proceeding a long the ou te r side o f the ce r a tohya l t o e x p a n d u p o n 
the g l a n d and reservoi r . 1 C u v i e r 2 describes i t s contents as b e i n g 
unc tuous , o f a d a r k g r e y co lour , w i t h a s t r ong m u s k y odour . 

1 xx. vol. i i i . p. 272; prep. no. 2106. 2 X I I . torn. v. p. 252 (1805). 
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T h e Crocodiles have g l a n d u l a r f o l l i c l e s , w h i c h open a t the 
anus. H u n t e r preserved e a sect ion o f the s k i n o f a T u r t l e 
(Chelone), t o show a g l a n d s i tua ted near i t s anus . ' 1 T h e r e is a 
g landula r fossa w h i c h opens i n t o the dorsal p a r t o f the cloaca, 
close to the t e r m i n a t i o n o f the r e c t u m i n most E m y d i a n s . 

T h e anal bags i n Serpents are t w o i n n u m b e r , o f an elongate 
f o r m , fig. 357 , m: t hey are lodged i n the base o f the t a i l , and 
open i n t o the back p a r t o f the c loaca : t h e i r e x c r e t i o n has a 
s t rong , disagreeable, nauseat ing odour . 

§ 102. Poison-glands of Reptiles.— T h e g l a n d w h i c h secretes 
the poison i n o rd ina ry venomous Serpents is s i tua ted o n each side 
the head, anter ior t o the t y m p a n i c pedic le , inclosed i n a s t r o n g 
capsule, fig. 145, a ( p . 2 2 7 ) , and p a r t l y 
covered b y the muscle analogous to 
the masseter, i b . e, some o f t h e fibres 
o f w h i c h , fig. 374 , a, are a t tached to 
the capsule, i b . I. O n r e f l e c t i n g these, 
as i n fig. 374 , the g l and , i b . c, is seen A 
composed o f a series o f e longated 
n a r r o w lobes, e x t e n d i n g f r o m the m a i n 
duc t at the l ower border o f the g l a n d 
u p w a r d and backward . E a c h lobe Poison apparatus of the Viper (Vipera 
gives o f f a series o f lobules , w h i c h are 
aga in subdiv ided i n t o smaller caeca. T h e i r secret ion is co l lec ted 
i n t o the d i la ted b e g i n n i n g o f the d u c t w h i c h conveys i t to the base 
o f the poison-fang, f ; the b r i s t l e e passes f r o m the d u c t i n t o the 
poison-canal o f the f a n g , the s t r u c t u r e o f w h i c h is descr ibed, pp . 
3 9 6 - 3 9 8 : the gum-capsule , d, o f t h e reserve-fangs , g, is l a i d open. 
I n Hydrophis the poison-gland is o f smal le r size, n a r r o w , e longate , 
broadest beh ind , and ex tended u p o n the m a x i l l a r y a n d ecto
p t e r y g o i d bones, i n advance o f the masse te r : i t s capsule is 
at tached to the tendinous t r a c t ( p . 2 2 8 ) detached f r o m the 
digastr icus and e c t o p t e r y g o i d : i t s d u c t enters the fo remos t o f the 
series o f f o u r to s ix smal l f angs a t tached to the m a x i l l a r y . T h e 
bi te o f these i n f e r i o r l y endowed venomous Sea-Snakes has p r o v e d 
f a t a l : t h e y are said to occasional ly c l i m b a long the hawser i n t o 
ships at a n c h o r ; and as t h e y m a y be d r a w n i n , adhe r ing to i t b y 
t he i r prehensi le t a i l , or be c a u g h t i n the fishing-net and h a u l e d 
on board , i t is w e l l t h a t t h e i r dangerous p r o p e r t y shou ld be 
k n o w n . 

T h e secret ion o f t h e po i son-g land is a tasteless fluid, d r y i n g 
under exposure to a i r i n t o s m a l l scales: i t is so luble i n w a t e r , 

1 xx. vol. i i i . p. 279, prep. no. 2130. 
o o 2 
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inso lub le i n a lcohol , a n d s l i g h t l y reddens l i t m u s p a p e r : i t l o n g 
retains i t s nox ious p r o p e r t y . A g a i n s t t h i s t h e mucous surface o f 
the a l i m e n t a r y t r a c t is p r o o f : t he po ison , t o t ake e f fec t , m u s t 
enter the c u r r e n t o f the b lood . H e r e i t is o r d i n a r i l y i n t r o d u c e d 
b y the p u n c t u r e o f the po i son- fang , b u t i t takes e f fec t b y appl ica
t i o n t o an abraded surface. T h e poison affects t h e nervous 
s y s t e m ; dea th is u s u a l l y preceded b y spasmodic convuls ions , and 
f o l l o w e d b y speedy p u t r e f a c t i o n . 

§ 103. The Thyroid Body or Gland of Hamatocrya.— I n the 
Skate (Raia) t he b o d y w h i c h seems t o have best c l a i m to be 

r ega rded as a t h y r o i d is s i tua ted sternad 
o f t h e t e r m i n a l d i v i s i o n o f t h e b ranch ia l 
a r t e r y , o f a r edd i sh -g rey co lour and con
g lomera te e x t e r i o r . I t consists o f nume
rous , m o s t l y subspher ica l , vesicles, o f f r o m 
~6T t o TxJ m c n d iamete r , fig. 375 , hav ing 
a s t ructure less t u n i c , A , l i n e d b y a th i ck 
s t r a t u m o f e p i t h e l i a l substance, consist
i n g o f n u c l e i a n d g r a n u l a r ma t t e r , B . D r . 
H a n d f i e l d Jones , w h o has g i v e n the above 
r e s u l t o f microscopica l i nves t iga t ion o f this 
ductless g l a n d , also f o u n d , i n the Skate, 
e a t some distance b e h i n d i t , j u s t a t the 
j u n c t i o n o f the b r a n c h i a l arches an te r io r ly , 
a smal l l i g h t r edd ish mass, w h i c h was 

covered b y a t h i n fasc ia , and b y mucous m e m b r a n e . ' 1 I t consisted 
c o f vesicles abou t y-i-g to y ^ - i n c h diameter , ' fig. 376 , 1 f o rmed 

b y a s t ructureless " l i m i t a r y " 
t u n i c , t h i c k l y l i n e d b y epi thel ia l 
substance, a n d con ta in ing abund
ance o f n u c l e i and g r anu l a r matter , 
w i t h a f e w cells. T h e pseudo
b ranch ia , s i tua ted o n the anterior 
w a l l o f the sp i racular canal, is 
m a n i f e s t l y o f e n t i r e l y d i f fe ren t 
s t r u c t u r e to t h e organs described. 
I t consists o f s m a l l plica? o f mucous 
m e m b r a n e , covered b y a k i n d of 
pavemen t e p i t h e l i u m . ' 2 

t h y r o i d is represented b y t w o 
s y m m e t r i c a l bodies, s i tua ted a t the sides o f the basibranchials . 

1 CCLXXXIX. p. 1110. 2 Ib.. and see oxtv r. o-n ... 
thyroid nature of the pseudo-branchUe 1 D f o l -fishes'" ' ° ' ^ * t h e n ° n " 

Vesicle from thyroid of Skate. 
CCLXXXIX. 

Vesicle from accessory thyroid of Skate, diam. 
cjL in. CCLXXXIX. 

I n the M e n o b r a n c h u s the 
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I n the F r o g t h e y l i e on the carot ids , also close t o the bas i 
branchials , or t h y r o h y a l s . 

I n a Python o f t e n fee t i n l e n g t h the t h y r o i d was an ova l b o d y , 
t en l ines b y six l ines i n the t w o diameters , l odged i n the f o r k 
made b y the divergence o f the la rge a n d smal l carot ids , and 
h a v i n g the smaller t h y m u s bodies, one On each side. 

I n the t r u e L i z a r d s (Lacerta) the t h y r o i d is s ingle , b u t broader 
t h a n i t is l o n g ; i n the M o n i t o r i t is d o u b l e : i t is s ingle i n Geckos , 
Skincs , and Chameleons, b u t has a more advanced pos i t ion i n t h e 
l a t t e r , where i t is under lapped, or covered, b y the l a r y n g e a l pouch . 

I n Chelonia the t h y r o i d , as i n Serpents , lies b e t w e e n the t w o 
carotids, b u t is u sua l ly covered b y the pe r i ca rd ia l p a r t o f the 
t hymus . T h e const i tuent vesicles are f r o m J6- to i n c h d iameter , 
closely aggregated : the ep i the l i a l l i n i n g conta ins a r o w o f n u c l e i 
imbedded i n the g ranu la r substance, fig. 
278. A m o n g the contents o f the vesicles 
were f o u n d , i n m o s t , c one to three y e l l o w 
i sh , coarsely g ranu la r globules , t o 
Yo^oo- i f t c h diameter . ' e A fine la rge oc to-

Portion of the wall of « vesicle from 
hedra l c rys ta l was also seen i n one o f the the thyroid of a Tortoise, CCLXXXIX. 
cavi t ies . ' 1 

§ 104. The Thymus Body or Gland of Reptiles.—The ductless 
g l a n d - l i k e tubu lo-ves icu la r body to w h i c h the name ' t h y m u s ' 
can, w i t h any homologica l p r o b a b i l i t y , be g i v e n makes i t s first 
appearance i n the V e r t e b r a t e series w i t h t h e es tabl ishment o f 
lungs as the m a i n or exclus ive r e sp i r a to ry o r g a n . 2 T h u s i n Siren 
and Proteus the t h y m u s is w a n t i n g , as i n a l l F i s h e s : i n t a i l e d 
Batrachia (Menopoma, Triton) i t is represented b y a p a i r o f 
bodies s i tuated, one on each side, near t h e o r i g i n o f t h e p u l m o n a r y 
a r t e ry . T h e y make t h e i r appearance near t h e same p a r t , b u t 
r a the r more i n advance o f the p e r i c a r d i u m , i n t h e larvae o f 
anourous Ba t r ach ia , and o f t e n degenerate i n t o f a t i n the o l d F r o g 
or Toad . I n most Ophidia t he t h y m u s lies o n each side o f t h e 
ca ro t id , o f elongate f o r m and u n e q u a l s ize : sometimes i n t w o o r 
more d i s t i nc t par ts : u s u a l l y associated w i t h , and concealed b y , 
f a t t y mat te r . I n a P y t h o n o f t en f ee t i n l e n g t h I f o u n d t h e 
t h y m u s i n t w o bodies, each about the size o f a pea, o f a y e l l o w i s h 
co lour , one s i tuated on the t e r m i n a t i o n o f t h e r i g h t j u g u l a r , t h e 
o ther be tween the o r i g i n o f the l a rge r c a r o t i d and t h e l e f t j u g u l a r . 
B e t w e e n the t h y m u s bodies was t h e m u c h l a r g e r s ingle t h y r o i d . 
I n the Psammosaur and I g u a n a the t h y m u s is b r o a d and flat, 
covers s t e r n a l l y the t h y r o i d , extends a long the c o m m o n t r u n k o f 

1 CCLXXIX. p. 1100. 2 CXVIII. 
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the carotids, and divides to accompany them a short distance. In 
the y o u n g C r o c o d i l e 1 the t h y m u s is r e l a t i v e l y l a rge r , t h i c k e r , 
sub t r ihed ra l , e x t e n d i n g b a c k w a r d u p o n the p e r i c a r d i u m , as w e l l 
as f o r w a r d a long the carotids to the basis c r a n i i . I n y o u n g 
Chelonia an elongate body , o f a y e l l o w i s h w h i t e co lour , lies 
be tween the ca ro t id and a x i l l a r y t r u n k s o n each side : i t presents 
la te ra l cavi t ies , denned b y l i m i t a r y membrane , and c o n t a i n i n g 
nuc l e i , o i l -drops , and fine molecu la r ma t t e r . I n o lder Chelonia i t 
seems to degenerate i n t o f a t . 

§ 105. Reproducible Parts in Hcematocrya.— O n e ef fec t o f l i f e 
is the r ep roduc t i on o f the par ts o f the b o d y as t h e y pass away 
t h r o u g h unf i tness f o r the r e q u i r e d a c t i o n s : th i s m a i n l y takes 
place mo lecu l a r ly and i n v i s i b l y ; b u t par ts o f the i n t e g u m e n t , hairs, 
t ee th , ant lers , m a y be cast o f f en masse, and r ep roduced o n a scale 
w h i c h catches the o r d i n a r y a t t e n t i o n as a n e w g r o w t h . Ce r t a in 
animals have the f a c u l t y o f r e p r o d u c i n g organs a n d compound 
parts o f the b o d y w h i c h m a y have been r e m o v e d b y v io l ence : 
amongst Ver tebra tes the p r o p e r t y is greatest i n the cold-blooded 
series; and here, so f a r as e x p e r i m e n t y e t shows, is most conspi
cuous i n the t a i l ed species and larvae o f the ba t r ach ian order . I n 
the N e w t ( Triton) t he t a i l , ampu ta t ed a t a n y distance f r o m the 
base, is r e p r o d u c e d : the same w i t h respect t o t h e f o r e - l i m b and 
h i n d - l i m b , the reproduced member h a v i n g t h e d i g i t s , b u t w i t h 
d imin i shed power o f movement . T h e same m e m b e r has been, i n 
y o u n g N e w t s , r emoved and res tored f o u r t imes successively. I n 
the exper iments recorded b y B o n n e t , 2 i t was f o u n d t h a t w a r m t h 
p romoted , and co ld r e t a rded , t h e r egene ra t ion o f the pa r t . A n 
eyeba l l o f a N e w t was e x t i r p a t e d , and , i n t h e course o f a year , i t 
was res tored w i t h the usua l organisa t ion . D u m e r i l c u t o f f about 
t h r ee - fou r th s o f the head o f a Triton marmoratus, a n d deposited 
the an ima l a t t he b o t t o m o f a l a rge vessel, h a v i n g h a l f an inch 
dep th o f wa t e r , w h i c h was cons t an t ly r enewed . T h e N e w t con
t i n u e d to l i v e , and to move s l o w l y . T h e nos t r i l s , t h e tongue , the 
eyes, and the ears were gone, and the senses r educed t o t h a t o f 
t ouch . I t c rep t s l o w l y , and D u m e r i l imagines c a u t i o u s l y , about , 
occasionally r a i s i n g the neck to the surface , as i f t o b rea the . T h e 
process o f c ica t r i sa t ion at l e n g t h c o m p l e t e l y closed the ape r tu re o f 
r e sp i ra t ion and d e g l u t i t i o n : and so i t s u r v i v e d f o r t h ree months 
a f t e r the opera t ion , w h e n i t d i e d f r o m acc identa l neglec t . T h i s 
expe r imen t exempl i f ies ch i e f ly the p o w e r o f endurance o f m u t i l a 
t i o n , and, co l l a t e r a l l y , the r e sp i r a to ry f u n c t i o n o f t h e s k i n . I n 

1 I have not had an opportunity of examining this structure in a full-grown speci
men of Crocodilian. a ccci. torn. xi . pp. 62-179. 
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the y o u n g larvae o f Rana temporaria and Bombinator. igneus, D r . 
G i i n t h e r cu t o f f the t a i l , and i t was reproduced before the t i m e 
w h e n i t s absorp t ion n o r m a l l y commences : i t was t ransparen t and 
colourless, a smal l q u a n t i t y o f p i g m e n t b e i n g deposi ted at i t s roo t 
o n l y . e Larvae f r o m f o u r t e e n to t w e n t y days o l d d i d no t s u r v i v e 
the loss o f the ent i re t a i l , p r o b a b l y because t h e y are disabled f r o m 
o b t a i n i n g the requis i te f o o d ; b u t i f o n l y a p o r t i o n o f the t a i l be 
c u t of f , i t is more or less comple t e ly reproduced u n t i l i t s g r o w t h 
is arrested b y the commencement o f the last stage o f m e t a m o r 
phosis. I f a h i n d l i m b be c u t o f f w h e n the l a r v a is abou t t w o 
l ines l o n g i t is reproduced. N o p a r t o f an A n o u r o u s B a t r a c h i a n 
is reproducib le a f t e r comple t ion o f the metamorphos is , n o t even 
the i n t e r d i g i t a l w e b . ' 1 

I n Reptilia the power o f loca l r e p r o d u c t i o n has been e x e m p l i f i e d 
ch ie f ly i n respect o f the ta i ls o f L i z a r d s . H u n t e r ' s p repara t ions , 
nos. 2 2 0 8 - 2 2 2 3 , are a l l f r o m th i s o rder , and i n c l u d e species o f 
Ameiva, Gecko, and t r u e Lacerta. N o instance o f the res tored 
t a i l shows ossified vertebrae, and some e x e m p l i f y the t endency t o 
greater a b n o r m a l i t y i n the reproduced pa r t . A s t r u c t u r e o f t h e 
n o r m a l caudal vertebrae, r e la ted appa ren t ly to t h i s p r o p e r t y , is 
no t i ced at p . 59 : the caudal muscles, b y t h e i r p ropo r t i ons and 
i n t e r l o c k i n g ar rangement , seem l ikewi se to f a v o u r the r u p t u r e o f 
the t a i l . W h e n i t is cast of f , i t cont inues to w r i t h e f o r some 
t i m e , and , w h e n these mot ions have ceased, exempl i f i e s t h e r e f l ex 
f u n c t i o n on b e i n g p r i c k e d or o therwise i r r i t a t e d . 

T h e degree i n w h i c h the r ep roduc t i on o f par ts is e x e m p l i f i e d 
i n Fishes awaits the resul ts o f exper iments . V a n der H o e v e n 2 

af f i rms t h a t parts o f the fins are restored a f t e r a m p u t a t i o n , and 
t h a t the power is l i m i t e d to th i s ex ten t . A m p u t a t i o n o f the 
smal l adipose dorsal fin has, however , served to m a r k an i n d i v i d u a l 
Sa lmon f r o m i t s ' p a r r ' state to t h a t o f the e g r i l s e ; ' 3 and i t appears 
tha t o n l y the pe r iphe ra l ( d e r m o n e u r a l or dermohaemal) r ays are 
r ep roduc ib le , and to th i s the h a r d ones i n A c a n t h o p t e r a n s f o r m 
an except ion . 1 T h e m o d i f i e d dermoneura ls f o r m i n g the cephal ic 
tentacles o f Lophius and Antennarius are as f r e q u e n t l y r e p r o 
duced as t h e y are i n j u r e d , to meet the p a r t i c u l a r use w h i c h these 
a n g l i n g fishes make o f t h e m : t h e y m a y be observed i n e v e r y 
stage o f g r o w t h . L o s t parts o f fins appear to be more easi ly 
r ep roduced i n y o u n g t h a n i n o l d fishes.'4 

1 MS. Notes by Dr. A. Giinther. 2 cccv. vol. ii. p. 52. 
3 cccxxxiv. ' The wound caused by marking was covered with skin, and in some 

a coating of scales had formed part.' Page 5. 4 MS. Notes by Dr. A. Giinther. 



ANATOMY OF VERTEBRATES. 

C H A P T E R X I . 

GENERATIVE SYSTEM OF HSEMATOCRYA. 

§ 106. Male Organs of Fishes.—All Fishes are dioecious, or of 
d i s t i nc t sex. T h e male par ts o f genera t ion present a progressive 
g rada t ion o f c o m p l e x i t y f r o m the essential g l a n d , or test is , as a 
s ingle o rgan d i s t ingu ishab le o n l y b y microscopic examina t i on o f 
i t s contents f r o m an o v a r i u m , to a more d e f i n i t e and concentra ted 
f o r m o f testis w i t h complete b i p a r t i t i o n ; t h e n to the developement 
o f a proper duc t or c vas deferens, ' n e x t o f a ves icu la seminalis 
and prostate , a f t e rwa rds o f an i n t r o m i t t e n t o rgan , and finally o f 
superadded c claspers,' or mechanica l i n s t r u m e n t s f o r r e t en t ion 
o f the female in coitu. I n Petromyzon marinus t he test is is a 
l o n g t h i n pla te , disposed i n the f o r m o f a series o f fo ld s , closely 
at tached b y a dup l i c a tu r e o f the p e r i t o n e u m to the m e d i a n l i n e o f 
the back o f the abdomen, b e t w e e n the k i d n e y s ; the ex tens ion o f 
the ove r l app ing ob l ique fo lds to the r i g h t and l e f t o f the l i n e o f 
a t tachment f e e b l y indicates the d u p l e x character o f t h e g l a n d . 1 

I t s tissue consists o f smal l spher ica l cells filled w i t h spermatozoa, 
fig. 402 . These escape, by dehiscence o f t h e cells and r u p t u r e 
o f the per i tonea l c o v e r i n g , i n t o the a b d o m i n a l c a v i t y , and are 
expe l led b y rec iproca l pressure o f t h e i n t e r t w i n e d sexes f r o m the 
per i tonea l out le ts a t t he cloaca. T h e E e l c losely resembles the 
L a m p r e y i n the genera l f o r m and c o n d i t i o n o f the male o rgans ; 
b u t the r i g h t and l e f t sides o f the p l i c a t ed test is are more d i s t inc t , 
and the spermatic cells are more numerous and m i n u t e . 

T h e S a n d - E e l (Ammodytes)'1 has a s ingle test is , compacted i n to 
an elongated t r i e d r a l f o r m , and impressed b y a m e d i a n l o n g i t u d i n a l 
fissure: i t u sua l ly inc l ines a l i t t l e t o the r i g h t side. I n t h e P e r c h 
the single testis inc l ines to the l e f t : i n the B l e n n y a n d t h e L o a c h 
i t l ies i n the m i d d l e l i ne . I n these osseous fishes t h e g l a n d u l a r 
pa r t o f the testis is inclosed i n a p rope r fibrous capsule, w h i c h is 
con t inued f r o m the poster ior end o f the g l a n d , w i t h i t s serous 
cove r ing , i n t o a shor t and s imple spe rm-duc t , o r < vas deferens , ' 
w h i c h opens u s u a l l y i n t o , or receives, t h e u r e t h r a l p r o l o n g a t i o n 
o f t he u r i n a r y b ladder . I n the G u r n a r d the testes, fig. 3 7 8 , a, 

' xx. vol. iv. p. 48, prep. no. 2373. * Ib. p . 49, prep. no. 2378. 
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Eenal and male organs : 
Trigla lyra, Cams 

are d i s t i nc t f r o m each o ther , b u t t h e i r c vasa d e f e r e n t i a ' a lmost 
immed ia t e ly u n i t e i n t o a common duc t , e, w h i c h j o i n s the u r e t h r a , 
c, beh ind the r e c t u m , h, and t e rmina tes a t t h e 
ou t le t , g. I n the Sa lmon and the H e r r i n g t h e 
c vasa d e f e r e n t i a ' do n o t u n i t e toge ther u n t i l 
near t he i r t e r m i n a t i o n i n the u re th ra . I n the 
Cod and the B u l l - h e a d (Cottus) the c o m m o n 
p o r t i o n o f the e f fe ren t d u c t is m u c h d i l a t e d : 
i t fo rms a saccular seminal reservoi r i n the 
Sole. T h e canal c o m m o n to the u re t e r and 
vas deferens is o f g rea t l e n g t h i n the S t u r g e o n : 
a valve prevents the r e g u r g i t a t i o n o f the u r i n e 
i n to the spermatic duc t . T h e u r e t h r a is u s u a l l y 
produced i n t o a pap i l l a , w h i c h pro jec ts con
spicuously f r o m the back pa r t o f the cloaca i n 
the v iv ipa rous Pcecil ia, Anab l eps , and B l e n n y : 
i t is la rge also i n the L u m p - f i s h . T h e testes are a lmos t 
e n t i r e l y ex t ra -abdomina l i n the F l o u n d e r and some o ther Pleu-
ronectidce, ex t end ing b a c k w a r d i n t o a k i n d o f concealed s c r o t u m 
be tween the in teguments 
and muscles o n each side 
above the anal fin. T h e 
testes d i f f e r m u c h i n f o r m 
i n d i f f e r e n t Osseous Fishes , 
b u t are r emarkab le i n a l l 
f o r t h e i r enormous seasonal 
increase: w h e n f u l l y deve
loped , t h e y are c o m m o n l y 
k n o w n as the c m i l t ' o r ' so f t 
roe. ' I n Gymnotus t h e y are 
t w o ob long t r i e d r a l bodies, 
a t tenua ted at b o t h ends. 
I n the Pipe-f ishes (Syn-
gnaihi) t h e y present t h e f o r m 
o f t w o s imple e longated 
s t r a igh t tubes , fig. 4 2 7 , 
g3.1 I n the L u m p - f i s h e s 
(Cyclopteri) t h e y are d i 
v i d e d b y incis ions i n t o 
l o b e s : i n the C o d a vast 
e x t e n t o f the vascular sur 

face o f the g l a n d u l a r substance is packed i n t o a s m a l l c o m 
1 xx. vol. iv. p. 48, prep. no. 2375. 
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pass, b y be ing disposed i n convo lu t ions u p o n the edge o f the 
c inesorch ium. ' T h e p r i m i t i v e spermat ic cel ls , w h i c h are per 
sistent i n the Cyclos tomes , have coalesced i n t o tubes ( t u b u l i 
s e m i n i f e r i ) i n Osseous F i s h e s ; the tubes open a t one end i n the 
w i d e and sometimes saccular commencement o f the vas deferens, 
and t e rmina t e at t he o ther , e i ther b y b l i n d f r e e ex t r emi t i e s or 

b y r e t i cu la t e anastomoses. 1 I n the H e r r i n g , Shad, 
and other C lupeo ids , t he secern ing tubes r a m i f y 
and anastomose i n the substance o f t h e tes t ic le , 
and f r o m th i s p l e x u s , fig. 3 7 9 , t h e i n i t i a l caeca 
are p ro longed to t h e surface o f t h e g l a n d , where 
t h e i r obtuse b l i n d ends g i v e a g r a n u l a t e d appear
ance to the ex te r io r . 

I n the Plagios tomes the testes, figs. 352 , k, 
380 , a, are a lways d i s t i n c t f r o m one another , and 
u sua l ly o f a c i r c u m s c r i b e d compac t f o r m , s i tuated 
f a r f o r w a r d i n the a b d o m i n a l c a v i t y . T h e y have 
a proper capsule, or e t u n i c a a lbug inea , ' and a 
pe r i tonea l c o v e r i n g ; the capsule sends m a n y ' septa' 
i n t o the substance o f t h e g l a n d , a n d t h e lobes thus 
f o r m e d consist c h i e f l y o f t h e t u b u l i test is , and 
t h e i r expanded c e l l - l i k e e x t r e m i t i e s , filled w i t h 
the spermatozoa : the convo lu t ions o f t h e c t u b u l i ' 
are p l a i n l y d iscernib le i n t h e p o r t i o n o f t h e testis 
o f t he B a s k i n g S h a r k (Selache maxima) preserved 
i n the H u n t e r i a n M u s e u m , L o n d o n , p rep . no. 
2396 , A . 2 N u m e r o u s e vasa e f f e r e n t i a ' convey 

the 1 s e m e n ' to the b e g i n n i n g o f the ' vas d e f e r e n s , ' 3 w h i c h f o r m s 
a la rge ' ep id idymis , ' fig. 380 , b, b y i t s m a n i f o l d convo lu t ions . 
These g r a d u a l l y decrease as the d u c t , i b . e, approaches t h e cloaca, 
w h e n i t becomes s t r a igh t , and expands i n t o an e longa ted reservoir , 
i b . f , t he mucous surface o f w h i c h is c o m m o n l y increased b y 
numerous t ransverse plicae, as i n Spinax and Selache. B e h i n d 
the t e r m i n a t i o n o f the r e c t u m t h e ' vasa d e f e r e n t i a ' suddenly 
d i m i n i s h , app rox ima te , communica t e w i t h t h e u re t e r s , a n d t e r 
m i n a t e u p o n the cloacal penis , fig. 3 5 2 , o. T h i s is h a r d l y v i s i b l e , 
and the testes are v e r y s m a l l , except a t t he b r e e d i n g season, i n 
the P i k e d D o g - f i s h (Spinax). 

T h e claspers are present i n the Chimaeroid F i shes as w e l l as i n 
the Plagiostomes. T h e y p ro j ec t b a c k w a r d , as appendages t o the 
bases o f the anal fins, and are sometimes b e n t i n w a r d a t t h e i r 
f r ee ex t remi t i es , figs. 3 5 2 , q, 3 8 0 , m. N e a r t h i s p a r t m a y be 

2 xx. vol. iv. p. 52 3 cxxxiv. 

ex t remi t i es , n ^ 
1 cxxii . p. 105. 
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discerned a fissure, w h i c h is the o u t l e t o f a b l i n d sac, e x t e n d i n g 
f o r w a r d f r o m the base o f the clasper, benea th the muscles and 
s k i n , at the sides- o f the cloaca. T h e i nne r surface o f the c a v i t y 
is smooth, and l u b r i c a t e d b y a fluid m u c u s : the a t tached vascular 
surface is r i c h l y suppl ied w i t h vessels, especial ly w i t h v e i n s : i n 
the Rays a g l andu la r body adds i t s secret ion to t h a t o f the surface 
o f the cav i ty . 

§ 107. Female Organs of Fishes.— T h e gradat ions o f s t r u c t u r e 
o f the female organs correspond v e r y c losely 
w i t h those o f the male. I n the y o u n g L a m 
prey the o v a r i u m is a s imple l o n g i t u d i n a l m e m 
branous pla te , fig. 3 8 1 , c, suspended b y a f o l d 
o f the pe r i toneum (mesoar ium) a long the under 
p a r t o f the ve r t eb ra l c o l u m n : i t increases i n 
breadth and thickness as the ova are developed 
i n i t , and s t i l l more so i n l e n g t h , b e i n g accom
modated to i t s l o c a l i t y b y numerous fo ld s , fig. 
382 . B u t no superaddi t ions are made to th i s 
p r i m i t i v e s t r u c t u r e : the ova, d, escape b y 
r u p t u r e o f t h e i r capsules i n t o the abdomen, b, 
and are exc luded b y the per i tonea l ape r tu re , 
i b . /. I n a l l o ther Fishes i n w h i c h vasa 
defe ren t ia are absent i n the male , ov iduc t s are 
absent i n the female . B u t i t does n o t a lways 
happen , whe re vasa defe ren t ia are developed i n the ma le , t h a t 
the h o m o t y p a l ducts ex is t i n the f e m a l e : the S a l m o n is an 
example i n w h i c h the ova are d ischarged b y dehiscence i n t o the 
abdomina l c a v i t y , and escape. 
b y per i toneal out le ts , as i n 
the E e l and L a m p r e y . 

W i t h th i s excep t ion , the 
para l le l i sm o f the male and 
female organs is v e r y close. 
T h u s the o v a r i u m is s ingle 
i n those b o n y Fishes , as the 
P e r c h , the B l e n n y , the 
L o a c h , and the A m m o d y t e , 1 

i n w h i c h the testis is s ingle : 
the med ian c l e f t o f the o v a r y 
o f the A m m o d y t e is deeper 

t h a n t h a t o f the test is , b u t the c o n t i n u i t y o f t h e t w o seeming ly 
d i s t i nc t g lands is obv ious a t t h e u p p e r a n d l o w e r ends. I n 

1 xx. vol. iv. p. 133, prep. no. 2675, A. 

Renal and female organs: 
Pelromyzon. xx. 



572 ANATOMY OF VERTEBRATES. 

most Osseous Fishes the ova r i a , fig. 3 8 3 , A , f o r m t w o e longa ted 
sacs o f mucous membrane , w i t h a t h i n fibrous t u n i c and a p e r i t o 
neal cove r ing , closed a n t e r i o r l y , b u t p roduced p o s t e r i o r l y i n t o a 
short , s t r a igh t , and c o m m o n l y w i d e o v i d u c t , t e r m i n a t i n g b e h i n d 
the anus, and c o m m o n l y before the u r e t h r a , fig. 2 8 1 , i. I n the 

Pipe-f ishes t h e ov iduc t s con
t i n u e d i s t i n c t t o the cloaca. 
I n mos t F ishes t h e ov iduc t s 
coalesce, a f t e r a b r i e f course, 
as i n the H e r r i n g , or a f t e r a 
l o n g e r course, i n t o a single 
t u b e be fo re a r r i v i n g at the 
c loaca : the c o m m o n t e r m i n a l 
p o r t i o n becomes m u c h d i la ted 
i n the C o d - f i s h , t h e L u m p - f i s h , 
and-some others . T h e £ s troma, ' 
or c e l l u l a r t issue, w h i c h is the 
seat o f deve lopement o f the 
ova, is i n t e rposed b e t w e e n the 
mucous and fibrous tun ic s o f 
the ova r i an sac : i t sometimes, 
t h o u g h r a r e l y , is coextensive 
w i t h the mucous membrane . 
I n the Lophius t he t w o ovar ia 
are l o n g a n d l a rge p l ica ted 
tubes , flattened w h e n e m p t y , 
c y l i n d r i c a l w h e n i n f l a t e d , w i t h 
t h e ov ige rous s t roma l i n i n g , as 
i t w e r e , o n l y the v e n t r a l h a l f 

o f t he wa l l s o f the c y l i n d e r , a n d t e r m i n a t i n g w h e r e t h e ov iduca l 
por t ions o f each sac u n i t e toge ther t o f o r m t h e c o m m o n short 
e f fe ren t canal. T h e i n n e r surface o f the i s t r o m a ' is beset w i t h 
smal l tuberc les , a r ranged i n i n t e r r u p t e d l i nea r series, each tuberc le 
s u p p o r t i n g f o u r or five p a p i l l i f o r m ovisacs. I n the P i k e the s t roma 
f o r m s a l o n g i t u d i n a l s t r i p , i n shor t t ransverse p l a i t s , a l ong the 
med ian side o f the l o n g ova r i an sacs: fig. 3 8 3 , B , shows t w o o f the 
ovar ian p la i t s , f r o m w h i c h the developed ova h a n g i n subpedun-
cula te ovisacs. I n the W o l f - f i s h the s t roma extends over the 
w h o l e o f the i n t e r n a l surface o f the o v a r y , i n t o the c a v i t y of 
w h i c h i t p ro jec ts i n the f o r m o f n u m e r o u s o v a l compressed 
processes. I n genera l , i t s superficies is ex t ended b y b e i n g p l a i t e d 
i n t o numerous fo lds , w h i c h are t ransverse i n t h e C o d a n d S a l m o n , 
o b l i q u e i n the M a c k e r e l , and l o n g i t u d i n a l i n some o t h e r F i shes . 
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I n the Sa lmon the f r e e surface o f the s t roma is exposed. I n t h e 
Osseous Fishes t h a t r e t a i n a n d ha t ch t h e i r ova the s t roma does 
no t ex tend t o the pos ter ior p a r t o f the o v a r i a n sac, b u t t h i s 

serves as a k i n d o f u t e r u s , a n d conta ins an a b u n d a n t a l b u m i n o u s 
secret ion a t t h e season o f the i n t e r n a l i n c u b a t i o n . T h e v i v i p a r o u s 
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B l e n n y (Zoarces), the A n a b l e p s , the Poecil ia , and E m b i o t o c a 1 

are examples o f ovo -v iv ipa rous Osseous F i shes , a n d a t t h e same 
t i m e man i fe s t n a t u r a l l y , w h a t occurs as a ra re a d n o r m a l i t y i n 
h ighe r Ver t eb ra t e s , v i z . ova r i an ges ta t ion . I n t h e P l a i ce a n d 
other Pleuronectidae the pa ra l l e l i sm be tween the male a n d female 
organs is so close t h a t the ovar ia also escape f r o m the abdomen, 
and become lodged i n grea ter or less p r o p o r t i o n i n subcutaneous 
scrotal cavit ies above the basis o f the ana l fin.2 

I n the L a m p r e y the shor t and n a r r o w l a t e r a l i n f u n d i b u l i f o r m 
passages b e h i n d the r e c t u m , i n t o w h i c h the u re te r s open, and 
w h i c h t e rmina t e i n the pe r i tonea l ou t l e t s , fig. 3 8 1 , e, / , have been 
compared to shor t ov iduc t s . I n the S t u r g e o n ac tua l ov iduc t s 
are con t inued f r o m the ure ters f o r w a r d , w h i c h open b y w i d e 
i n f u n d i b u l a r aper tures , comparable t o the e morsus d i a b o l i ' o f 
an th ropo tomy , i n t o the genera l p e r i t o n e a l c a v i t y , and receive the 
r ipe ova as t h e y b u r s t f r o m the o v a r i u m . T h e u r i n e is p r even ted 
f r o m r e g u r g i t a t i o n i n t o the serous c a v i t y t h r o u g h t h e same 
passage b y a va lve w h i c h o n l y a l l ows t h e passage o f the ova 
b a c k w a r d i n t o the c o m m o n u r o g e n i t a l d u c t . 

T h e h ighe r grade o f the sexual o rgan i sa t ion o f t h e female 
P lag ios tome, as compared w i t h t h e ca r t i l ag inous G a n o i d fish, is 
mani fes ted c h i e f l y b y m o d i f i c a t i o n o f the o v i d u c t s : t h e y are 
a lways t w o i n n u m b e r , fig. 3 8 4 , q, r, a n d d i s t i n c t f r o m one end 
to the o ther , b u t t h e y are b r o u g h t i n t o close p r o x i m i t y , or 
coalesce at b o t h ends : t h e y are a lways d i s t i n c t f r o m t h e ure te rs , 
w h i c h t e rmina te on t h e p r o m i n e n t u r e t h r a l c l i t o r i s , i b . t, b e t w e e n 
the o v i d u c a l ou t l e t s , i b . s, s. D i f f e r e n t par t s o f t h e o v i d u c t s are 
m o d i f i e d , moreover , f o r special f u n c t i o n s , superadded t o t h a t o f 
e f f ec t ing the safe t r ans i t o f the genera t ive p r o d u c t . T h e ovar ia 
o f P lagios tomes , fig. 384 , n, are r e l a t i v e l y m u c h smal le r t h a n i n 
o ther Fishes , o f a more compact f o r m , a n d c o n f i n e d t o t h e fo re 
p a r t o f the abdomina l c a v i t y : t h e y are sometimes b l e n d e d i n t o a 
single body . T h e s t roma is n o t spread over t h e w a l l s o f a c a v i t y , 
b u t is co l lec ted i n t o a loose c e l l u l a r mass, c i r c u m s c r i b e d b y a 
fibrous membrane , and suspended b y a d u p l i c a t u r e o f p e r i t o n e u m 
t o the dorsal parietes o f the abdomen , a t t he sides o f the 
oesophagus. T h e ova are m u c h f e w e r i n n u m b e r t h a n i n the 
' r o e ' o f Osseous F ishes , and are seen i n d i f f e r e n t stages of 
g r o w t h , b e i n g developed more consecu t ive ly . T h e a p p r o x i m a t e 
or conf luen t abdomina l aper tures o f the o v i d u c t , i b . q, are an t e r i o r 
t o the o v a r i u m , b e t w e e n the l i v e r a n d the p e r i c a r d i a l s e p t u m ; 
t h e y f o r m toge ther a heart-shaped o p e n i n g , w i t h e n t i r e m a r g i n s , 

1 CCCXXXV 2 X L I „ , v . p]. 4 > fig< l 
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at tached b y t w o d i v e r g i n g l igaments to the abdomina l wa l l s . I f 
a l i t t l e powdered charcoal be s p r i n k l e d on the ova r i an orif ices and 
l igaments exposed b y o p e n i n g the abdomen i n a f r e s h caugh t 
female D o g - f i s h , t he par t ic les w i l l be seen to move towards a n d 
enter the c o m m o n ov iduca l aper tu re , i n d i c a t i v e o f a c i l i a t e d 
ep i the l ium i n the serous membrane , w h i c h m a y a id i n the 
t ranspor t o f the ova to tha t aper ture . T h e ov iduc t s , n a r r o w , 
and w i t h t h i n tun ics a t t h e i r commencement , d ive rge f r o m each 
other, a r ch ing over the fo re p a r t o f the ovar ia , a n d t h e n descend 
a long the v e n t r a l surface o f t h e k i d n e y s , t o t e r m i n a t e a t t he 
la te ra l and posterior par ts o f the cloaca, i b . s. A g l a n d u l a r b o d y , 
i b . o, is developed i n t h e i r coats, a f t e r the first, fifth, or s i x t h p a r t 
o f the i r ex ten t , and t h e i r t e r m i n a l h a l f or t h i r d pa r t , i b . r , is 
d i l a t e d ; the sizes o f the g l a n d u l a r and o f t h e u t e r i n e par ts o f 
the o v i d u c t are u sua l l y i n inverse p r o p o r t i o n : i n the ov iparous 
Plagiostomes the g l a n d is l a rge , the u t e ru s sma l l , a n d t h e reverse 
obtains i n the v iv ipa rous species, fig. 384 . T h e i n n e r surface o f 
the F a l l o p i a n p o r t i o n o f the o v i d u c t presents l o n g i t u d i n a l or v e r y 
ob l ique fo lds o f the delicate mucous m e m b r a n e : b u t near t h e 
aper ture the fo lds resolve themselves i n t o m i n u t e compressed v i l l i . 
T h e g landu la r pa r t varies i n s t ruc tu re as w e l l as i n size i n d i f f e r e n t 
species. I n the v iv iparous D o g - f i s h (Spinax acanthias) i t consists 
o f t w o e l l ip t i c flattened lobes, o f l a m i n a t e d s t r u c t u r e , t he f r e e 
surface present ing m i n u t e transverse striae, beset w i t h pores, t he 
orif ices o f secerning tubes, the aggregate o f w h i c h composes the 
l ayer o f g landu la r substance. I n the oviparous H o m e l y n (Raia 
maculata) the lobes o f the la rge r u d i m e n t a l g lands are r e n i f o r m , 
and consist o f close-set layers o f secerning tubes . I n the T o p e 
(Galeus) the lobes o f the g l a n d present t h e same essential 
s t ruc tu re , b u t are conica l , subspi ra l , and h o l l o w . T h e u t e r i n e 
p a r t o f the o v i d u c t i n the v i v i p a r o u s D o g - f i s h , fig. 384 , r, has 
the l i n i n g membrane p roduced i n t o l o n g i t u d i n a l f o ld s , w i t h w a v y 
marg ins , each o f w h i c h contains a s ingle vessel f o l l o w i n g i t s 
sinuosities, and sending o f f branches to the parietes o f the 
o v i d u c t : the fo lds g r a d u a l l y subside a t t he o u t l e t o f the o v i d u c t . 
I n the oviparous D o g - f i s h (Scyllium) t he fo lds o f the l i n i n g 
membrane o f the co r respond ing p a r t o f t h e o v i d u c t are o b l i q u e , 
and t h e i r vessels are d e r i v e d f r o m t r u n k s i n the w a l l s o f the 
ov iduc t , and are d i s t r i b u t e d i n m i n u t e and t o r t u o u s r a m i f i 
cations o n the f o l d s . 1 T h e u t e ru s o f t h e S m o o t h D o g - f i s h 
( S c o l i o d o n , M . ; Emissole lisse, C u v . ) shows several u t e r i n e 

1 xx. vol. iv. p. 136. 
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cotyledons developed f r o m the i n t e r n a l surface o f the d i l a t e d p a r t 
o f t h e o v i d u c t : co r responding foetal co ty ledons are deve loped 

f r o m the v i t e l l i c l e o f the e m b r y o . 
T h u s the var ious f o r m s o f the genera t ive organs o f F ishes 

resolve themselves i n t o f o u r w e l l - m a r k e d grades o f c o m p l e x i t y . 
F i r s t , t he essential g l a n d , testis or o v a r i u m , w i t h o u t exc r e to ry 
canal. Second, t h e same, w i t h a s imple d u c t , con t inuous w i t h 
test is or o v a r i u m . T h i r d , a p a r t i a l o v i d u c t , n o t con t inuous w i t h 
the o v a r i u m , and n o t separated f r o m the u re t e r . F o u r t h , testis 
or o v a r i u m , o f a more compact f o r m , each w i t h a l o n g and 
complex d u c t , d i s t i n c t f r o m t h e u r e t e r ; t h e b e g i n n i n g o f the 
vas deferens convo lu t ed i n t o an e p i d i d y m i s , a n d i t s end d i l a ted 
i n t o a seminal reservoi r , w i t h a p l i c a t e d g l a n d u l a r i n n e r su r face ; 
the o v i d u c t n o t con t inuous w i t h the o v a r i u m , b u t w i t h a n ida-
m e n t a l g l a n d near i t s commencement , and d i l a t i n g i n t o a 
receptacle, w i t h a p l i ca t ed surface, a t i t s t e r m i n a l ha l f . Besides 
the ' c l a s p e r s ' o f t h e P lag ios tomes , the re are o the r accessory 
organs o f genera t ion , v i z . t he subcaudal m a r s u p i a l t e g u m e n t a r y 
fo lds i n the male o f some species o f Syngnathus, fig. 4 2 7 , o,1 and 
the subabdomina l mar sup ia l pouch i n the male H i p p o c a m p s . 2 

§ 108. Male Organs of Batrachians.—These consist o f testes, the i r 
ducts and appendages, the seminal reservo i r , and the c o m m o n ex
c re to ry canal and t e r m i n a l p a p i l l a : the re is no i n t r o m i t t e n t organ. 

T h e testes, t h o u g h i n some B a t r a c h i a s u b d i v i d e d , resemble i n 
t h e i r r e l a t ive size and compactness o f f o r m and tissue those o f the 
Plagiostomes. I n the Proteus anguinus t h e test is is l o n g , c y l i n 
d r i c a l , w i t h obtuse ends, s l i g h t l y fissured l e n g t h w i s e b y the 
in se r t i on o f the suspensory l i g a m e n t : t h e y sometimes show i n 
e q u a l i t y o f size, a n d the r i g h t is u s u a l l y abou t th ree vertebra? 
i n advance o f the l e f t . I n Amphiuma t he testis is s u b c y l i n -
d r i c a l , and tapers a t b o t h e x t r e m i t i e s : adipose appendages p ro jec t 
f r o m t h e i r f r e e or v e n t r a l surface. I n the A x o l o t l t h e ' mesor-
c h i u m , ' or suspensory d u p l i c a t u r e o f p e r i t o n e u m , is broader , and 
pe rmi t s the vessels a n d ducts t o be r e a d i l y seen as t h e y t raverse 
i t t ransverse ly . T h e adipose appendages are b ranched I n the 
M e n o p o m e the testes are r a the r broader t h a n i n the A m p h i u m e , 
approach ing the ova l shape. T h i s is l i k e w i s e t h e case w i t h 
one or b o t h testes o f the grea t J a p a n N e w t (Sieboldtia or 
Cryptobranchus), w h i c h are suspended b y a b r o a d m e s o r c h i u m 
on each side o f the aorta and n a r r o w remnan t s o f the W o l f f i a n 
bodies, be tween the ends o f the l ungs and the b e g i n n i n g s o f t h e 
k idneys . 

1 xx. vol. v. p. 67, preps, nos. 3226-3228. 2 Ib. p. 68, preps, nos. 3230 and 3231. 
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I n most N e w t s the testis is d i v i d e d i n t o t w o lobes, fig. 387, « , 
one, usua l ly the l a rger , i n advance o f the o t h e r : I have observed 
three detached lobes or testes on each side. I n the Salamander 
there m a y be one or t w o smaller lobes or accessory testes, besides 
the t w o c h i e f d ivis ions o f the g l a n d . 1 

I n tail less Bat rachians the testes, i n accordance w i t h the shape 
o f the body , present a f u l l ova l f o r m , compact and u n d i v i d e d : t h e y 
are s i tuated, as shown i n the F r o g , fig. 385 , f , f , o n the v e n t r a l 
side o f the an te r io r h a l f o f the k i d n e y s , g, g, h a v i n g an en t i r e 
i nves tmen t o f pe r i t oneum, o f t e n deeply or b r i g h t l y co loured b y 
p i g m e n t a l cells, w h i c h f o r m s a b road and shor t m e s o r c h i u m , 
suspending t h e m to the r ena l glands and s u p p o r t i n g the b l o o d 
vessels and ef ferent ducts . Processes o f p e r i t o n e u m , filled w i t h 
f a t , i b . Z, /, d iverge f r o m the fo re p a r t o f b o t h bodies. 

I n a l l Bat rachians the testis consists o f semini fe rous caeca, m o r e 
elongated t h a n the sperm-fol l ic les o f Fishes , shor ter and s t r a igh te r 
t han i n h igher B e p t i l e s , h a v i n g t he i r b l i n d ends n e x t the capsule. 
T h i s consists o f a fibrous or e a l -
b u g i n e o u s ' t u n i c , beneath the 
serous o n e : b o t h have been re 
moved to show the t u b u l i testis 
i n Swammerdam's accurate figure, 
fig. 386. T h e semen is conveyed 
b y shor t transverse ef ferent ducts , 
h, to a common l o n g i t u d i n a l canal , 
i. I n the M e n o p o m e about t e n 
vasa e f fe ren t ia q u i t t he e long
ated testes and enter the c o m m o n 
canal , w h i c h extends a long the an
t e r i o r th ree - four ths o f the k i d n e y , 
and at i t s fo re -end is connected 
w i t h the l igamentous r e m n a n t o f 
the duc t o f the W o l f f i a n b o d y : i t 
is thence re f l ec ted back a long the 
outer border o f the k i d n e y , r ece iv 
i n g i n i t s course t o w a r d the cloaca 
the ure te rs , w h i c h are shor t 

t ransverse or ob l ique tubes , f r o m t e n to t w e n t y i n n u m b e r - t h e 
u r ino - semina l canal , suppor ted b y a n a r r o w f o l d o f p e r i t o n e u m 
f o r m s a f e w s l i g h t bends, and g r a d u a l l y expands as i t approaches i t s 
t e r m i n a t i o n a t t he back p a r t o f the cloaca. I n Sieboldia maxima 
t h e l o n g i t u d i n a l canal w h i c h receives the shor t e f f e r e n t duc t s is 

1 xx. vol. iv. p. 53. 
VOL. I . p p 
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387 

con t inued f o r w a r d to the W o l f f i a n l i g a m e n t , f a r i n advance o f 
the testes, c o n t r a c t i n g to a p o i n t : i n i t s b a c k w a r d course, b e t w e e n 

the test is and r e m n a n t o f the W o l f f i a n 
g l a n d , i t receives a f e w shor t t ransverse 
ducts t h e r e f r o m , w h i c h come f r o m smal l 
masses o f c o n v o l u t e d tubes , s t i l l pe rv ious 
t o m e r c u r i a l i n j e c t i o n i n the male dissected 
b y D r . J . V a n der H o e v e n : c o n t i n u i n g i t s 
descent, t h e l o n g i t u d i n a l d u c t g r a d u a l l y 
expands, desc r ib ing c o n v o l u t i o n s , and re 
c e i v i n g i n i t s course a long t h e ou te r side 
o f t h e k i d n e y s t h e e x c r e t o r y duc ts , t w o or 
three i n n u m b e r , o f those g lands . E a c h 
u r ino - semina l canal expands i n t o a s imple 

ob long reservoir , w i t h t h i c k e n e d g l a n d u l a r coats, a t t h e t e r 
m i n a t i o n o f the r e c t u m , and communica tes w i t h t h e cloaca 
b y a p a p i l l i f o r m o r i f i ce , a l i t t l e i n advance o f t h e b l i n d end o f 

the reservoi r . T h e s lender e longated 
remnants o f t h e W o l f f i a n g lands are d i r ec t 
con t inua t ions f r o m t h e f o r e p a r t o f the 
k i d n e y s . 

I n t h e N e w t ( Triton taniatus) f r o m f o u r 
t o five e f f e r en t tubes , fig. 3 8 7 , c, c, q u i t 
each o f t h e t w o c h i e f d iv i s ions o f t h e testis, 
i b . a, and t e r m i n a t e i n t h e c o m m o n l o n g i 
t u d i n a l canal , i b . d, w h i c h extends f o r w a r d 
to t h e W o l f f i a n l i g a m e n t , and b a c k w a r d to 
the an te r io r e n d o f t h e k i d n e y , i b . e: i n th i s 
course i t sends o f f abou t t e n sho r t t rans-

/$> verse branches , w h i c h , a f t e r d i l a t i n g and 
i f i l l ^ i ^ i ^ u c o n v ° l u t i n g , i b . i, s evera l ly t e r m i n a t e i n 

Yllr . t he b e g i n n i n g and f o r e p a r t o f t h e u r i n o -
semina l canal , i b . f . T h e s m a l l d i l a t a t i o n 
and l a rge r mass o f c o n v o l u t i o n s o n each o f 
the t ransverse branches o f t h e l o n g i t u d i n a l 
d u c t are re ten t ions o f m o d i f i e d par t s o f t h e 
W o l f f i a n or p r i m o r d i a l u r o g e n i t a l g l a n d . T h e 
u r ino - semina l d u c t , / , f o r m s m a n y close 
coi ls , l i k e an e p i d i d y m i s , as i t approaches 

the k i d n e y : i t receives d i r e c t l y one or t w o u r i n i f e r o u s tubes , i b . / , 
and communica tes , near i t s t e r m i n a t i o n , w i t h t h e o r i f i ces o f a 
series o f m o d i f i e d ure te r s , i b . g, w h i c h rece ive t h e res t o f 

Male organs, Newt. Triton 
tceniatus. cccxxu. 
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the u r ine as w e l l as the semen. E a c h u r i n i f e r o u s d u c t di lates 
i n t o a l o n g reservoi r , desc r ib ing a cu rve e x t e r n a l t o the k i d n e y , 
the first or an te r io r be ing the longest , t h e rest successively shor ter : 
t h e y are connected toge ther , e igh t t o t e n i n n u m b e r , so as t o 
f o r m , i n appearance, a flattened semi-oval ' ves icula seminalis , ' and 
t e rmina te b y a shor t w i d e canal , i b . m, c o m m o n to t h e m and the 
vas deferens, i n the back p a r t o f the cloaca. 

I n the P r o g about s ix t ransverse e f fe ren t duc ts , fig. 385 , h, 
enter the l o n g i t u d i n a l one, g, e x t e n d i n g a long the i n n e r (mes ia l ) 
side o f the k i d n e y , w h i c h is re f lec ted r o u n d t h e f o r e end o f t h a t 
g l a n d to f o r m the b e g i n n i n g o f the u r i no - semina l canal , i b . i, 
w h i c h courses a long the outer ( l a t e r a l ) side o f the k i d n e y . T h i s 
canal does n o t describe convo lu t ions : i t enlarges as i t p rogress ive ly 
receives the ure ters , and suddenly expands b e y o n d the k i d n e y 
i n t o a s e m i - o v a l e vesicula seminalis , ' i b . k, t h e outer h a l f o f w h i c h 
has f o l l i c u l o - g l a n d u l a r w a l l s , t he i n n e r h a l f b e i n g smooth and 
w i t h t h e character o f a reservoir . A shor t d u c t conveys t h e 
contents o f the vesicle t o the back o f the cloaca, i b . b; a t the 
f o r e p a r t is the o r i f i ce , c, o f the a l l an to id b ladder , e. 

N o B a t r a c h i a n has the i n t r o m i t t e n t o rgan , or a vas deferens 
d i s t i n c t f r o m an u r e t e r : a stage i n the s u b s t i t u t i o n o f k i d n e y s 
f o r W o l f f i a n bodies is he reby o b v i o u s l y ind ica ted . 

§ 109. Male Organs of Reptiles.— I n the scaled B e p t i l e s the 
condu i t s f r o m the k i d n e y a n d the 

v testes are d i s t i n c t to t h e cloaca, and 
t e r m i n a t e there on separate papillae. 
T h e testes, fig. 389 , b, are compara
t i v e l y smal l and c o m p a c t : t h e y are 
a lways abdomina l , w i t h a comple te 
i n v e s t m e n t o f p e r i t o n e u m , f r e 
q u e n t l y co loured b y p igment -ce l l s . 
T h e y have a s t r ong a l b u g i n e a l 
t u n i c , a n d consist o f b l i n d s emin i 
ferous tubes , fig. 3 8 8 , m u c h longe r 
and more slender t h a n i n B a t r a 
chians , and packed u p i n close 
c o n v o l u t e f o l d s , i n i l l - d e f i n e d l o c u l i 
o f t he g l a n d . F r o m these tubes a I 
va r i ab l e n u m b e r o f e f fe ren t canals 
proceed , w h i c h are inclosed i n a p r o l o n g a t i o n o f t h e t u n i c s o f the 
test is f o r a b r i e f course, and t h e n u n i t e i n t o a vas deferens. 

I n t h e O p h i d i a the testes, fig. 3 5 7 , h, h, are o f a m o r e e longate 
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form than in other Reptiles. In the common harmless Snake 
( Coluber natrix) t h e y are o b l o n g , subcompressed, i n advance o f the 
k i d n e y s , the r i g h t about an i n c h more f o r w a r d t h a n t h e l e f t , 
cor responding to the d i f fe rence i n the r e l a t i v e p o s i t i o n o f the 
k idneys . I n the Ra t t l e snake the testes are more s y m m e t r i c a l 
i n pos i t ion . T h e vas deferens, disposed i n shor t u n d u l a t i o n s , 
goes a long the k i d n e y to the cloaca, t h e papilla? t e r m i n a t i n g near 
the b e g i n n i n g o f the u r e t h r a l g roove . T h e i n t r o m i t t e n t organs 
are t w o i n n u m b e r , and consist o f i n v e r t i b l e sheaths, or l o n g 
n a r r o w bags, w i t h a h i g h l y vascular papi l lose l i n i n g membrane , 
b i f u r c a t e a t t h e i r b l i n d end , t o w h i c h are a t tached t h e muscles, 
fig. 357 , I, f o r i n v e r t i n g and k e e p i n g t h e m r e t r a c t e d and h idden 
i n the base o f the t a i l . B y t u m e f a c t i o n o f the vascular por t ions 
o f the bags, and the ac t ion o f t h e e cons t r i c to r basis cauda?' and 
' s p h i n c t e r cloaca?,' t h e y are ever ted . I n t h e R a t t l e s n a k e the 
b l i n d end o f each i n v e r t e d pouch b i f u r c a t e s , a n d t h e vascular 
membrane is t h i c k e n e d and p roduced i n t o m a n y processes near 
the b i f u r c a t i o n : w h e n evers ion w i t h e rec t i l e t u m e f a c t i o n o f the 
parts takes place, each penis presents a papi l lose a n d b i f u r c a t e 
glans , as i n fig. 357 , k. I n Elaphis quadrilineatus t h e b o d y o f 
the penis presents l a rge r e t r o v e r t e d papilla?, a n d t h e glans is 
beset w i t h sma l l flattened w r i n k l e d processes. 

I n the S l o w - w o r m (Anguis) t h e testes are s i t u a t e d a l i t t l e 
an te r io r t o the d i l a t ed r e c t u m , t h e r i g h t i n advance o f t h e l e f t ; 
t h e sperm-duc t s imulates a l o n g e p i d i d y m i s b y i t s i n i t i a l c o n v o l u 
t ions or t ransverse fo lds . T h e i n t r o m i t t e n t organs are i n v e r t i b l e 
and eve r t i b l e pouches, as i n Serpents , b u t are shorter . 

I n a Sc inc - l i za rd (Tiliqua) t h e r i g h t testis is more advanced 
i n pos i t ion t h a n the l e f t . T h e b o d y o f the p e n i a l p o u c h , w h e n 
ever ted , shows transverse ruga?, a n d t h e s u b - b i f u r c a t e g lans shor t 
r e t r o v e r t e d papilla?. I n Lacerta ocellata, as i n Draco volans, 
fig. 389 , the testes, b, show a s i m i l a r degree o f u n s y m m e t r i c a l 
pos i t ion . T h e sperm-ducts f o r m , b y a series o f shor t t ransverse 
fo lds , a l o n g body or band , l i k e an e p i d i d y m i s : b u t t he re is no 
s t r uc tu r e p r o p e r l y so ca l led cons i s t ing o f t h e convo lu t i ons o f 
several e f fe ren t tubes p r i o r t o t h e i r u n i o n t o f o r m the vas 
deferens, i b . c. I n the interspace o f t h e or i f ices o f t h e ure te rs 
a r idge is con t i nued b a c k w a r d , o n each side o f w h i c h is the o r i f i c e 
o f the vas deferens, whence is c o n t i n u e d t h e u r e t h r a l g roove 
e x t e n d i n g a long the p e n i a l sheath to the papi l lose b l i n d end or 
glans. 

T h e per i tonea l c o v e r i n g o f the testes shows i n some L i z a r d s 
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stellate p igment -ce l l s : i n the Chameleon t h e y g i v e a b l ack co lour 
to the g l and . 

T h e shor t and o u t w a r d l y ex tended legs o f L i z a r d s serve f o r 
progression, n o t f o r suppor t , and the a n i m a l rests w i t h i t s b e l l y 
on the g r o u n d , as i n S e r p e n t s ; 
hence the necessity n o t o n l y f o r 
the i n t e r n a l pos i t ion o f the testes, 
b u t f o r the mechanism b y w h i c h 
the i n t r o m i t t e n t organs can be 
i n v e r t e d , and safe ly lodged ou t 
o f s ight , i n the base o f the t a i l , 
w h e n n o t i n use. 

I n the T u r t l e (Chelone mi-
das) each testis is an elongate, 
c y l i n d r i c a l , s l i g h t l y ben t b o d y , 
decreasing i n size at t he end n e x t 
the c loaca: the e f fe ren t tubes 
leave i t near the fo re or uppe r 
p a r t o f i t s concav i ty , and soon 
j o i n the vas deferens, w h i c h 
f o r m s a la rge and compact b o d y 
b y numerous convo lu t ions , s i t u 
ated be tween the test is and 
k i d n e y . E a c h vas deferens t e r 
minates , w i t h the u re t e r , i n a 
pap i l l a , t he spermat ic o r i f i ce 
b e i n g nearer the b ladder . T h e penis is shor t , and is i nd i ca t ed , 
i n the u n e x c i t e d state, c h i e f l y b y the u r e t h r a l g r o o v e ; o n l y t h e 
glans and the p o i n t e d end o f the fibrocartilaginous b o d y i m m e 
d i a t e l y above i t p ro j ec t f r o m t h e cloacal surface, and these are 
p a r t l y enclosed b y a t h i c k d u p l i c a t u r e o f the cloacal membrane , 
r ep resen t ing a p r e p u t i u m : i n the e rec t ion o f the o rgan th i s f o l d 
is eve r t ed and ob l i t e r a t ed . 

I n the Emys europcea t he testes, fig. 390 , y, and c o n v o l u t e d 
sperm-duc t , i b . c, are separated f r o m the k i d n e y s , i b . o , b y t h e 
p e r i t o n e u m , w h i c h , a f t e r g i v i n g an en t i re i n v e s t m e n t to the testes, 
is s i m p l y re f l ec ted over t h e con t iguous surface o f t h e k i d n e y : 
an a r t e r y , / , s, r uns b e t w e e n the t w o glands. T h e test is presents 
a f u l l e l l i p t i c figure: i t s pe r i t onea l c o v e r i n g is u s u a l l y s ta ined 
w i t h a d a r k p i g m e n t : x is t he spermat ic a r t e r y , z the spermat ic 
v e i n . T h e spe rm-duc t opens, close to the u re t e r , u p o n a pap i l l a , 
fig. 3 9 1 , F , a t t h e commencemen t o f t h e u r e t h r a l g roove , i b . G. 
T h e penis , i n b o t h f r e s h w a t e r a n d l a n d Che lon ia , is longer and 
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l a rge r t h a n i n the mar ine species: i t is s u b c y l i n d r i c a l , w i t h an 
expanded t e r m i n a l g lans , i b . I , u s u a l l y e n d i n g i n a p o i n t . T h e 

u r e t h r a l g roove , i b . G, 
extends a long the m i d 
dle o f t h e dorsa l surface, 
a n d becomes deeper as 
i t approaches the g l a n s : 
i n e rec t ion t h e t u m e f a c 
t i o n o f i t s borders con
ve r t s the g roove i n t o a 
t e m p o r a r y canal , a n d i t 
t h e n appears to end b y 
an o r i f i c e , K , w h i c h is 
u s u a l l y d i v i d e d b y a 
p a p i l l a r y eminence. T h e 

penis consists o f t w o e co rpora cavernosa, ' i b . H , w h i c h are firm 
fibrous bodies, cohe r ing mes ia l ly and a t tached t o the v e n t r a l surface 

o f t h e cloaca; and o f t w o median 
t rac t s , fig. 3 9 2 , 4, o f a m o r e vas
cu la r e rec t i le t issue, f o r m i n g the 
wa l l s o f the med iangroove , 5, and 
covered b y a so f t quasi-mucous 
membrane . E a c h vascular t r a c t 
commences b y an en la rgement , 
fig. 3 9 0 , E , analogous t o t h e bul
bus urethra?. T h e erec t i le tissue 
is c o n t i n u e d f o r w a r d , t h i n l y at 
first, b u t a f t e r w a r d s inc reas ing 
i n th ickness , t o t h e g lans , figs. 
3 9 1 , i , a n d 3 9 2 , w h i c h i t c h i e f l y 
const i tu tes . O n each side o f 
the m i d - l i n e o f the penis is a 
canal , fig. 3 9 2 , / , w h i c h a t one 
end communica tes w i t h the 
c a v i t y o f the p e r i t o n e u m , and 
b y the o ther end is p r o l o n g e d 
i n t o t h e substance o f t h e g lans , 
whe re i t t e rmina tes , b l i n d l y or 
b y a k i n d o f r e t i c u l a t e s inus . 1 

T h e penis is p r o v i d e d w i t h 
t w o r e t r a c t o r s , fig. 3 9 1 , 55, 
fig. 3 9 2 , 55', a r i s i n g f r o m t h e 

1 xx. vol. iv. p. 62, prep. no. 2450. 
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Peritoneal canals of penis ; Emys 
europcea. XXXVIII. 

i s ch ium, and ex tended a long the unde r ( v e n t r a l ) surface o f t h e 
penis t o the glans. T h i s muscle fo lds u p the penis i n r e t r a c t i n g i t 
w i t h i n the cloaca, and at the same t i m e closes t h e r e b y the o r i f i ce 
o f the r e c t u m , fig. 390 , A , and t h a t o f t h e 
a l lantoic b ladder , i b . M . E r e c t i o n is f o l 
l o w e d b y eversion o f the cloaca, ef fected 
b y i t s e sphincter . ' T h e deve lopement o f 
the penis bears r e l a t i on to t h e phys i ca l 
impediments to coi tus , caused b y shape, 
ex ten t , and completeness o f the she l l , and 
b y the m e d i u m i n w h i c h the act takes 
p l ace : thus the penis is least developed 
i n the mar ine species, w i t h a flattened 
carapace and incomple te p las t ron . T h e 
glans penis is t r i l oba t e i n Trionyx. 

I n the Crocodi le the testes are l onge r 
t h a n i n Chelonia, and ra the r more i n 
advance o f the k idneys . T h e penis is s ingle , w i t h a dorsa l g roove , 
con t inued f o r w a r d on a slender conical process. 
I t consists o f a firm fibrous cavernous s t r u c t u r e , 
commenc ing b y t w o c ru r a , and becoming sof ter 
t owards the glans, w h i c h consist o f vascular and 
erect i le tissue : th i s is p ro longed b e y o n d the apex 
o f the corpus cavernosum, so t h a t t w o poin ts are 
t hus seen, one above the o t h e r : these po in ts are 
u n i t e d together on each side, and also i n the m i d d l e , 
b y a v e r t i c a l s ep tum, w h i c h d iv ides the interspace 
be tween t h e m i n t o t w o culs-de-sac. T h e u r e t h r a l 
g roove is con t i nued as f a r as the e x t r e m i t y o f the 
uppe r po in t . T h e pe r i t onea l canals do n o t pene
t r a t e the cavernous s t r u c t u r e , b u t l ead t o and open 
o u t w a r d l y on papillae, s i tua ted o n each side the 
base o f the penis , w i t h i n t h e cloaca. 

A s L i z a r d s are a l l i ed t o Serpents b y the 
double ex t ra -c loaca l penis , so Tor to ises are a l l i e d 
t o Crocodi les b y t h e s ingle in t ra -c loaca l p e n i s : 
t he s t r u c t u r e o f t h i s o rgan also presents t w o 
types , r espec t ive ly charac ter i s ing the scaled and 
scuted g roups o f R e p t i l i a . 

§ 110. Female Organs of Reptiles.— I n t h e A x o l o t l , fig. 

3 9 3 , a n d Siren lacertina, the ovaries , i b . / , are g r a n u l a r e longated 
bodies, s i tua ted on each side o f the r o o t o f the mesentery . T h e y 
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consist o f delicate fo lds o f membrane , i n c l o s i n g s t roma s tudded 
w i t h ovisacs, o f t w o grades o f size, t he l a r g e r w i t h ova f o r the 
present season, the smal ler f o r the f o l l o w i n g one. I n a S i r e n 
w i t h en larged ovaries I observed t h e m b e a r i n g impressions o f 
the i n t e s t i n a l convolu t ions . T h e ov iduc t s , i b . i, are e x t e r n a l t o 
the ovar ia , and are a t tached t o the sides o f t h e spine, each b y a 
b road dup l i ca tu re o f pe r i t oneum. T h e y commence a n t e r i o r l y b y a 
s imple s l i t - l i k e aper tu re , w i t h en t i re borders , h, are a t t enua ted at 
t h e i r commencement , and soon b e g i n to be disposed i n shor t pa ra l l e l 
transverse fo lds , i n the A x o l o t l about t w e l v e , i n t h e S i r e n t w e n t y , 
i n n u m b e r , w h i c h gradually* d i m i n i s h near the cloaca, w h e r e the 
ov iduc t s open b e h i n d the r e c t u m u p o n sma l l prominences . A b o v e 
the k i d n e y s , g, a l inear t r a c t , k, indicates t h e r e m n a n t o f the 
W o l f f i a n body . 

T h e f o r e g o i n g t y p e o f female organs is c losely f o l l o w e d i n 
a l l t he perennibranchia te Ba t r ach i a . I n t h e N e w t t h e ovaries, 
as t h e y expand , assume a l o b u l a t e d e x t e r i o r a n d grea ter re la t ive 
b read th , especial ly a t t h e i r h i n d e r end , t h a n i n t h e A x o l o t l . 
E a c h o v i d u c t begins b y a s imple s l i t -shaped ape r tu re , be tween 
the p e r i c a r d i u m and l i v e r , and passes b a c k w a r d i n a w a v y course, 
w h i c h becomes i r r e g u l a r as i t approaches the k i d n e y s : here the 
oviduc ts d ive rge f r o m each other , t h e n a p p r o x i m a t e a t t h e med ia l 
l i n e , and again d ive rge , desc r ib ing a r e g u l a r c u r v e o u t w a r d , and 
again converge to t h e i r cloacal t e rmina t ions . 

I n the Salamander (Salamandra maculosa) t h e o v i d u c t is more 
d e f i n i t e l y d i v i d e d i n t o an o v i d u c a l , or e f a l l o p i a n , ' a n d a u t e r ine 
p a r t : t he f o r m e r , fig. 394 , a, is slender, and before i m p r e g n a t i o n 
is convo lu t ed t o w i t h i n a shor t distance o f t h e cloaca, w h e r e i t 
suddenly expands i n t o the u t e r i n e p a r t , b: t h i s p a r t curves f o r 
w a r d and o u t w a r d before t e r m i n a t i n g i n the cloaca a t c. T h e 
y o u n g are developed i n th i s expanded p a r t o f the o v i d u c t , w h i c h 
is m u c h enlarged a f t e r i m p r e g n a t i o n , as i n the figure. 

I n the tailless B a t r a c h i a the o v a r y , i n i t s quiescent state, fig. 
395 , o, has the f o r m o f an i r r e g u l a r l y p l i c a t e d membranous sac, 
w i t h t h i n and t ransparen t parietes. T h e i n i t i a l a p e r t u r e o f t h e 
o v i d u c t , i b . « , is s i tua ted close to the base o f t h e h e a r t : t h e t u b e 
is disposed i n m a n y , u sua l l y t ransverse, fo lds or coi l s , be fo re i t s 
t e r m i n a t i o n i n the d i la tab le t e r m i n a l pa r t , i n w h i c h t h e ova t o be 
i m p r e g n a t e d and discharged i n the same season are a c c u m u l a t e d , 
as i n fig. 395 , b. I n the cloaca the f o l l o w i n g ou t l e t s are seen: 
i n f r o n t , t h a t o f the a l lan to ic b ladder , b e h i n d i t t h a t o f the 
r e c t u m , t h e n the ov iduca l ou t l e t s , i b . c, and l a s t l y those o f t h e 
ureters . 
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I n scaled R e p t i l e s there is a c l i t o r i s or some representa t ive 
t race o f the i n t r o m i t t e n t o rgan o f the o ther sex. 

I n O p h i d i a the ovaries, l i k e the testes, are l o n g , slender, and 
disposed one, u s u a l l y the r i g h t , i n advance o f the other , and 
the ovisacs are developed f o r i m p r e g n a t i o n , i n a s ingle l o n g i t u d i n a l 
series i n most species. T h e ovaries are connected w i t h the b e g i n 
n i n g o f the ov iduc t s b y a broad f o l d o f p e r i t o n e u m . E a c h o v i d u c t 
commences b y an expanded o s t i u m , w i t h a w i d e fissure, fig. 396 , 
a; i t s tun ics , a t first delicate and t ransparen t , increase i n th ickness 
as the t u b e contracts : here i t s course is s l i g h t l y w a v y , b u t i t soon 
becomes s t ra igh t , and , i n the v i v i p a r o u s Serpents , expanded, i b . b: 

i n the R a t t l e s n a k e t h e l i n i n g membrane o f the o v i d u c t , p r i o r t o 
t h e expans ion , is disposed i n m i n u t e pa ra l l e l l o n g i t u d i n a l ruga?. 
T h e correspondence o f the ostia o f the ov iduc t s , a, w i t h the 
ovaries i n p o s i t i o n renders t h e l e f t shor te r t h a n the r igh ' t , and 
i n v i v i p a r o u s Serpents i t u s u a l l y contains f e w e r ova or y o u n g , as 
i n fig. 396 . T h e c loacal t e r m i n a t i o n s o f t h e ov iduc t s are i n a 
s e m i l u n a r fissure, b e h i n d the o r i f i ce o f the r e c t u m . 

I n the L a c e r t i a n s the ova r i a u s u a l l y m a n i f e s t a s l i g h t w a n t o f 
s y m m e t r y i n p o s i t i o n , t h e r i g h t b e i n g a l i t t l e m o r e advanced t h a n 
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the l e f t . I n the Lacerta bilineata each o v a r y shows abou t a 
dozen v is ib le ovisacs : the ov iduc t s are p l i c a t e d t h r o u g h o u t t h e i r 
course. I n Agama atra the re are seven or e i g h t e q u a l l y developed 
ovisacs i n each ova ry . I n an I g u a n a the l e f t o v a r y exceeded the 

| r i g h t i n size, and the i m m a 
t u r e ovisacs appeared as 
flattened discs o v e r l a p p i n g 
each o ther . T h e d u p l i c a -
t u r e o f p e r i t o n e u m w h i c h 
connects the o v i d u c t t o the 
side o f the vertebrae is con
t i n u e d b e y o n d t h e canal , 
a n d t e rmina tes i n a f r e e edge. 
I n t h e ovov iv ipa rous L i z a r d 
(Lacerta [Zootoca~\ muralis) 
t he p a r t o f t h e o v i d u c t i n 
w h i c h e m b r y o n a l develope
m e n t proceeds is v e r y ex
pansi le , as i n t h e V i p e r ; i n 
the spec imen figured, fig. 
3 9 7 , t h e r i g h t o v i d u c t con
t a i n e d th ree ova , i b . e, the 
l e f t t w o ova : t h e ova r i a are 
s h o w n a t a, t h e abdomina l 
ape r tu re o f the l e f t o v i d u c t 
at c, t he f a l l o p i a n p a r t o f 
the t u b e a t d, t h e u t e r i n e 
p a r t a t e, t h e t e r m i n a l p a r t 
at f : t he p e r i t o n e a l f o l d , 
a t t a c h i n g t h e o v i d u c t t o the 
o v a r y a n d t o t h e spine, is 
m a r k e d b, t h e r e c t u m g, 
and the cloaca h. 

I n Chelonia t h e ovaries 
are s y m m e t r i c a l l y disposed, 
and p laced f a r b a c k i n t h e 
abdomen. T h e f ema le o r 
gans o f t h e T u r t l e ( Chelone 
midas), i n t h e quiescent 

state, show the ovaries i n the f o r m o f a b r o a d , flattened, v a r i o u s l y 
f o l d e d substance, t h i c k l y s tudded w i t h i n n u m e r a b l e ovisacs, l i k e 
w h i t e specks : each o v a r y is a t tached b y a p e r i t o n e a l f o l d , ' meso-
a r i u m , ' t o the sides o f vertebrae, b e t w e e n the r e c t u m a n d t h e 

Female organs impregnated, Viper, CCCVIII. 
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Back view of female organs impregnated; 
Zootoca. 

oviduc t s . T h e o v i d u c t commences b y a s imple e longated s l i t , 
open ing u p o n the f r e e m a r g i n o f the 
m e s o a r y ; the d u c t soon contracts t o 
a lmost c a p i l l a r y t e n u i t y , and g r a d u a l l y 
expands as i t approaches the cloaca, 
c o n t r a c t i n g aga in before i t s t e r m i 
na t ion . 

I n the Snapper (Chelydra) t he o v i 
d u c t is disposed i n shor t t ransverse 
fo lds , be tween t h e layers o f a b road 
dup l i ca tu re o f p e r i t o n e u m , g r a d u a l l y 
d i m i n i s h i n g i n w i d t h , and inc reas ing i n 
the th ickness o f i t s parietes as i t ap
proaches the cloaca. T h e i n n e r sur
face o f the i n i t i a l p a r t o f the d u c t 
presents a series o f ob l ique fo ld s , w h i c h g r a d u a l l y become m o r e 
p roduced and more l o n g i t u d i n a l . T h e ov iduc t s t e r m i n a t e b e t w e e n 
t w o d i v e r g i n g fo lds o f the 
l i n i n g membrane o f the 
cloaca, w h i c h fo lds g r a d u 
a l l y subside as t h e y con
verge to meet and t e r m i 
nate i n t h e sinus o f the 
' g l a n s c l i t o r i d i s . ' I n the 
E u r o p e a n F r e s h w a t e r T o r 
toise the i n n e r surface o f 
the i n i t i a l , n a r r o w , and t h i n -
w a l l e d p a r t o f the o v i d u c t , 
A " , p, fig. 398 , is disposed 
i n fine l o n g i t u d i n a l f o l d s , 
and is l i n e d b y c i l i a t e e p i 
t h e l i u m : b e y o n d these, f o r 
a shor t space, i b . o, t h e w a l l s 
o f the o v i d u c t are g l a n d u 
l a r : i n the expanded p a r t 
( c o n t a i n i n g an egg i n t h e 
example figured) the rugae 
o f the l i n i n g m e m b r a n e are 
feeble a n d s inuous. E x 
t e r n a l t o t h e mucous m e m 
brane there is a s t r a t u m o f 
muscu la r fibres, b y t h e c o n 
t rac t ions o f w h i c h the o v u m 

Descent of the egg in the oviduct of Emys, 
the cloaca and parts opening therein. 

One oviduct, 
XXXVIII. 

is p r o p e l l e d a long t h e o v i d u c t 
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a t the t e r m i n a t i o n , F , whe re the egg-she l l is secreted, t h e 
membrane is vascular , and t h r o w n i n t o b road i r r e g u l a r rugae, 
w h i c h are c o n t i n u e d as f a r as i t s t e r m i n a t i o n , n, i n t h e cloaca. 
T h e ure te r , E , opens b e h i n d the o v i d u c t , a: t h e a l l an to ic b ladder , 
B , and r e c t u m , m, i n f r o n t . 

I n Crocodilia the ovar ia are more advanced i n pos i t i on , a n d more 
compact i n f o r m and s t r u c t u r e , p r e sen t ing , i n the u n e x c i t e d state, 
a surface g r a n u l a t e d b y m i n u t e ovisacs. T h e a b d o m i n a l o r i f i ce o f 
the o v i d u c t has an en t i re m a r g i n ; t h e d u c t m a i n t a i n s a more 
u n i f o r m diameter , and sooner gets u p o n the edge o f t h e s u p p o r t i n g 
f o l d o f p e r i t o n e u m t h a n i n Chelonia. T h e l i n i n g membrane o f 
the h i n d p a r t o f the o v i d u c t is p u c k e r e d u p i n t o close-set u n d u 
l a t i n g t ransverse rugae: b u t these subside g r a d u a l l y t o w a r d the 
t e r m i n a l s h e l l - f o r m i n g segment, w h e r e the m e m b r a n e shows m i n u t e 
l o n g i t u d i n a l pucke r ings . T h e o u t l e t p ro jec t s i n t o t h e cloaca. 
T h e c l i t o r i s arises b y t w o c r u r a , a n d is impressed b y a l o n g i t u d i n a l 
g roove . 

O f parts i n female R e p t i l e s accessory to gene ra t ion , t h e most 
r emarkab le are the t e m p o r a r y t e g u m e n t a r y pouches o n the back 
o f the female P i p a , fig. 367 , B , C, w h i c h , r e c e i v i n g the i m p r e g n a t e d 
ova, r e t a i n the y o u n g u n t i l t he metamorphosis is comple te . I n 
Nototrema and Opisthodelphys t he re is a l a rge s ingle pouch i n 
the m i d d l e o f the back , w i t h the entrance above t h e v e n t . I t 
serves f o r the recep t ion o f the ova , w h i c h are ha t ched t he re in . 
T h i s pouch is pecu l ia r t o t h e f emale , w h i c h a t ta ins n e a r l y to i t s 
f u l l size before the p o u c h is developed. A f t e r t h e r e c e p t i o n o f 
the ova, i t extends nea r ly over the w h o l e back o f t h e a n i m a l , 
w h i l s t i t is s h r u n k and scarcely v i s ib l e w h e n t h e season o f p r o 
paga t ion has passed. 
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C H A P T E R X I I . 

GENERATIVE PRODUCTS AND DEVELOPEMENT OF 
ELEMATOCRYA. 

THE functions of the above-described Generative Organs are 
' seminat ion, ' ' o v u l a t i o n , ' ' f e c u n d a t i o n , ' and ' exc lus ion , ' t o w h i c h 
is added, i n some Haematocrya , t h a t o f ' foetat ion. ' Semina t i on , 
or the p r o d u c t i o n o f sperm-cel ls , is pecu l i a r t o the testis : o v u l a 
t i o n , or the p r o d u c t i o n o f germ-ce l l s and v i t e l l u s , is pecu l i a r t o 
the o v a r y : f e c u n d a t i o n is the c o m b i n e d act o f the ma le a n d 
female. A p a r t o f the o v i d u c t is u s u a l l y m o d i f i e d t o add 
accessory parts t o t h e o v u m , or i n subserviency t o foetat ion i n t h e 
v iv iparous Hcematocrya: b u t , i n a f e w instances, the p r o t e c t i v e 
and por ta t ive f u n c t i o n s are re lega ted t o t e g u m e n t a r y w o m b s or 
marsupia, w h i c h m a y be developed i n e i ther sex. E x c l u s i o n o f the 
male genera t ive p r o d u c t is ca l l ed ' emission, ' t h a t o f the f emale 
generat ive p r o d u c t ' o v i p o s i t i o n : ' b u t i f t h e o v u m be ar res ted f o r 
the process o f foeta t ion, the exc lus ion o f the foetus is t h e n t e r m e d 
* b i r t h . ' Sometimes the male assists i n the process o f exc lus ion . 

§ 1 1 1 . Semination of Hcematocrya.— T h e p r o d u c t o f the testis 
i n Fishes consists o f ' spe rm-ce l l s , ' ' spermatoa , ' a n d ' spermatozoa, ' 
w i t h v e r y scanty fluid m e d i u m o f suspens ion : the f u n c t i o n is 
seasonal, and a t t ended b y 
r a p i d increase o f t h e g lands . 
T h i s is greatest i n Osseous 
Fishes, i n the testes o f w h i c h , 
at the b e g i n n i n g o f t h e i r 
enlargement , t h e sperm-cel ls 
(cysts or ' m o t h e r - c e l l s ' ) are 
Seen, fig. 399 , a, Con ta in ing Sperm-cells with spermatoa, Bream, cccvi. 
one or more spermatoa ( ' cells 
o f d e v e l o p e m e n t ' ) , i b . b. These u s u a l l y escape f r o m t h e sperm-ce l l 
as such, and t h e n u n d e r g o some change o f shape, t h r o u g h the deve
lopement o f t h e spermatozoa w i t h i n t h e m . T h e r u p t u r e o f the 
spermatoon g ives issue t o t h e e x t r e m e l y fine c a p i l l a r y appendage, 
o r ' t a i l , ' the movemen t s o f w h i c h ex t r i c a t e t h e nuc lear mass f o r m i n g 
the so-cal led ' b o d y ' o f the spermatozoon. I n mos t Osseous 



ANATOMY OF VERTEBRATES. 

Fishes the spermatozoa resemble those o f t h e P e r c h , fig. 4 0 0 : b u t 
i n some, e. g . the L o a c h , there is a sma l l s w e l l i n g at t h e i n s e r t i o n 
o f the appendage, as i n fig. 4 0 1 . I n a f e w the ' b o d y ' is scarcely 
ind ica ted , e. g . i n the r i v e r L a m p r e y , fig. 402 : i n the Petromyzon 
marinus the b o d y expands i n t o an egg-shape. 

400 401 402 

Spermatozoa of Perca 
fluviatilis. ccovi. 

Spermatozoa of Cobitis 
fossilis. cccvi. 

Spermatozoon of Petromyzon 
fluviatilis. JCCCTI. 

T h e spermatozoa i n the P lag ios tomes are v e r y l o n g , w i t h an 
an te r io r c y l i n d r i c a l body . T h i s is p r o p o r t i o n a l l y shortes t i n 
Chimcera monstrosa, and is disposed i n th ree s p i r a l c o i l s : i n 
Scyllium canicula i t is abou t h a l f t h e l e n g t h o f t h e spermatozoon, 

403 404 

A. Spermatozoa of 
Scymnus nicceensis. cocvi. 

B. Spermatozoon of 
Torpedo Narce. cccvi. 

Spermatozoa within the 
sperm-cell (.Torpedo Narce). 

cccn. 
is s t r a igh t , and tapers a t b o t h ends : i n Scymnus nicceensis, fig. 
4 0 3 , i t is sp i r a l l y disposed. I n Spinax acanthias, t he R a y s a n d 
Torpedos , fig. 4 0 4 , the sp i ra l coi ls are r a t h e r closer , u s u a l l y f o u r 
i n n u m b e r : i n Raia oxyrhynchus t h e coils are m o r e n u m e r o u s , 
b u t o n l y a f fec t t h e an te r io r h a l f o f the b o d y . 

I n the Plagiostomes the spermatoa appear as one o r m o r e n u c l e i 
w i t h i n the sperm-ce l l , l i k e those i n fig. 3 9 9 , h: b u t t h e y are n o t , 
as i n Osseous Fishes , exc luded i n t h a t s tate . 1 I n each spe rma toon 

1 cccvi. vol. iv. p. 484. 
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406 

a spermatozoon is developed, w h i c h escapes b y so lu t ion o f the 
spermatoal w a l l i n t o the sperm-ce l l , as i n fig. 4 0 5 . 1 A t t h i s stage 
the b o d y does n o t show t h e sp i r a l d i spos i t ion . 
I f the spe rm-ce l l has con ta ined numerous 
spermatoa, the r e s u l t i n g spermatozoa g r o u p 
themselves i n t o a b u n d l e , as i n fig. 406 : t h e i r 
bodies are con t iguous and acqui re the sp i ra l f o r m 
before escaping f r o m the d i l a t ed sperm-ce l l . 

T h e spermatozoa are developed i n most 
Batrachia as t h e y are i n t h e Plagiostomi; a 
sperm-cell m a y c o n t a i n f r o m t e n to t w e n t y 
spermatoa, i n each o f w h i c h t h e spermatozoon 
is developed, as i n fig. 4 0 7 , and t h r o u g h so lu 
t i o n o f the spermatoal m e m b r a n e t h e sperma
tozoa become f r ee i n the c a v i t y o f the spe rm-
ce l l , where t hey u sua l ly aggregate i n t o a b u n d l e , press ing the spe rm-
cel l i n t o a pear-shape, w h i c h burs t s at i t s sma l l end , and l ibera tes 
ei ther the filamentary appendages, as i n the F r o g , or the sp i r a l 
bodies,as mPelobates: i n e i the r case t h e remains o f t h e 
sperm-cel l cont inue recognisable , f o r some t i m e , a t t h e 
non- l ibera ted ends o f the spermatozoa, as i n fig. 4 0 8 , a. 

I n the igneous T o a d (Bombinator igneus) t h e 
spermatozoa l i e con fused ly w i t h i n t h e s p e r m - c e l l : 
the remains o f the spermatoon l o n g adhere, l i k e a 
pectinate appendage, t o t h e spermatozoon. W h e n 
f u l l y developed and l i b e r a t e d , t h e spermatozoa show 
a l o n g c y l i n d r i c a l b o d y , a t t enua ted t owards the head, 
w h i c h is again s l i g h t l y en la rged , a n d more g r a d u a l l y s h r i n k i n g 

Bundle of Spermatozoa 
within the sperm-cell. 
TorpedoNarce. cccvi. 

407 

Spermatoon 
with its con
tained sperma
tozoon, from 
the sperm-cell 
of a Frog. 

CCCVII. 

Bundle of Spermatozoa, c, Spermatozoa of Bombinator Part of Spermatozoon of 
escaping from the sperm- igneus. Triton. 
cell, a. Pelobates. CCCVI. 

into the filamentary tail, which is reflected and coiled in narrow 
1 "Sometimes the entire nucleus becomes a coil of fibre."—Barry, cvn. 1842, pis. 
v. VI. XI. 



592 ANATOMY OF VERTEBRATES. 

spirals about the body, fig. 409. The spermatozoa of the 
Salamander and N e w t have a s imi l a r f o r m and d i spos i t ion , and the 
coils o f the re f l ec ted t a i l present the appearance o f a crenate 
f r i n g e or r i d g e , as i n fig. 4 1 0 . T h e f u l l y - d e v e l o p e d spermatozoa 
o f Pelobates fuscus have a l o n g s p i r a l l y disposed b o d y , g r a d u a l l y 
a t t e n u a t i n g i n t o the filamentary appendage, fig. 4 1 1 ; t h e t o t a l 
leno-th is about ^ o f a l i n e : the looser an t e r io r e n d has a constant 
v i b r a t i l e m o t i o n . 

I n the F r o g , fig. 4 1 2 , t h e b o d y o f the spermatozoon is l o n g , 
c y l i n d r i c a l and s t r a igh t , and is t e r m i n a t e d b y a s t r a i g h t c a p i l l a r y 

Sperm-cell, a, with 
I four spermatoa, i, 

' and their contained 
Spermatozoa of Pelobates Spermatozoon of Spermatozoa of Lacerta spermatozoa, Tes-

fuscus. Sana temporaria. agilis. tudo grceca. cccvil. 
appendage. In the Coluber natrix the body of the spermatozoon 
is p o i n t e d a n t e r i o r l y : i n L i z a r d s i t is shor ter a n d m o r e obtuse, 
fig. 413 . T h e spermatoa r a r e l y exceed e i g h t i n n u m b e r i n the 
sperm-cel l , f r o m w h i c h t h e y u s u a l l y escape p r i o r t o t h e f u l l 
developement and e x t r i c a t i o n o f the spermatozoa. T h e same 
is the case also i n Testudo grceca: b u t he re t h e spe rm-ce l l , 
fig. 4 1 4 , a, remains l o n g e r t h a n i n L i z a r d s a n d Snakes , a n d 
spermatoa, i b . b, w i t h deve loped spermatozoa, m a y be observed 
w i t h i n i t . 

§ 112. Ovulation in Osseous Fishes and Batrachians. — I n 
Cyclos tomous and Teleostomous Fishes , a n d i n Ba t r ach i ans , t he 
ova are developed almost s imu l t aneous ly a t each b r e e d i n g season: 
w h i l s t i n Chimaeroid and P lag ios tomous F i shes , as i n scaled 
Rep t i l e s , the ova are successively developed, o r come to p e r f e c t i o n 
at longer or shorter i n t e rva l s . I n Osseous F ishes , h o w e v e r , 
besides the ova o f the present season, the re are the ge rms o f 
those o f the n e x t , o f t e n s t u d d i n g the ovisacs o f the f o r m e r . I n 
the o v a r y o f the F r o g , be fore p a i r i n g - t i m e , th ree sets o f ova are 
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Ovarian Ovum : 
Osseous Fish, 
magnified. 

d i s t i n g u i s h e d : those abou t t o be d ischarged are l a rge and d a r k -
coloured, those i n t ended f o r the n e x t season are also o f u n i f o r m 
size, b u t smal ler , and p a r t i a l l y co loured , and the res t are m u c h 
smaller, colourless, and v a r y i n g i n minuteness . I n Plagios tomes 
the ova are f e w e r i n n u m b e r t h a n i n the ' roe - f i sh . ' P r o m f o u r 
to fou r t een ova, f o r example , m a y be developed at one season i n 
the Torpedo ( T . marmorata),] w h i l s t i n the H e r r i n g 
25,000 ova, i n the L u m p - f i s h 155,000 ova, i n the 
H o l i b u t , 3 ,500,000 ova, have been es t imated to fill 
the enlarged ova r i an sacs. I n a L u m p - f i s h , the 
t o t a l w e i g h t o f w h i c h was 9 lbs . 8 ounces, or 66 ,500 
grains, the ovaries w e i g h e d 3 lbs . 3 ounces, or 22 ,300 
grains : thus t h e y were to the b o d y as 1 to 3. E a c h 
o v u m we ighed one-seventh o f a g r a i n . 2 

I n a l l Fishes the ova are f o r m e d i n chambers o f the o v a r y , 
cal led f ovisacs. ' 3 I n Osseous Fishes the ovisac consists o f a 
delicate membranous h o l l o w sphere, fig. 4 1 5 , a, l i n e d b y 
ep i the l ia l nucleate cel ls , and s u r r o u n d e d b y a t h i n l a y e r o f t h e 
proper tissue, or e s t roma, ' b, o f t h e o v a r y ; w h i c h , as i t p ro t rudes 
w i t h the g r o w t h o f t h e o v u m i n t o t h e o v a r i a n c a v i t y , carries 
before i t a c o v e r i n g o f t h e del icate mucous membrane l i n i n g 
tha t c a v i t y . T h i s t u n i c is n o t present i n Cyclos tomes and P l a 
giostomes. T h e first-formed and essential p a r t o f the o v u m 
13 the g e r m - c e l l , or f g e r m i n a l vesic le , ' c, w h i c h , i n Osseous 
Fishes, shows several n u c l e i , maculae, o r ' germ-spots , ' cl, b u t i n 
Plagiostomes o n l y a s ingle nucleus . A r o u n d the g e r m - c e l l the re 
accumulates a co l l ec t ion o f m i n u t e yo lk -corpusc les and a lbuminous 
granules, e, w i t h o i l - l i k e g lobules , /* , and i n some species ( C a r p ) 
flat angular corpuscles are a d d e d : a l l are suspended i n a c lear 
gelat inous y o l k - f l u i d , and are u l t i m a t e l y c i r cumsc r ibed b y a del icate 
yo lk -membrane , g, d e v o i d o f v i s i b l e s t r u c t u r e . T h e increase o f 
the ova is due c h i e f l y t o t h e a c c u m u l a t i o n o f the y o l k , and i t s 
colour t o t h a t w h i c h t h e o i l -g lobu le s acqu i re as the ova approach 
m a t u r i t y . F i n a l l y is f o r m e d the e x t e r n a l t u n i c , or e ectosac. ' 4 A t 

2 cccvm. p. 49. The periodical, but rapid and enormous increase of the hard and 
soft roes in osseous fishes admits of no rigid cinctures, no unyielding bony hoops 
around the abdominal cavity, such as would have resulted from a conversion of the 
pleurapophyses, by their junction with hajmapophyses and a sternum, into 'true ribs.' 
We see, therefore, in the fecundity of fishes—in this compensation for their limited 
intelligence and numerous foes—the physiological condition of their free or 'floating' 
ribs. 3 xx. iv. 1838, p. 131. 

4 As the homology of this tunic is not clearly determinable either with the vitelline 
membrane of the ovum of the Bird, or with the chorion of that of the Mammal, it is 
indicated by the above term in the description of the ovum of the Osseous Fi>h. 
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t h i s pe r iod the ova i n Osseous Fishes escape i n t o the c a v i t y o f 
the o v a r i u m , and the ectosac t h e n receives i t s v i l l i , o r appendages 
f o r adhesion, i n the F ishes possessing t h e m . T h e ovisac remains 
beh ind , and coalesces w i t h the s t roma o f the ov ige rous l a y e r , t o 
f o r m , accord ing to B a r r y , a ' vesicle analogous t o t h e G r a a f f i a n 
vesicle o f M a m m a l s ; ' 1 b u t the evacuated ovisacs collapse and 
speedily disappear, a f t e r the discharge o f the ova, i n t h e s h r u n k e n 
o v a r i u m o f D e r m o p t e r i and i n the collapsed o v a r i a n b a g o f Osseous 
F i s h e s : t h e y are longe r recognisable i n t h e m o r e compac t and 
so l id ovaries o f t h e P lagios tomes . 

T h e ear l ier stages o f the deve lopement o f t h e o v u m w i t h i n the 
ovisac are i l l u s t r a t e d i n figs. 1 A - D ( p p . 1 a n d 2 ) , f r o m Bansom's 
observations o n the S t i c k l e b a c k (Gasterosteus aculeatus). I n 1 A 
the ovisac, c, has a d iamete r o f i n c h : t h e g e r m i n a l vesicle , d, 
appears as a gela t inous spheroid , w i t h f e w 'maculae ' a n d a scarcely 
de f in i t e w a l l : a s l i g h t l y t u r b i d fluid, a, fills t h e space be tween 
the vesicle and the ovisac, f r o m the i n n e r surface o f w h i c h a f e w 
del icate ep i t he l i a l cel ls , b, p ro jec t . I n B , w i t h a d iamete r o f 
YJ-Q i n c h , the maculae have increased i n n u m b e r , a n d t h e g e r m i n a l 
vesicle i n size : fine y o l k - g r a n u l e s have b e g u n t o aggrega te near 
the p e r i p h e r y , b u t the re is no v i t e l l i n e m e m b r a n e : on t h e ex te r io r 
o f the ovisac are t h e n u c l e i o f flattened cel ls . I n C, w i t h a 
d iameter o f y-^-g- i n c h , t he maculae have become m o r e numerous 
and d i s t i n c t : t he y o l k - g r a n u l e s m o r e a b u n d a n t and o p a k e : the 
yolk-mass is n o w more c i r c u m s c r i b e d , a n d a clear space in t e rvenes 
be tween i t and the ovisac. I n D , w i t h a d iamete r o f T T ^ i n c h , 
t he g e r m i n a l vesicle has m o r e maculae, b u t has ceased t o g r o w : 
t h e y o l k - g r a n u l e s are m u c h increased i n n u m b e r , a n d a clear 
pe r iphe ra l space indicates t h e b e g i n n i n g o f t h e f o r m a t i o n o f the 
e x t e r n a l membrane , ch. 

T h e ' roe, ' or ova, o f Osseous F i shes , b e i n g u s u a l l y shed i n or 
on the sediment o f shores, are subjec t t o t h e a c t i o n o f the flow o f 
streams or break o f waves u p o n t h e i r sandy or g r a v e l l y b e d , and 
these p e l l u c i d and seeming ly de l ica te ves icu la r spherules are 
accord ing ly p r o v i d e d w i t h a v e r y elastic and r e s i s t i ng o u t e r coat, 
cons t ruc ted o n a p r i n c i p l e analogous to t h a t b y w h i c h a t o o t h 
sustains and exer ts i t s pressure. T h i s coat is composed o f a 
close-set series o f h o l l o w co lumns , set p e r p e n d i c u l a r l y t o t h e sur 
face, fig. 416 , h : t he p a r t o f the ou te r surface t u r n e d i n t o v i e w , a t 
c, shows the pores, or < l u m i n a , ' o f t h e t u b u l e s . T h e y o l k , a, w i t h 
i t s granules , g r anu l a r and nuc lea ted corpuscles , a n d o i l - g l o b u l e s , 
n o w shows i t s del icate s t ructureless m e m b r a n e , w h i c h fs p a r t l y 

1 cix 1st Series, p. 814. 
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detached f r o m t h e ectosac, as i t becomes a f t e r i m p r e g n a t i o n . 
A g a i n s t t he ectosac, h, are closely app l i ed the flattened e p i t h e l i a l 
cells, d, w h i c h l i n e the ovisac and p r o b a b l y c o n t r i b u t e t o t h e 
g r o w t h or t h i c k e n i n g o f t h e e x t e r n a l membrane . I n the P e r c h 
the ectosaccal tubes have a 
s l i g h t l y sp i ra l course, and 
the pe r iphe ra l end o f each 
is set i n a s m a l l hexagonal 
p r i s m : th i s ou te r s t r a t u m 
serves to connect the ex
c luded ova i n groups . T h e 
ova o f the S t i ck leback have 
v i l l i developed f o r th i s p u r 
pose f r o m one p a r t o f the 
ex te r io r , figs. 417 and 4 2 1 . 

T h e s t ruc tu re o f the ou te r 
coat o f the ova o f Fishes r e 
lates n o t o n l y to the accidents 
o f appulse, b u t to the act o f 
i m p r e g n a t i o n , w h i c h takes 
place a f t e r exc lus ion and 
exposure. Besides the pores, 
or t u b u l a r or i f ices , o f the 

ectosac, t h e r e has been observed, i n t h e ova o f Gasterosteus,1 

Salmo,2 Blennius,3 Esox, Trigla* a f o r a m e n homologous w i t h the 
m i c r o p y l e o f the i nve r t eb ra t e o v u m . D r . B a n s o m , i t s discoverer , 
has observed the passage o f the spermatozoa t h r o u g h th i s f o r a m e n 
i n t o the o v u m . F i g . 4 1 7 , A , gives a m a g n i f i e d v i e w o f a p o r t i o n 
o f t he surface o f a m a t u r e ova r i an o v u m o f the S t i ck l eback , 
s h o w i n g the funne l - shaped depression l ead ing to the aper tu re o f 
t h e m i c r o p y l e , w i t h a f e w o f the flask-shaped v i l l i o f the ou te r 
m e m b r a n e : B represents d i a g r a m m a t i c a l l y a sect ion o f t h e ectosac 
and f u n n e l o f t h e m i c r o p y l e : C is a p o r t i o n o f the membrane 
at t he apex o f t h e f u n n e l , w i t h the aper tu re o f the m i c r o p y l e 
pressed flat, o f the T r o u t ' s egg , m a g n i f i e d 500 d i ame te r s : D is 
a s imi l a r p o r t i o n , m a g n i f i e d 1,000 diameters , s h o w i n g the e l u m e n ' 
o f t he ectosaccal tubu les , and the hexagona l d i v i s i o n o f the spaces 
b e t w e e n t h e m . 5 

I n t he Batrachia ( F r o g ) a greater p r o p o r t i o n o f the ova r i an ova 
show d i f f e r e n t states o f developement , p rev ious to sexual p a i r i n g , 
t h a n i n Osseous F ishes , a l t h o u g h a l l those des t ined f o r i m p r e g -

1 CLXXVI. 2 cccviu. and cccix. p. (101)- 3 cxxx. pt. i i . p. 4. 
4 cccx p. 376, fig. 6. 5 cccvni. p. (101). 

Q Q 2 
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na t i on a t the same season are s imul t aneous ly r i pened . A s soon 
as the ge rm-ce l l is recognisable , i t is con ta ined i n a del icate ovisac, 
and speedily exh ib i t s several n u c l e i , or maculae, fig. 4 1 8 , B , g: i t is 

Micropyle of the ovum in osseous Fish, cccvui. Batrachian ovum in the ovisac, -~th inch diam. cccvin. 

su r rounded b y a clear a lbuminous y o l k fluid, vp, w h i c h g r a d u a l l y 

~,ZtLZ ^°Ut W,hi?h accumulate! 
among y, h ,ch is the opakc o r d a r k aggregate p e c u l i a r t o Batrachia 
a n d cal led the y o l k - n u c l e u s , i b . T h i s b o d y d i s a p p e a r s he 
yolk-mass approaches tts m a t u r e b u l k , a n d a c q u i r e d t h e l a r ' e r 
quadrda te ra ! or q u a d r a n g u l a r par t ic les . T h e smooth a n d w e l l 
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def ined p e r i p h e r y o f the yolk-mass is i n close contac t w i t h the 
l aye r o f nuc lea ted cells l i n i n g the ovisac, i b . s: and at a l a t e r 
stage o f developement , w h e n the p igment -ce l l s have been app l i ed 
to t h e surface o f the g e r m i n a l p o r t i o n o f the y o l k , a d i s t i n c t 
e x t e r n a l membrane is present. I n the m o n t h o f F e b r u a r y t h e 
maculae o f the g e r m - c e l l m u l t i p l y and f o r m aggregates, w i t h 
envelopes, r ep resen t ing cells w i t h a g r a n u l a r nucleus , w h i c h 
nuc leus f i n a l l y disappears, and the so-rendered clear cells escape 
b y so lu t i on o f the coat o f t h e g e r m - c e l l i n t o the s u r r o u n d i n g 
yolk-subs tance , th i s r u p t u r e or disappearance o f the ge rm-ce l l 
p reced ing , as i n some Osseous Fishes , the recep t ion o f the m a t t e r 
o f the spermatozoon. T h e r ipe ova r i an o v u m o f the F r o g (Rana 
temporaria) is f r o m y 1 ^ to T

lg- i n c h diameter . T h e outer membrane 
(ectosac) o f the o v u m , a f t e r q u i t t i n g t h e o v a r i u m , is su r rounded 
and defended, before exc lus ion , b y the ge la t inous secret ion o f the 
o v i d u c t : i t does n o t show the s t r uc tu r e o f t h a t o f the F i s h . I f 
a ' m i c r o p y l e ' ex is t p r i o r t o i m p r e g n a t i o n , as P r e v o s t and D u m a s 
r eco rd , 1 i t has escaped the express research o f some la ter observers. 2 

T h e f u l l - s i z e d o v u m o f t h e o v i d u c t re ta ins i t s spher ica l f o r m , fig. 
4 2 0 , A . I n the N e w t s the ectosac o f the o v u m is e l l i p t i c a l , 
fig. 4 2 0 , B , and a clear a lbuminous fluid in tervenes be tween i t 
a n d the y o l k . I n Triton cristatus the y o l k is b r i g h t y e l l o w : i n 
Lissotriton punctatus i t is ash-co loured : i n the Land-Sa l amande r 
i t is orange. I n tail less Batrachia the co lour is l i m i t e d to the 
surface o f the y o l k , w h i c h is g r e y b e n e a t h : i n the T o a d the 
p i g m e n t is a lmost b l ack , i n t h e F r o g i t is d a r k b r o w n : i n b o t h 
i t covers a l l t h e surface , save one smal l r o u n d spo t ; i n Alytes 
obstetricans i t covers h a l f the y o l k : i t stains v e r t i c a l l y f r o m \ 
t o y ^ o f t h e d iamete r o f the y o l k : i n a l l i t defines the g e r m i n a l 
p a r t o f the y o l k . 

§ 113. Ovulation in Cartilaginous Fishes and Scaled Reptiles.— 
I f t he genera t ive organs and p roduc t s were exc lu s ive ly to g o v e r n 
the c lass i f icat ion o f A n i m a l s , t he Chimaeroids and Plagios tomes 
w o u l d be separated f r o m o ther A n a l l a n t o i d s , and be combined 
w i t h scaled R e p t i l e s , w i t h w h i c h t h e y agree i n the t y p e and 
grade o f t h e i r genera t ive organs, and i n the more i m p o r t a n t 
characters o f t h e s t r u c t u r e o f the o v u m . I t s essential c o n 
s t i t u e n t , t he g e r m - c e l l , has a s ingle nucleus , and i t becomes 
su r rounded , w h i l e i n the c i r cumsc r ibed o v a r y , w i t h a l a rge mass 
o f v i t e l l i n e substance, cons is t ing i n g rea t p a r t o f o i l y and 
a l b u m i n o u s m a t t e r , inclosed i n del icate vesicles. Besides these, 
t he re is a s m a l l p r o p o r t i o n o f the y o l k , cons i s t ing o f m i n u t e 

1 In the centre of the brown hemisphere, cccxi. p. 104. 2 ccexm. 
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granules and g r anu l a r corpuscles, more i m m e d i a t e l y s u r r o u n d i n g 
the g e r m - c e l l ; w h i c h , m o v i n g f r o m the cent re t o the p e r i p h e r y 
o f the y o l k , the re f o r m s the ' c i ca t r i cu la , ' the exc lus ive seat o f 
subsequent developement . I n the ca r t i l ag inous F i shes t h e i m 
p r e g n a t i n g in f luence is rece ived before the o v u m q u i t s t h e o v a r i u m , 

or s h o r t l y a f t e r . I n t h e 
egg's passage t h r o u g h t h e 
o v i d u c t t h e y o l k is sur
r o u n d e d b y fluid a l b u m e n , 
and f i n a l l y b y a case o f 
t h e denser a l b u m i n o u s 
secre t ion o f t h e n i d a -
m e n t a l g l a n d . T h e f o r m 
o f t h e egg w h e n thus 
inves t ed is r emarkab l e , 
and d i f f e r e n t i n d i f f e r e n t 
genera. 

I n t h e Ska te , fig. 4 1 9 , 
A , i t is an o b l o n g quad
r a n g u l a r flattened case, 
w i t h t h e angles p roduced 
f o r w a r d a n d b a c k w a r d , 
l i k e those o f a bu tcher ' s 
t r a y . I n t h e S p o t t e d 
D o g - f i s h , i b . B , t h e ova 
are also q u a d r a n g u l a r , 
b u t l o n g e r , a n d t h e angles 
are ex t ended i n t o filamen

t a r y t end r i l s , w h i c h a t t ach themselves t o floating bodies, a n d thus 
keep the o v u m near t h e surface , w h e r e t h e i n f l uence o f solar heat 
and l i g h t is greatest . I n Notidanus, w i t h a s i m i l a r l y shaped c i r r i -
gerous egg, the an te r io r a n d pos te r io r surfaces are crossed b y 
about t w e n t y pa ra l l e l t ransverse r idges . 1 I n Cestracion t h e egg 
is p y r i f o r m , w i t h a b road r i d g e , or p la t e , w o u n d edge-wise r o u n d 
i t i n five sp i ra l vo lu t ions . T h e eggs o f Callorhynchus resemble a 
broad-leaved f u c u s , i n the f o r m o f a l o n g depressed e l l ipse , w i t h 
a p l i ca ted and f r i n g e d m a r g i n . 2 T h e o v u m o f t h e Myxine 
ylutinosa, fig. 4 1 9 . c, is a l o n g e l l ipse , t e r m i n a t e d a t each end b y 
a tassel o f slender t u b u l a r filaments, t w e n t y - f i v e t o t h i r t y i n 
n u m b e r , expand ing at t h e i r f r e e end (oppos i te D ) i n t o a f u n n e l -
shaped process. 3 

1 xx. vol. v. p. 70, preps, nos. 3245, 3246. 
2 xx. vol. v. p. 69, preps, nos. 3235, A. and n. 3 cccvm. p. 51. 
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T h e s t ruc tu re and f o r m a t i o n o f the o v u m i n scaled and scu ted 
Rep t i l e s are essential ly the same as i n the ca r t i l ag inous F ishes . 
T h e g e r m - c e l l , w i t h a s ingle nuc leus , is first f o r m e d i n a del icate 
ovisac imbedded i n the s t roma o f a so l id o v a r i u m . A y o l k o f 
large size is added, o f w h i c h 
the grea te r p a r t consists o f 
la rge non-nuc lea ted o i l - v e s i 
cles, and the smal ler p a r t 
o f the v i t e l l i n e granules a n d 
cells w i t h a g r a n u l a t e d n u 
c leus ; these o r i g i n a l l y sur
r o u n d the ge rm-ce l l , t h e n 
indicate i t s t r a c t f r o m the 
centre to the p e r i p h e r y o f 
the y o l k , and f o r m w i t h the 
ma t t e r o f the g e r m - c e l l t he 
c ica t r i cu la , or b las toderm. 
T h i s occupies a m u c h smaller 
e x t e n t o f the surface o f the 
y o l k t h a n i n the sma l l -
y o l k e d eggs o f Bat rachians 
and Osseous Fishes , and 
segmenta t ion is l i m i t e d 
the re to , the rest o f the y o l k b e i n g n u t r i t i v e . T h e o v u m , c o n 
s i s t ing o f the above par ts , inclosed i n a v i t e l l i n e membrane , q u i t s 
the o v a r y and is rece ived i n t o the o v i d u c t : here i t acquires a 
ce r t a in p r o p o r t i o n o f so f t a l b u m e n , u p o n w h i c h is condensed a 
t h i n t o u g h l aye r , ca l led e chor ion . ' I n t h e ovo -v iv ipa rous Snakes 
(Viper a) and L i z a r d s (Zootocd) t h i s m e m b r a n e is t h i n : i n t h e 
oviparous species i t acquires a c rus t o f calcareous m a t t e r be fore 
exclus ion . T h i s c rus t is v e r y t h i n a n d scanty i n mos t Serpents 
and L i z a r d s , b u t is t h i c k e r i n Chelonia a n d Crocodilia, f o r m i n g a 
she l l . T h e egg is spher ica l i n some Chelonia, sphero ida l i n others , 
fig. 4 2 0 , F , e l l i p t i c a l i n Emys, fig. 3 9 9 : i n the Crocodi les the egg 
is a l o n g e l l ipse , fig. 4 2 0 , E . I n no r e p t i l e does i t show t h e 
o v a l f o r m w h i c h p reva i l s i n B i r d s , i b . C and D . 

§ 114. Fecundation in Fishes.— C e r t a i n changes and pecu l i a r 
phenomena a t t e n d the increase o f size o f the so f t and h a r d roes 
d u r i n g these p r i m a r y processes o f genera t ion . T h e colours o f 
t h e fish become m o r e m a r k e d and b r i l l i a n t : t h e d i f f e r e n t sexes 
are o f t e n d i s t i ngu i shed b y pecu l ia r t i n t s , as the ma le S t i c k l e b a c k 
b y his b r i g h t r e d t h roa t , f o r example . T h e cutaneous crest o n 
t h e head is developed i n Salarias and m a n y o ther B l e n n i o i d s , e.g., 
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i n the male v iv ipa rous B l e n n y , w h i c h , b y eversion o f the 
t e rmina t ions o f the sperm-canals, impregnates i n t e r n a l l y . T h e 
claspers i n the male Plagios tomes t h e n acqui re t h e i r f u l l deve
lopement and f o r c e : the basal g lands i n those o f t h e R a y s 
enlarge. I n Osseous Fishes the w h o l e abdomen swells , a n d t h e 
viscera are displaced b y the p rod ig ious b u l k o f the g e r m i n a l and 
seminal ma t t e r . 

A s the pe r iod o f ' f e c u n d a t i o n ' approaches, the female osseous 
fish seeks a f avourab le s i t ua t ion f o r depos i t ing her spawn , u s u a l l y 
i n shoal wa te r , w h e r e i t can be mos t i n f l uenced b y solar w a r m t h 
and l i g h t . T h e mar ine H e r r i n g , M a c k e r e l , and P i l c h a r d approach 
the shore i n shoals: t he fluviatile Sa lmon q u i t s the es tuary to 
ascend the r i v e r , o v e r c o m i n g , w i t h as tonish ing perseverance and 
force , the rapids or o ther mechanica l d i f f i c u l t i e s 1 t h a t impede i t s 
m i g r a t i o n to the sha l low sources, w h i t h e r the sexua l i n s t i n c t 
impels i t as the fit place f o r ov ipos i t i on . T h e female fish is 
closely pursued b y the male , sometimes b y t w o : i n the Cape l in 
(Mallotus) these s w i m o n each side o f he r , a i d i n g b y t he i r 
pressure i n the expu l s ion o f the spawn, and at t he same t i m e 
i m p r e g n a t i n g i t b y d i f f u s i n g over i t t he fluid o f the m i l t : t hus 
absorbed i n the sexual passion, t h e y have been seen, o n the 
shores o f N e w f o u n d l a n d , t o r u s h o n l a n d i n t h e i r spasmodic 
course over the shal lows, w h i c h t h e y s t rew w i t h the f ecunda ted 
ova. I n some genera v i o l e n t combats t ake place be tween the males. 
M r . Shaw, 2 a close observer o f the habi ts and developement o f 
the Sa lmon, s ta tes :—' O n J a n u a r y 10, 1836, I observed a female 
Sa lmon o f about 16 lbs. , and t w o males o f a t least 25 lbs . , engaged 
i n depos i t ing t h e i r spawn. T h e t w o males k e p t u p an incessant 
con f l i c t d u r i n g the w h o l e day f o r possession o f the f emale , and , 
i n the course o f t h e i r s t ruggles , f r e q u e n t l y d rove each o ther 
a lmost ashore, and were repea ted ly o n the surface, d i s p l a y i n g 
t h e i r dorsal fins and lash ing the w a t e r w i t h t h e i r ta i l s . T h e 
female t h r o w s herse l f a t i n t e rva l s o f a f e w minu te s u p o n her side, 
and , w h i l e i n t h a t pos i t ion , b y the r a p i d ac t i on o f he r t a i l , she 
digs a receptacle f o r her ova, a p o r t i o n o f w h i c h she deposits, 
and, aga in t u r n i n g u p o n her side, she covers i t u p b y the r e n e w e d 
ac t ion o f the t a i l , thus a l t e rna te ly d i g g i n g , depos i t ing , and c o v e r i n g 
the ova, u n t i l the process is comple ted b y the l a y i n g o f the w h o l e 
mass, an opera t ion w h i c h gene ra l ly occupies th ree or f o u r days. ' 

I n the ovo-y iv ipa rous Osseous Fishes the we l l -deve loped cloacal 
pap i l l a , i n w h i c h the sperm-ducts t e r m i n a t e , doubt less serves to 

1 Save those erected by stupid cupidity to effectually bar the salmon's progress. 
2 cxxiv. p. 551. 
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ensure i n t romis s ion . T h e superadded claspers i n the male P l a g i o 
stomes l e n d more e f fec tua l a id i n the act o f i n t e r n a l i m p r e g n a t i o n , 
f o r i n those species t h a t are oviparous the ova are impregna t ed and 
covered b y a n i d a m e n t a l coat, or e s h e l l / p r i o r t o exc lus ion . 

I n Osseous Fishes , w h e r e exc lus ion u s u a l l y precedes i m p r e g n a 
t i o n , t h e first change observed i n the 
o v u m a f t e r e n t e r i n g the w a t e r is i t s i m 
b i b i t i o n , caus ing a separat ion o f the ou te r 
t u n i c f r o m t h a t o f the y o l k , fig. 4 2 1 , A. 
D r . R a n s o m connects the phenomenon 
w i t h the passage o f the spermatozoa. 
t h r o u g h t h e m i c r o p y l e , w h i c h he ob 
served i n his exper iments o n the ova 
o f t h e S t i c k l e b a c k . 1 I n these ova, 
abou t th ree minu te s a f t e r i m p r e g n a t i o n , 
the f u n n e l o f the m i c r o p y l e , w h i c h h a d 
descended i n t o a depression o n the 
u p p e r surface o f the g e r m i n a l pa r t , fig. 
4 2 1 , B , began to be w i t h d r a w n b y the 
recession o f the e x t e r n a l membrane f r o m 
t h e surface o f the y o l k and the f o r m a 
t i o n o f the i n t e r v e n i n g clear space. 
A b o u t t e n m i n u t e s a f t e r i m p r e g n a t i o n 
t h e clear r e sp i r a to ry space is more 
m a r k e d : the g e r m i n a l l aye r , w i t h a f e w 
la rge o i l -g lobu les , is d i s t inguishable b y 
i t s opac i ty f r o m the clearer p a r t o f 
the y o l k , i b . A . I n the P e r c h i t presents a g r e y i s h , i n t h e P i k e 
a y e l l o w i s h , t i n t . T h e g e r m i n a l vesicle, w h i c h h a d p r e v i o u s l y 
become filled and obscured b y granu les a n d g r a n u l a r corpuscles , 
breaks u p to f o r m , or c o n t r i b u t e to f o r m , the g e r m i n a l l a y e r , 
w h i c h n o w becomes m o r e c i r c u m s c r i b e d a n d d i s t i n c t : t he process 
o f segmenta t ion , w h i c h f o l l o w s t h a t o f i m p r e g n a t i o n , is l i m i t e d 
t o the g e r m i n a l p o r t i o n o f t h e y o l k , w i t h w h i c h i t is co-extensive . 
I n the P e r c h t h e ova assume a g reen i sh t i n t s h o r t l y a f t e r i m p r e g 
n a t i o n . T h e r e is reason t o suppose t h a t i m p r e g n a t i o n o f t h e 
eggs o f b o t h Sharks a n d R a y s takes place i n t h e o v a r i u m or t h e 
con t iguous p a r t o f t h e o v i d u c t , f o r t h e y become enve loped i n t h e 
dense a l b u m i n o u s secre t ion o f t h e n i d a m e n t a l g lands a f t e r h a v i n g 
passed t h a t p a r t , w h i c h c o v e r i n g w o u l d p r e v e n t t h e subsequent 
i n f l uence o f t h e spermatozoa. 

§ 115. Developement of Fishes.—The g e r m i n a l l a y e r consists o f 
1 Cited in cccvni. p. 98. 

Ovum of the Gasterosteus at the time 
of impregnation. 
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to 
d iv i s ion 

a m i n u t e l y g r a n u l a r m a t t e r , w i t h clear corpuscles, v i t e l l i n e cel ls , 
and o i l - p a r t i c l e s : i t p ro jec ts f r o m the surface o f the y o l k , fig. 
4 2 2 , a, and becomes t r a n s p a r e n t : t he v i t e l l i n e and o i l -g lobu les , 
agg rega t i ng at i t s base, b u o y i t u p . T h e f o r m a t i o n o f t w o 
h y a l i n e centres is f o l l o w e d b y the cleavage o f the g e r m i n a l l a y e r 
i n t o t w o equal par ts , i b . b, and these are n e x t c l e f t at r i g h t angles 
i n t o f o u r , i b . c. I n the T e n c h th i s occu r red about h a l f an h o u r 
a f t e r the r i s i n g o f t h e ge rm- laye r . E a c h o f t h e f o u r divis ions 
undergoes subd iv i s ion , b u t i r r e g u l a r l y , i b . d: f u r t h e r sub

surface a m u l b e r r y character , i b . e, and 
finally the par ts are b r o k e n u p to 
such a degree o f minuteness t h a t 
the surface is aga in made smooth. 
T h e h y a l i n e p r i n c i p l e , w h i c h is the 
cent re and cause o f these successive 
d iv is ions , is t h u s d i f fu sed t h r o u g h , 
or assimilated b y , the w h o l e g e r m i n a l 
l aye r , w h i c h has t h e r e b y become 
the c germ-mass. ' I t n o w subsides 

to the f o r m o f a c i r cu la r disc, separated b y a l a y e r o f o i l -g lobules 
f r o m the y o l k . T h e process occupies about th ree days i n the 
Sa lmon, and f r o m fifteen to t w e n t y hours i n the P i k e : 1 be fo re i t 
is completed i n the l a t t e r fish the y o l k rotates w i t h i n the ectosac. 2 

A c a v i t y is f o r m e d i n the cent re o f t h e germ-mass, w h i c h , as 
the mass subsides and extends over the y o l k , is ob l i t e r a t ed b y the 
contact o f the outer and i n n e r layers . I t clothes h a l f the y o l k 
b y about the end o f the t h i r d day , and w h e n i t covers t w o - t h i r d s 
or more , the r o t a t i o n ceases. T h e m a r g i n o f the germ-mass 
encompassing the un inc losed p a r t o f the y o l k is t u m i d . N o 
r o t a t i o n takes place i n t h e o v u m o f the P e r c h , 3 and t h e g e r m -
mass incloses the w h o l e v i t e l l u s , as i n the C y p r i n o i d s . 

T h e pe r iphe ra l l aye r i n the P i k e begins to rise f r o m t h e t u m i d 
m a r g i n o f the germ-mass, as f r o m a base, and extends, c o n t r a c t i n g , 
towards the opposite p o l e : t h i s t r a c t o f germ-substance is the (em
b r y o n a l ' o r ' p r i m i t i v e trace. ' I t n e x t s inks i n a long the med ian l i n e , 
f o r m i n g a f u r r o w , w h i c h stops shor t o f the t w o ends o f t h e t race : 
t h a t end opposite the p o i n t f r o m w h i c h the g e r m began, swel ls i n t o 
the head, and the med ian f u r r o w expands u p o n i t ; t he cephalic 
borders are n e x t u n i t e d b y a t h i n l aye r o f ep i the l i a l cells above the 
f u r r o w , c o n v e r t i n g i t i n t o a c a v i t y or v e n t r i c l e , a n d the m y e l o n a l 
f u r r o w is s i m i l a r l y covered b y a l aye r , u n i t i n g t h e l a t e r a l co lumns . 
T h e e m b r y o n a l t race becomes longe r , n a r r o w e r , a n d bends r o u n d 

1 cccxix. p. 486. - cxxxi. 3 Ib. p. 512. 
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h a l f t he v i t e l l u s , fig. 4 2 2 , / . A l aye r o f ep i the l i a l cells f o r m s a 
n e t - w o r k over the w h o l e dorsal ( u p p e r ) surface o f the e m b r y o . 
I n t h e germ-mass b roaden ing f r o m the p r i m i t i v e t race o b l i q u e 
striae appear, i n d i c a t i n g i t s d i v i s i o n i n t o segments : these b e g i n 
n ings o f aponeurot ic septa p r o b a b l y accompany and suppor t ner 
vous p roduc t ions f r o m the m y e l o n a l columns. 

T w o transverse const r ic t ions b e g i n to d i v i d e the cephalic 
en l a rgemen t i n t o th ree lobes, t he second and t h i r d o f w h i c h 
e x p a n d i n t o ves ic les : an accumula t i on o f cells at the sides o f t h e 
m i d d l e expansion appears to add g r e a t l y to i t s b read th , b u t f o r m s 
t h e basis o f the eyes. A s imi la r a ccumula t i on o f d a r k i s h g r a n u l a r 
m a t t e r o n each side o f the t h i r d en la rgement l ays the f o u n d a t i o n 
o f t h e acoustic vesicles. 

T h e d i f f e r e n t i a t i o n and confluence o f t h e ce l l -cons t i tuen ts o f 
the p r i m i t i v e t race have p r e v i o u s l y l e d t o the f o r m a t i o n o f a 
pa i r o f a lbuminous chords a long the sides o f the m e d i a n f u r r o w , 
f o r m i n g t h e m y e l o n p rope r ; t h e cells ex t e r io r t o and above t h e m 
are conver ted i n t o muscle and fibrous septa, w h i l s t benea th t h e 
co lumns is the j e l l y - f i l l e d c y l i n d e r , w i t h a t r ansverse ly s t r ia te 
sheath, po in ted at b o t h ends, f o r m i n g the e no tochord , ' fig. 4 2 3 , ch : 
i t s an ter ior p o i n t passes a l i t t l e 
i n advance o f the acoustic ves i 
cles, i b . f . B e n e a t h t h e n o t o 
chord and s u r r o u n d i n g b las tema 
is s t re tched t h e vege ta t ive or 
mucous l a y e r o f cel ls , i n contac t 
w i t h the y o l k . B o t h head and 
t a i l o f the n o w c y l i n d r i c a l em
b r y o are l i b e r a t e d f r o m t h e sur
face o f the y o l k . A f o l d o f 
blastema, re f l ec ted f r o m t h e u n d e r p a r t o f t h e head, s inks , l i k e a 
pouch , i b . / , i n t o the y o l k , a n d soon inc ludes the r u d i m e n t o f t h e 
hear t , l i k e a b e n t c o r d , i b . k, w h i c h begins t o osci l la te abou t t h e 
seventh day. F r o m t h e m i d - l i n e o f t h e i n f e r i o r surface o f t h e 
e m b r y o , or i t s m u c o u s l aye r , t w o l o n g i t u d i n a l plates descend, 
d i v e r g i n g i n t o t h e yo lk - subs t ance , a n d f o r m the p r i m i t i v e in te s 
t i n a l g roove . 

T h e o p h t h a l m i c vesic le , i b . g, elongates and curves o u t w a r d , u n t i l 
t h e t w o ends a lmos t come i n t o c o n t a c t : b e t w e e n those ends a n d 
benea th t h e de l ica te t e g u m e n t a r y l a y e r c o n n e c t i n g t h e m t h e 
c r y s t a l l i n e lens , i b . h, is f o r m e d . A b o u t the same t i m e , t h e 
o to l i t es appear i n t h e acoustic vesicles, i b . f , a n d these have n o w 
a c q u i r e d a ca r t i l ag inous case. T h e cerebra l lobes, P, b e g i n t o 
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be f o r m e d b y smal l f o ld s , r i s i n g l a t e r a l l y , a n d o v e r l a p p i n g t h e 
fo re -pa r t o f the second en la rgement , i b . O, w h i c h has expanded t o 
greater b read th . T h e o l f a c t o r y cavi t ies appear as smal l cutaneous 
depressions or fo l l i c l e s , i b . r. 

T h e t w o m y e l o n a l co lumns , e x p a n d i n g be tween the ear-sacs, 
and reced ing so as t o show t h e no tocho rd benea th , b e n d u p w a r d 
a n d i n w a r d , a n d u n i t e , t o be c o n t i n u e d i n t o t h e back p a r t o f 
the opt ic lobes, t hus commenc ing t h e cerebel lar b r i d g e , i b . C, 
across the epencephalic v e n t r i c l e . T h e encephalic vacui t ies have 
b e g u n to be filled b y the g r a n u l a r basis o f the cerebra l fibre or 
substance. T h e i n t e s t i n a l g roove begins to be conver ted i n t o a 
canal a t i t s t w o ends, w h i c h are c losed : beneath the an te r io r end, 
and b e h i n d the hear t , p rogress ive ly accumulates the ce l lu la r basis 
o f the l i v e r . T h e f r e e caudal end o f the e m b r y o g rows r a p i d l y ; 
muscu la r heavings o f the b o d y occur before the hear t beats, a n d 
pu l sa t ion begins before the c a v i t y is v i s i b l e i n the cell-mass. 
T h e hear t appears first as a c y l i n d e r o f cel ls , chang ing i n i t s 
movements f r o m a s t r a igh t t o a b e n t fissure, fig. 4 2 3 , k, and p r o 
p e l l i n g o n l y colourless p l a sma ; a canal is n e x t seen, a long w h i c h 
the blood-par t ic les t raverse the c y l i n d e r , f r o m the y o l k be low to 
the head above : these b lood-par t ic les are spher ica l or p o l y h e d r a l , 
colourless and homogeneous, and are more m i n u t e t h a n the 
g e r m i n a l cells. T h e cardiac c y l i n d e r is n e x t d i v i d e d b y a con
s t r i c t i o n i n t o an au r i cu l a r a n d a v e n t r i c u l a r compar tmen t . T h e 
b lood , i n w h i c h the discs soon acqui re increased size and a pale 
r e d co lour , 1 is p rope l l ed f r o m the v e n t r i c l e b y channels encom
passing t h e f o r e p a r t o f the a l i m e n t a r y canal i n t o a dorsal t r u n k , 
w h i c h , a f t e r a shor t course, bends d o w n , and r e t u r n s as a v e i n t o 
the v i t e l l u s , over w h i c h the b lood at first courses i n unde te rmina te 
streams, b u t w h i c h converge to enter t h e a u r i c u l a r d i v i s i o n o f 
the heart . A s the abdomina l c a v i t y , in tes t ine , and b o d y elongate, 
a succession o f such v e r t i c a l loops is f o r m e d , reced ing f r o m the 
first, w i t h cor responding e longa t ion o f the aor ta and postcaval , or 
en te ro -v i t e l l ine , v e i n . T h e aorta soon sends o f f pairs o f t r ans 
verse loops, cor responding w i t h t h e v e r t e b r a l segments, t h e 
r e t u r n i n g channels o f w h i c h open i n t o or cons t i tu te the ca rd ina l 
v e i n . T h e e m b r y o n o w encompasses the y o l k , as i n fig. 4 2 2 , g. 

I n the eye the c ry s t a l l i ne , developed f r o m the ep i the l i a l l aye r 
u n i t i n g the t w o ends o f the b e n t o p h t h a l m i c vesicles, s inks deeper 

1 Lerebouillet observed in embryo-fishes raised in tanks from artificial impregna
tion, that the blood-particles were later in formation, and more scanty than in the 
embryos derived from the free streams : a remark worthy the attention of the breeder 
of fish, cccxix. 580. 



DEVELOPEMENT OF FISHES. 605 

as those ends app rox ima te each other. T h e cho ro id appears i n the 
f o r m o f an i n n e r c y l i n d e r , app l i ed t o t h e sunk back -pa r t o f t h e 
lens, and i t s ex t r emi t i e s , a p p r o x i m a t i n g and u n i t i n g , produce t h e 
choro ida l fissure: the eye is n o w the mos t conspicuous p a r t o f 
t h e e m b r y o , especial ly i n the o v u m o f the Salmonidce, and is a 
u s e f u l s ign to t h e p i s c i c u l t u r i s t o f the i m p r e g n a t i o n a n d v i t a l i t y 
o f the egg. 

T h e h i n d e r caecal p a r t o f the i n t e s t i ne r a p i d l y elongates, f r o m 
beh ind f o r w a r d , t h e y o l k a d v a n c i n g i n pos i t i on . T h e an te r io r 
caecum also elongates f r o m before b a c k w a r d : t h e open p a r t o f 
the in tes t ine , w h i c h communica tes w i t h the v i t e l l i n e sac, becomes 
i n the same measure cons t r i c t ed . 

W h e n the t w o d iv is ions o f the hear t are b e n t u p o n one another , 
the l i v e r shows several sma l l caeca, w h i c h r a p i d l y m u l t i p l y , a n d 
become o p a k e : i t is s i tua ted , fig. 4 2 4 , I, b e h i n d t h e hea r t a n d 
above the y o l k , n o w b e c o m i n g reduced t o a g l o b u l e o f o i l , w h i c h 
is l o n g re t a ined i n the y o u n g P e r c h . 

T h e p r i m o r d i a l k i d n e y s appear as t w o p a r a l l e l r o w s o f r o u n d e d 
cells, above the l i v e r , t h e i r ducts u n i t i n g t o f o r m a t u b e , w h i c h 
runs above t h e in t e s t ine , and di la tes above t h e h i n d e r caecal end 
o f the g u t . 

T h e pec to ra l fins b e g i n t o b u d f o r t h : t he p ro tocerca l m e m 
branous fin-fold commences a t t h e m i d d l e o f t h e back, borders 
the t a i l , and r e t u r n s a long t h e b e l l y as f a r as the v i t e l l u s . L a r g e 
p igment -ce l l s are spread over t h e yo lk - sac , w h i c h become s te l 
la te . M u s c u l a r fibres appear i n t h e m y o c o m m a t a as t r anspa ren t 
cy l inde r s , w i t h o u t t h e t ransverse striae: t h e y m o v e the t a i l 
v i g o r o u s l y , and cause t h e e m b r y o a n d i t s yo lk-sac , i n t h e P e r c h , 
t o ro ta te i n t h e egg. T h i s has increased i n size b y i m b i b i t i o n 
o f wa t e r , and i t s e x t e r n a l coat is t h i n n e d b y s t r e t c h i n g ; i t n o w 
gives w a y , and t h e e m b r y o is e x t r i c a t e d , abou t t h e t e n t h day i n 
the P i k e and the t w e l f t h day i n t h e P e r c h . T h e size and shape o f 
the yo lk - sac , fig. 4 2 4 , c, v a r y i n d i f f e r e n t k i n d s o f Osseous Fishes . 1 

T h e v i t e l l i n e vascular n e t w o r k , i b . d, is t he first r e s p i r a t o r y o r g a n 
o f t h e fish: i t s d iv i s ions c a r r y t h e blood-discs o n l y i n s ingle files. 
T h e ou t e r t u n i c c o v e r i n g t h e vascular one p e r m i t s the in t e rchange 
o f gases b e t w e e n t h e b l o o d a n d the w a t e r outs ide . T h i s r esp i red 
or a r t e r i a l b l o o d is m i x e d w i t h the venous b l o o d w h i c h is r e t u r n e d 
to t h e h e a r t b y t h e c a r d i n a l ve ins , a n d is d i s t r i b u t e d , so m i x e d , 
b y t h e ar ter ies . T h e v i t e l l i n e capi l la r ies g r a d u a l l y exchange a 
r e t i c u l a t e f o r a p a r a l l e l l o n g i t u d i n a l course, w i t h d i m i n u t i o n o f 

1 In artificial hatching, young trout, and especially char, show a difficulty in extri
cating the yolk-sac, and many perish from inability to liberate themselves. 
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numbers and increase o f s ize : and as the fitness o f the vascular 
surface f o r r e sp i ra t ion decreases, the deve lopement o f t h e g i l l s 
progresses. T h e b ranch i a l arches appear, th ree i n q u i c k succes
sion, f r o m b e h i n d f o r w a r d , and b r a n c h i a l tuberc les b u d f r o m t h e m 
i n l i k e order. T h e m o u t h a n d t h e b r a n c h i a l s l i ts b e i n g n o w 
opened, the arches move r y t h m i c a l l y , so as t o produce b r a n c h i a l 
cur ren ts : t he b lood is y e l l o w i s h , a n d the discs b e g i n to show the 
flat o v a l shape. A s the v i t e l l i c l e decreases, i t s c i r c u l a t i o n is 
changed, or merged i n t o the p o r t a l hepat ic s y s t e m ; a n d n o w t h a t 
t h r o u g h the b r a n c h i a l buds begins . T h e change o f the v i t e l l i n e 
f o r t he b r a n c h i a l c i r c u l a t i o n relates, i n a genera l w a y , t o t h a t 
f r o m the conf ined to the f r e e state o f the y o u n g fish: b u t no 
such al terat ions o f t h e c i r c u l a t i n g or b r e a t h i n g systems a t tend 
the escape o f the fish f r o m t h e egg as m a r k e x t r i c a t i o n i n the 
R e p t i l e and B i r d , or b i r t h i n the M a m m a l . V i t e l l i n e resp i ra t ion , 
ca r r i ed on in ovo b y means o f the i m b i b e d w a t e r be tween the outer 
and v i t e l l i n e t un ic s , cont inues t o operate f o r a l onge r or shorter 
pe r iod a f t e r the l i t t l e fish is f r e e , accord ing to t h e species, and also 
according to the i n d i v i d u a l c o n s t i t u t i o n i n the same species. 

E a c h b ranch i a l b u d is a t first a so l id cell-mass, and is excavated 
to receive the b lood w i t h blood-discs i n s ingle file : secondary 
tuberc les b u d f o r t h a t r i g h t angles t o the p r i m a r y ones, t h r o u g h 
w h i c h s imi la r b lood cu r ren t s flow: t h e p r i m a r y buds become the 
stems o f the leaflets i n t o w h i c h the secondary ones are developed, 
and t h e ca r t i l ag inous axis o f the a r ch and stems n e x t appears. 
T h e pseudo-branchia also shows i t s e l f b e h i n d the eye, i n the f o r m 
o f flattened e longated fo ld s , t h r o u g h w h i c h the b lood courses a t 
first i n a f e w vascular loops. I n the Anabas, and p r o b a b l y o ther 
L a b y r i n t h i b r a n c h s , t h e 
ep ibranch ia l reservoir , 
fig. 325 , re ta ins a com
para t ive degree o f s i m 
p l i c i t y u n t i l t he fish is 
f u l l - g r o w n . 

T h e i n t e s t i na l canal , 
a f t e r the f o r m a t i o n o f the 
m o u t h and v e n t , re ta ins 
i t s u n i f o r m diameter , ex
cept whe re i t is p a r t l y 
su r rounded b y a mass o f 
the cells , i n w h i c h the 
l i v e r , fig. 4 2 4 , 1 , is deve loped : the ga l l - b l adde r appears t o be a caecal 
p r o d u c t i o n f r o m the in tes t ine , i n d e p e n d e n t l y o f the l i v e r . Oppos i te 
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the l i v e r a t ube rc l e o f cells buds ou t , w h i c h elongates, enlarges, 
and t h e n acquires a c a v i t y : th i s is t he b e g i n n i n g o f the a i r -
b ladder , i b . s. M a n y Fishes r e t a i n the t u b u l a r connect ion w i t h 
the a l i m e n t a r y canal , a n d those w h i c h u l t i m a t e l y lose the ' duc tus 
p n e u m a t i c u s ' u s u a l l y r e t a i n f o r a l onge r or shor ter p e r i o d t h a t 
evidence o f t h e place and mode o f o r i g i n o f the a i r -b ladder . 
T h e pos te r ior c o m p a r t m e n t o f the a i r -b ladder is first developed 
i n the C y p r i n o i d s , w h i c h accounts f o r t h e connec t ion o f the 
a i r -duc t w i t h t h a t p a r t : the w h o l e pos ter ior compar tmen t disap
pears w i t h t h e d u c t i n t h e L o a c h . I n the H e r r i n g the p r i m i t i v e 
place o f i t s connec t ion w i t h t h e a l i m e n t a r y canal is r e ta ined . 

T h e u re t e r , q, developed f r o m the in te s t ine before the e m b r y o 
qui t s the o v u m , communica tes w i t h the ex t r emi t i e s o f the t r ans 
verse pa ra l l e l t u b u l i , p, f o r m e d b y conf luence o f p r i m i t i v e cells i n 
the r ena l blastema. T h e ca rd ina l ve ins t raverse or g roove t h e 
rena l organs, as t h e y do t h e W o l f f i a n bodies i n the embryos o f 
h igher V e r t e b r a t e s ; and th i s p r i m i t i v e r e l a t i o n o f the vascular t o 
the rena l sys tem is n o t changed i n Fishes b y the s u b s t i t u t i o n o f 
t r u e k idneys f o r the p r i m o r d i a l r e n a l organs. I n m a n y Fishes a 
cascal process is deve loped f r o m t h e f o r e , or v e n t r a l , surface o f 
the t e r m i n a t i o n o f t h e i n t e s t i ne , a n d extends f o r w a r d , as a 
b l adde r : i t s g r o w t h is ar res ted at va r ious stages i n d i f f e r e n t 
species, and i t is t e r m e d ' u r i n a r y b ladder , ' b u t i t is t h e homologue 
or b e g i n n i n g o f t h e a l lanto is . 

T h e i n t e s t i n a l w a l l is comple t ed , and t h e fissure b e h i n d the 
l i v e r closed, b y t h e t i m e t h e y o l k is consumed. T h e v e n t opens, 
i n the P i k e , o n t h e f o u r t h day a f t e r e x t r i c a t i o n : i n the P e r c h 
coloured par t ic les added t o t h e w a t e r w e r e seen t o t raverse t h e 
in tes t ine , and escape ' pe r a n u m ' on the s i x t h day . 1 P r e v i o u s l y 
the mucous w a l l s o f the g u t are i n con tac t , a l t h o u g h the p e r i 
s ta l t ic movements are ac t ive . A b o u t t h e e i g h t h day t h e presence 
o f b i l e is i n d i c a t e d b y the co lour o f the ga l l - b l adde r and ducts . T h e 
stomach expands, a n d d iv ides the oesophagus f r o m the in tes t ine . 

A f t e r e x t r i c a t i o n t h e eye loses t h e choro ida l fissure: t h e i r i s ac
quires the s i l v e r y p i g m e n t . T h e ear-sacs assume a t r i a n g u l a r f o r m : 
the t w o o to l i tes g r o w u n e q u a l l y b y a d d i t i o n a l calcareous layers . 

T h e p r i m a r y en largements o f th,e encephalon are connected , 
r e spec t ive ly , w i t h t h e acoust ic , o p t i c , a n d o l f a c t o r y n e r v e s : t h e 
a n t e r i o r one, fig. 4 2 4 , p , becomes d i v i d e d i n t o prosencephalon a n d 
r h i n e n c e p h a l o n ; t h e second, o , r a p i d l y gains super io r b u l k i n 
connec t ion w i t h t h e l a rge eyebal ls , and i t s p i n e a l and p i t u i t a r y 
appendages appear as vascular m e m b r a n o u s canals. T h e cere-

1 CCCxix. p. 483. 
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b e l l u m is the las t p a r t w h i c h is f o r m e d b y r e f l e c t i o n u p o n t h e 
uppe r and f o r e p a r t o f the epencephalon, A. 

T h e mode o f deve lopement o f the ca r t i l ag inous c r a n i u m is 
described at pp . 7 1 - 7 4 . I n t h e P e r c h a l a y e r o f car t i lage-cel ls 
beneath the f o r e - p a r t o f the head is c o n t i n u e d d o w n o n each side 
i n t o the f r o n t border o f the i n f e r i o r t ransverse m o u t h : a second 
car t i l ag inous a rch extends f r o m t h e side o f t h e c r a n i u m , b e h i n d 
the eyes, and supports t h e h i n d e r and more p r o m i n e n t border o f 
the m o u t h : a delicate car t i l ag inous filament f r o m each side o f the 
occ ipu t seeks an a t tachment w i t h the basis o f t h e r a p i d l y v i b r a t i n g 
pec to ra l fin, and proceeds to c u r v e beneath t h e cardiac chamber . 
B e t w e e n th i s basis o f t h e scapular a r c h and the m a n d i b u l a r a rch 
are d iscernible several smal ler arches, benea th t h e l a rge ear-sacs, 
o f w h i c h th ree are conspicuous as ' b r a n c h i a l arches, ' b u t the 
fo remos t acquires t h e mos t decided g r i s t l y s t r u c t u r e , and is 
p r o x i m a l l y a t tached t o the o r ig ins o f the m a n d i b u l a r a r c h : i t 
becomes the h y o i d arch. T h e first a n d second i n f e r i o r or haemal 
arches, ca l led e m a x i l l a r y ' and ' m a n d i b u l a r , ' ro t a t e f o r w a r d u p o n 
t h e i r p iers , or po in t s o f a t t achment , a n d f r o m b e i n g v e r t i c a l 
become more and more o b l i q u e , u n t i l t he o p e n i n g o f t h e m o u t h is 
b r o u g h t t o t h e fo re -pa r t o f the head, a n d becomes t e r m i n a l i n 
p o s i t i o n : t h e t h i r d , or h y o i d , a rch , i n a m i n o r degree, takes the 
same f o r w a r d i n c l i n a t i o n : t h e arches be tween t h i s a n d the 
scapular one are monopol i sed b y the b r a n c h i a l organs, w h i c h are 
t r a n s i t o r y or undeve loped i n the h i g h e r Haematocrya . Ossif ica
t i o n i n the p r o t o - c r a n i a l ca r t i l age begins i n the f o u r pairs o f 
neurapophyses , a n s w e r i n g to t h e f o u r haemal arches b e l o w , and to 
the f o u r p r i m a r y divis ions o f the e n c e p h a l o n : t h e f o u r v e r t e b r a l 
segments composing the head are as i n s t r u c t i v e l y i l l u s t r a t e d b y 
t h e developement o f the s k u l l as b y t h a t o f the b r a i n . 

T h e scales are f o r m e d la te i n a l l Osseous F i s h e s : t h e i r i n t e g u 
ments r e m a i n smooth and l u b r i c o u s , as i n the D e r m o p t e r i , some 
t i m e a f t e r the disappearance o f the v i t e l l u s . 

A f t e r the f o r m a t i o n o f t h e e m b r y o n a l , con t inuous fin-fold 
blastema accumulates i n i t s dorsa l , ana l , a n d caudal r eo ions -
and , as the rays are here f o r m e d , t h e i n t e r v e n i n g membrane 
begins to be absorbed. T h e fin-rays (dermo-neura l s and -haemals) 
commence near the f r e e border , and elongate b y approachino- t h e 
n e u r a l sp ines : t h e y there meet t h e i n t e r -neu ra l s a n d -haelnals, 
w h i c h g r o w i n the opposite d i r e c t i o n . D u r i n g the f o r m a t i o n o f 
t h e caudal rays , the end o f t h e no tocho rd , i n t h e P i k e , P e r c h 
a n d Sa lmon , bends u p w a r d , or < n e u r a d : ' t he he te rocerca l t y p e 
succeeds the pro tocerca l one, and is f o l l o w e d b y the r e s u m p t i o n 
o f s y m m e t r y under the more advanced < h o m o c e r c a l ' c o n d i t i o n . 
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T h i s , as a r u l e , is the f o r m and s t ruc tu r e acqu i red b y the t a i l i n 
e x i s t i n g Teleostomous F i shes : b u t t h e ' h e t e r o c e r c a l ' m o d i f i c a t i o n 
does n o t i n t e rvene be tween the p r o t o - a n d homo-cerca l ones i n 
the Gadidce. 

T h e pec to ra l fins are developed u s u a l l y be fo re e x t r i c a t i o n , and 
are o f t e n o f l a rge r e l a t i ve s i ze : i n th i s respect, as w e l l as i n the 
i n f e r i o r pos i t ion o f the m o u t h , i n t h e u n s y m m e t r i c a l f o r m o f t h e 
t a i l , i n the g r i s t l y ske le ton , and uncovered g i l l - s l i t s , t h e e m b r y o 
Sa lmon, P i k e , P e r c h , & c , man i fe s t t r a n s i t o r y characters w h i c h 
are pe rmanen t i n Sharks . 

T h e s ingu la r p roduc t ions o f the r o s t r u m i n most P lagios tomes , 
l i k e the e longa t ion o f the j a w s i n osseous species, are l a t e r 
phenomena o f developement . I t is i n t e r e s t i n g to find the b road , 
depressed, obtuse e m b r y o n i c f o r m o f head c o m m o n t o m a n y o f t h e 
Fishes o f the o l d red-sandstone. M . Agass iz t hus accounts f o r t h e 
ext reme r a r i t y o f t h e I c h t h y o l i t e s o f t h i s f o r m a t i o n p re sen t ing a 
p ro f i l e v i e w o f t h e h e a d : i t l ies i n mos t cases u p o n the uppe r or 
the under surface o f the b o d y . 

A l l the P lag ios tomes have the e x t e r n a l as w e l l as the i n t e r n a l 
d iv i s ion o f the v i t e l l i c l e , fig. 425 ; 
the peduncle o f t h e e x t e r n a l one 
d, is longer , i n some species c o n 
s iderably so, t h a n i n Osseous 
Fishes, and i t is beset w i t h v i l l i 
i n Carcharias a n d Zygcena.1 

T h e t e g u m e n t a r y c o v e r i n g o f t h e 
outer y o l k , i b . d', is denser and 
more opake i n P l a g i o s t o m e s : 
the i n n e r y o l k , i b . e, is co
ve red o n l y b y t h e p rope r v i t e l 
l i n e t u n i c , w h i c h is t h i n and 
t r a n s p a r e n t : i t communica tes 
w i t h the sho r t t r a c t o f s m a l l 
in tes t ine w h i c h i n t e rvenes be
t w e e n t h e p y l o r u s a n d t h e v a l 
v u l a r s t r a i g h t g u t , h: i t receives 
the e x t e r n a l y o l k , d', as t h i s is 
p rogres s ive ly squeezed i n t o t h e abdomen b y t h e c o n t r a c t i o n 
anol i n t e r s t i t i a l ab so rp t i on o f i t s t u n i c s , c': a n d , as no p a r t o f t h e 
foetal a b d o m i n a l appendage is cast o f f , n o r t h e c h o r d d i v i d e d , t h e r e 
is no c i c a t r i x — n o u m b i l i c u s . T h e a r t e r i a l vessels o f t h e y o l k are 
d e r i v e d , n o t f r o m t h e mesenter ic v e i n as i n Osseous F ishes , b u t 

1 cxxni. tf. i i i . 
VOL. I . K R 
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f r o m rami f i ca t ions o f a b r a n c h o f t h e mesenter ic a r t e r y , a n d t h e 
b lood is r e t u r n e d to the mesenter ic v e i n . H u n t e r ' s p repara t ions 
o f the e m b r y o Carcharias ( N o . 1 0 6 1 ) , Scyllium ( N o . 3 2 5 0 ) , 
Spinax ( N o . 3 2 5 5 ) , and Alopias ( N o . 3 2 6 1 ) l , demonst ra te ano ther 
foetal p e c u l i a r i t y w h i c h l a t e r researches 2 have s h o w n to be p r o 
b a b l y common to a l l P lag ios tomes , v i z . t h e e x t e r n a l f r i n g e o f 
filaments developed f r o m the b r a n c h i a l surfaces, b: a t u f t extends 
o u t o f each aper ture , and even f r o m t h e sp i racula , a, i n t h e genera 
w i t h those accessory openings . E a c h filament contains a s ingle ca
p i l l a r y loop : 3 t h e y disappear e a r l y , b e i n g r e m o v e d b y absorp t ion . 
T h e last remnants m a y be seen i n the p r e p a r a t i o n o f the foetal S a w 
fish (Pristis, N o . 3 2 6 3 ) , 4 w h i c h is e i gh t inches i n l e n g t h , i n c l u d i n g 
the saw, and has t h e d u c t o f the e x t e r n a l v i t e l l i c l e a t tached. I n 

the oviparous Sharks , t he b r a n c h i a l filaments 
react on t h e streams o f w a t e r a d m i t t e d i n t o the 
egg b y the aper tures , fig. 4 2 6 , c. I n the ovo-
v i v i p a r o u s Sharks t h e size a n d pos i t i on o f the 
cloacal apertures o f the u t e r i w o u l d seem adapted 
t o a l l o w f r e e ingress o f sea -wate r ; so t h a t , 
w h i l s t t h e v i t e l l i c l e , i b . b, adminis te rs t o the n u t r i 
m e n t o f the e m b r y o , a, t h e e x t e r n a l branchiae m a y 
p e r f o r m t h e r e s p i r a t o r y f u n c t i o n . I n the smooth 
Emisso le {Mustelus levis), vascular co ty ledons are 
developed f r o m t h e v i t e l l i n e (omphalo-mesen-
t e r i c ) capi l la r ies , w h i c h are firmly connected t o 
the u t e r i n e c o t y l e d o n s ; so t h a t here t h e v i t e l 
l i c l e , l i k e a t r u e p lacenta , m a y p e r f o r m b o t h t h e 
n u t r i e n t and r e s p i r a t o r y f u n c t i o n s : t h e e x t e r n a l 

branchiae disappear some t i m e before the exc lus ion o f t h e e m b r y o 
a n d the absorp t ion o f t h e y o l k . I n the Lepidosiren annectens5 

t h ree sma l l e x t e r n a l b r a n c h i a l filaments p r o j e c t f r o m t h e s ingle 
ope rcu la r ape r tu re o n each side, and are l o n g r e t a ined . 

Some o f the P lag ios tomous Fishes are ov iparous , b u t n o t as i n 
the m a j o r i t y o f Osseous F i s h e s ; a r e m a r k a b l e t r anspos i t i on i n t h e 
t imes o f the processes o f f e c u n d a t i o n a n d exc lus ion m a r k s t h e 
d i s t i n c t i o n . I n t h e ov iparous Osseous Fishes t h e ova are first 
exc luded , t h e n i m p r e g n a t e d : i n t h e ov iparous P lag ios tomes i m 
p r e g n a t i o n is i n t e r n a l , a n d precedes o v i p o s i t i o n . T h e eggs are 
m u c h f e w e r i n n u m b e r , b u t t h e i r i m p r e g n a t i o n is more c e r t a i n 
t h a n i n the scat tered i n d i s c r i m i n a t e ac t o f s p a w n i n g o f the 
Osseous Fishes , w h e r e the countless n u m b e r s o f t h e ova seem t o 

Egg and Embryo; Scyl
lium. One fourth nat. 

size. 

1 xx. vols. i i . and v, 
2 Rudolphi, LXXVI . ; Rathke, c x i . ; Leuckart, cxxv . ; J. Davy, L X X X I I . 

A. Thompson, cxi , 4 xx. vol. v. » Jardine. cxx'xv.: Pet, Jardine, cxxxv.j Peters, cxxxvi. 
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compensate f o r t h e chances t h a t m a y in t e rvene t o p r e v e n t t h e 
con tac t o f t h e m i l t . 

§ 116. Growth and Nests of Fishes.—When developement has 
s tamped t h e F i s h w i t h i t s specific characters, g r o w t h proceeds a t 
va r ious rates a n d t o d i f f e r e n t degrees, accord ing t o t h e species 
— v i z . , f r o m the size o f t h e S t i ck l eback t o t h a t o f t h e S h a r k 
o f t h i r t y - f i v e f ee t l o n g (Selache maxima). C a r p , P i k e , and some 
o the r F i shes , w h i c h m a y l i v e i n ponds or lakes unde r c i r c u m 
stances f a v o u r a b l e f o r con t inuous observa t ion o f the same i n 
d i v i d u a l , show t h a t g r o w t h is n o t d e f i n i t e l y arres ted as an a d u l t 
cha rac t e r ; f e w Fishes , perhaps, can be ca l led e f u l l - g r o w n ' i n 
t h e sense i n w h i c h the t e r m is app l i ed t o w a r m - b l o o d e d V e r t e 
brates : b u t , a f t e r a t t a i n i n g the average size character is t ic o f t h e 
species, i n d i v i d u a l s unde r f avou rab l e circumstances con t inue t o 
increase, t h o u g h v e r y s l o w l y , i n size. G r o w t h is accompanied i n 
m a n y species b y changes o f co lour , i n some b y a grea ter p r o p o r 
t i o n a l size o f the head, or b y e longa t ion or c u r v a t u r e o f the m a n d i 
b l e , o r b y increased l e n g t h o f a r o s t r a l p r o l o n g a t i o n — s w o r d or 
s a w : o ther special weapons, as t h e dorsal spines o f Cest racionts , 
F i l e - f i s h , and D o g - f i s h , and b o t h dorsal and pec to ra l spines o f Sheat-
fish, acqui re l e n g t h and hardness, or dentate borders , i n the course 
o f g r o w t h . E x t e r n a l sexua l characters are assumed, as shown i n 
t h e f o r m and s t r u c t u r e o f t h e v e n t r a l fins i n some Osseous F i shes 1 , 
i n t h e g r o w t h o f the ' claspers ' o f P lagios tomes , and o f the m a r 
sup i a l f o l d s o r pouches o f L o p h o b r a n c h s . I n the D o l p h i n ( Cory-
phcena), t h e c r an i a l crest a n d f o r e - p a r t o f the dorsal fin g a i n so 
m u c h p r o p o r t i o n a l h e i g h t t h a t y o u n g i n d i v i d u a l s o f even t w o 
f e e t i n l e n g t h w e r e r e f e r r e d b y C u v i e r t o a d i s t i n c t genus 
(Lampugus).2 

I n a f e w instances t h e changes a c c o m p a n y i n g g r o w t h a m o u n t t o 
a metamorphosis . T h e edentu lous state o f the y o u n g L a m p r e y , 
a n d the semic i r cu la r f o r m o f t h e u p p e r l i p , are exchanged f o r t h e 
suc to r i a l m u l t i d e n t a t e m o u t h , s h o w n i n fig. 277- T h e e x t e r n a l 
b r anch i a l aper tures en la rge , a n d t h e f u r r o w i n w h i c h t h e y a t first 
open disappears. T h e p e r f e c t f o r m o f t h e L a m p r e y is n o t a t t a i ned 
u n t i l t h e f o u r t h year . D u r i n g h a l f o r t w o t h i r d s o f t h a t t i m e , t h e 
g r o w i n g Petromyzon presents a f o r m w h i c h passes as t h a t o f a 
d i s t i n c t genus o f Cyc los tomes (Ammoccetes),3 T h e Leptocephali 
are p r o b a b l y larva? o f some l a r g e r k n o w n fish: t h e y have neve r 
been observed w i t h roe o r m i l t : t h e same m a y p r o v e t o be t h e 
case w i t h Branchiostoma. 

e I n a lmos t a l l t h e Teleostomes t h e b o d y o f t h e y o u n g is m o r e 
1 cccxxxvm. 2 CLXXIV. i i . p. 405. 3 cccxxvn. p. 323. 
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slender t h a n t h a t o f the m a t u r e fish, o r t h e h e i g h t o f the b o d y is 
less i n comparison w i t h i t s l e n g t h . T h e eye ceases to g r o w l o n g 
before the i n d i v i d u a l has a t t a ined i t s f u l l size ; so t h a t o l d fishes 
have compara t ive ly smal ler eyes t h a n y o u n g ones. T h e f o r m o f 
Fishes is a l te red b y changes i n the shape o f fins, b y the develope
m e n t or b y the loss o f spines b e l o n g i n g t o the opercu la r apparatus 
or t o the fins; as i n the f o l l o w i n g examples. 

1 a. Some o f the fin-rays are p r o l o n g e d w i t h age i n t o l o n g 
filaments : species o f Anthias, Pagrus, Ephippus, Callionymus. 

: b. Some o f the fin-rays are p r o l o n g e d i n y o u n g i n d i v i d u a l s , 
b u t the filaments are w o r n o f f w i t h a g e : Lophius, Echeneis, 
Trachynotus. 

e c. Cephalacanthus is m e r e l y t h e y o u n g o f Dactylopterus; 
t he pec tora l fins are shor t i n t h e y o u n g , a n d become w i t h 
age so l o n g as to serve f o r ah o rgan o f flying i n the a d u l t 
(Dactylopterus). 

e d. I n some species o f Thyrsites and Gempylus t h e v e n t r a l fin 
is reduced to a v e r y smal l spine, w h i c h i n t h e y o u n g is v e r y 
l o n g , n e a r l y h a l f as l o n g as the head. Somet imes the y o u n g 
has v e n t r a l fins, w h i l s t t h e y are e n t i r e l y absent i n t h e a d u l t : 
Stromateus. 

e e. T h e y o u n g o f a lmost a l l the Carangidce have t h e praeoper-
c u l u m a rmed , l i k e a P e r c o i d : t h i s bone is e n t i r e l y smooth i n the 
m a t u r e fishes. T h e same i n Labrus. 

e f . Some fish have no v i s i b l e , or b u t a r u d i m e n t a r y , spinous 
dorsal fin; th i s fin is v e r y d i s t i nc t i n the y o u n g : Brama, Platax, 
Stromateus. 

e g. L a r g e prominences o f the s k i n are developed, w h i c h are 
absent i n the y o u n g : Cyclopterus. 

( h. M a n y o f the w e l l - a r m e d Siluroids have the osseous carapace 
o n the head a n d neck more or less covered w i t h s k i n i n ea r l y 
age : the dorsal and pec tora l spines are more feeble i n t h e youno-
t h a n i n the o l d . ' 1 

T h e r e are f e w fields o f N a t u r a l H i s t o r y t h a t r e t u r n m o r e m a t e 
r i a l r e w a r d f o r sc ien t i f ic l a b o u r t h a n t h a t r e l a t i n g to the gene ra t i on 
and g r o w t h o f Fishes . T h e mercan t i l e v a l u e o f the S a l m o n , 
and the necessity f o r bas ing l aws t h a t are t o operate i n i t s 
p rese rva t ion u p o n a k n o w l e d g e o f i t s n a t u r a l h i s t o r y , have l e d t o 
i n t e r e s t i ng observations o n i t s g r o w t h and m i g r a t i o n s . 

M r . S h a w , 2 obse rv ing ova spawned o n J a n u a r y 1 0 t h , n o 
t i c e d d a r k eye-specks and some m o v e m e n t o f t h e e m b r y o i n 

1 For the above examples I am indebted to my colleague, Dr. A. Giinther. 
2 cxxiv. 
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t h e o v u m o n F e b r u a r y 2 6 t h , t h a t is , f o r t y - e i g h t days a f t e r b e i n g 
deposi ted ; and o n A p r i l 8 t h , or n i n e t y days a f t e r i m p r e g n a t i o n o f 
the ova, the y o u n g were exc luded . T h e y measured f-ths o f an 
i n c h i n l e n g t h ; the v i t e l l i c l e b e i n g - |ths o f an i n c h i n l e n g t h , 
o b l o n g i n f o r m , and o f a l i g h t r e d co lour : the t a i l was m a r g i n e d 
l i k e t h a t o f the tadpole , w i t h a cont inuous f i n r u n n i n g f r o m the 
dorsal above to the ana l beneath. T h e v i t e l l i n e sac and i t s con
ten ts w e r e absorbed b y M a y 3 0 t h , or i n about fifty days, u n t i l 
w h i c h t i m e the y o u n g fish d i d n o t leave the g r a v e l o f the h a t c h 
i n g - p o n d . T h i s quiescent state i n t h e i r place o f concealment , f r o m 
t h e p e r i o d o f exc lus ion to the absorp t ion o f the y o l k , seems to 
be c o m m o n t o Osseous F i s h e s ; b u t the t i m e varies i n d i f f e r e n t 
species: i t is m u c h shor ter i n the T e n c h , P e r c h , or P i k e , f o r 
example , t h a n i n the Sa lmon. W h e n the y o u n g Sa lmon mea
sures an i n c h i n l e n g t h , the v e r t i c a l fin begins t o d i v i d e i t s e l f i n t o 
the dorsal , adipose, caudal and anal fins; and the t ransverse bars 
o n the sides o f the b o d y make t h e i r appearance. I t is v e r y ac t ive , 
a n d cont inues i n the shal lows o f i t s n a t i v e s t ream t i l l t he f o l 
l o w i n g s p r i n g , w h e n i t has a t t a ined the l e n g t h o f f r o m th ree to 
f o u r inches, and is ca l led the c M a y - p a r r . ' I n th i s state t h e 
' p a r r ' descend i n t o deeper par ts o f the r i v e r , and are be l i eved b y 
M r . Shaw t o r e m a i n there over the second w i n t e r . T h e weake r 
ones do so, b u t t h e s t ronger fish proceed to the es tuary a t 
once. I n A p r i l , t h e caudal , pec to ra l , and dorsal fins assume a 
d u s k y m a r g i n ; t he l a t e r a l bars b e g i n t o be concealed b y a s i l v e r y 
p i g m e n t ; a n d the m i g r a t o r y dress, charac ter i s t ic o f the stage 
ca l led i smo l t , ' is assumed. Such fish b e g i n i n A p r i l and M a y 
t o congregate i n shoals and t o m i g r a t e s e a w a r d : t h e y r e t u r n i n 
J u l y and A u g u s t , o f a size p r o p o r t i o n a t e t o the l e n g t h o f 
t h e i r s tay i n t h e es tuary . A smol t m a y n o t exceed t w o ounces 
i n w e i g h t w h e n i t goes t o sea: a f t e r a f e w m o n t h s there i t m a y 
have g r o w n t o a ' g r i l s e ' o f e i g h t or t e n pounds ' w e i g h t : c a t 
t w o years a n d e i g h t m o n t h s o l d i t becomes a Sa lmon o f f r o m 
t w e l v e t o fifteen pounds ' w e i g h t . ' 1 I t m a y subsequent ly acqu i re 
a b u l k o f f o r t y pounds ' w e i g h t , a n d upwards . 

I n t h e Syngnathus acus t h e sexes come toge the r i n t h e m o n t h 
o f A p r i l , and t h e ova pass f r o m t h e f emale a n d are t r a n s f e r r e d 
i n t o the subcaudal p o u c h o f t h e ma le , fig. 4 2 6 , n, b e i n g f ecunda t ed 
in transitu, a n d t h e va lves o f t h e p o u c h i m m e d i a t e l y close over 
t h e m . I n t h e m o n t h o f J u l y t h e y o u n g , i b . o, o, are ha tched and 
q u i t t h e p o u c h ; b u t t h e y f o l l o w t h e i r f a t h e r , and r e t u r n f o r shel ter 

1 cccxxv. p. 120. Experiments on marked fish have proved this extraordinary 
rate of growth, occxxxiv. p. 57. 
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i n t o t h e i r n u r s e r y w h e n clanger threa tens . 1 I n Syngnathus 
ophidion the male carries the eggs u n d e r t h e flat abdomen i n cel ls 

p laced l e n g t h w i s e i n th ree r o w s . 2 I n t h e 
male H i p p o c a m p t h e m a r s u p i u m is subcau-
d a l , open ing b y a v e r t i c a l fissure j u s t b e l o w 
the v e n t . 3 I n t h e Holconoti t he y o u n g ac
q u i r e f u l l developement , p e r f e c t g i l l s , a n d a 
size one t h i r d t h a t o f t h e pa ren t , be fore 
q u i t t i n g the ova r i an m a r s u p i u m . 4 

B o t h Sa lmon and T r o u t excavate t h e 
g r a v e l l y b e d w h i c h t h e y select f o r s p a w n i n g ; 
and the ova m a y be f o u n d f r o m one to t w o 
fee t deep i n t h i s s tony nest. T h e S t i c k 
leback (Gasterosteus aculeatus) fabr ica tes a 
more a r t i f i c i a l nest. A r i s t o t l e signalises the 
Phycis, since recognised as a M e d i t e r r a n e a n 
species o f Gobius, as the o n l y sea-fish t h a t 
makes a nest and deposits i t s spawn the re in . 
O l i v i c o n f i r m e d t h e s ta tement , a n d describes 
the nest as b e i n g composed o f sea-weeds 
(algae and zostera) , a d d i n g t h a t t h e male fish 
guards the female d u r i n g the act o f ov ipos i -
t i o n , and the y o u n g f r y d u r i n g t h e i r deve
lopemen t . 5 

D r . H a n c o c k has observed s imi l a r hab i t s 
i n ce r t a in f r e s h - w a t e r S i l u r o i d F ishes o f D e -
mera ra ca l led i Hassars, ' w h i c h b e l o n g t o the 
genus Ccdlichthys: t h e B o u n d - h e a d e d H a s -
sar f o r m s i t s nest o f grass ; t h e F l a t - h e a d e d 
Hassar o f leaves. f T h e y are m o n o g a m o u s : 
b o t h male a n d female r e m a i n b y the side o f 
the nest t i l l t he spawn is ha tched , w i t h as 
m u c h so l ic i tude as a h e n guards her eggs, 
and t h e y courageously a t t ack any assailant. 
H e n c e the negroes f r e q u e n t l y t a k e t h e m 
b y p u t t i n g t h e i r hands i n t o the w a t e r close 
t o the n e s t ; o n a g i t a t i n g w h i c h , t h e m a l e 
Hassar spr ings f u r i o u s l y a t t h e m , a n d is 
t hus c a p t u r e d . ' 6 

§ 117. Fecundation of Reptiles. — Sala
manders , N e w t s , F r o g s , and Toads are g e n e r a l l y ap t f o r b r e e d i n g 

1 Eckstroem (1831), quoted in xxxix. i i . p. 327. 
vol. v. p. 67, prep. no. 322y. » Ib. no. 3223. * cccxxxv. * XX 

1 xx in . t. x i i . p. 6. 6 cccxxvi. p. 244. 
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w h e n t h e y have a t t a ined t h e i r t h i r d year . A s the season o f i m p r e g 
n a t i o n approaches, t he expansion o f the abdomen, u n f e t t e r e d b y 
costal hoops, becomes enormous, especial ly i n the females. T h e 
n u p t i a l t i n t s are assumed, the y e l l o w s a n d p i n k s b e i n g b r igh te s t . 
T h e males o f ce r t a in N e w t s acqui re the dorsal crest and a broader 
t a i l - f i n , a i d i n g i n the manoeuvres r e q u i r e d f o r the i n t e r n a l i m p r e g 
n a t i o n . T h e male o f the la rge W a r t y - N e w t ( Triton cristatus) i n 
t h e s p r i n g season seeks the female and pursues her , v i b r a t i n g h is 
t a i l w i t h a m o t i o n l i k e t h a t o f c r a c k i n g a w h i p , and , w i t h a r a p i d 
e v o l u t i o n the t u m i d lab ia o f the cloaca i n the t w o sexes are 
b r o u g h t i n t o contact , and the spermatozoa ge t access t o the 
o v i d u c t : t he pa i r s i n k t o the b o t t o m . T h e Salamandra japonica 
o f H o u t t u y n (Sal. unguiculata, Sch leg . ) a t t h i s season has a c l aw 
o n each d i g i t o f the f o r e l i m b . T h e male F r o g acquires t h e 
da rk -co lou red s w e l l i n g o f the r a d i a l d i g i t o r t h u m b , b y w h i c h 
he is be t t e r able to r e t a i n t h e f emale i n his grasp d u r i n g t h e l o n g 
p r o t r a c t e d business o f i m p r e g n a t i o n . T h e l a r y n x o f the Toads , 
and especial ly o f t h e ma le P i p a , n o w gains i t s f u l l e s t develope
m e n t and loudest power o f c roak . L i z a r d s and Serpents e x h i b i t 
t h e i r b r i gh t e s t co lou r s : i n t h e male Cons t r i c to r s the c o p u l a t o r y ana l 
hooks become conspicuous. T h e anal scent-glands are i n ac t ive 
f u n c t i o n i n b o t h groups . T h e male Crocod i l e , l i k e ce r t a in fishes, 
fights f o r t h e f e m a l e : the m u s k y odour e m i t t e d b y the s u b m a x i l 
l a r y g lands pervades t h e i r haunts a t t h i s t i m e . M a n y Che lon i a 
show sexual d i f fe rence o f f o r m . I n L a n d - T o r t o i s e s t h e p las t ron is 
concave i n t h e ma le a n d flat i n t h e f emale . I n the Cinosternoidce 
t h e fo re p a r t o f t h e carapace is broader i n the f emale , and the t a i l 
is longer and s t ronge r i n the ma le , w h i c h has also a pa t ch o f 
r o u g h scales b e t w e e n the t h i g h a n d l e g , n o t present i n the f emale . 
I n t h e Trionycida t h e t a i l ex tends b e y o n d t h e r i m o f t h e shel l i n 
the males o n l y : i t is a mere s t u m p i n t h e females : besides th i s d i f f e r 
ence, the male o f Trionyx (Aspidonectes spinifer) shows a s l i g h t l y 
o v a l f o r m ; a n d t h e spines a l o n g t h e f r o n t m a r g i n , and the tuberc les 
b e h i n d t h e m a n d o n t h e h i n d p a r t o f t h e carapace, are less p r o m i 
nent . I n Trionyx (Platypeltis) ferox t h e l a t t e r character is reversed. 
I n t h e E m y d i a n s t h e b o d y o f the male is u s u a l l y flatter a n d 
l o n g e r t h a n i n t h e f ema le . I n c o p u l a t i o n t h e ma le m o u n t s on t h e 
back o f the f e m a l e : Emys picta p e r f o r m s t h e act w h e n seven 
years o f a g e ; t h e f ema le does n o t b e g i n t o o v i p o s i t be fore he r 
e l e v e n t h year . A d d i t i o n a l ova are deve loped i n the o v a r y a f t e r 
t h e first c o p u l a t i o n , a n d a c e r t a i n n u m b e r o f those a l ready f o r m e d 
b e g i n t o acqu i r e a l a rge r size, a n d e go on g r o w i n g f o r f o u r successive 
years be fo r e t h e y are l a i d : ' t h u s the species is enabled t o l a y 
a n n u a l l y f r o m five t o seven eggs a f t e r i t has reached i t s e l even th 
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yea r . ' 1 A l t h o u g h the E m y d i a n s l a y once eve ry year , soon a f t e r t h e 
per iod o f copu la t ion i n the sp r ing , the coi tus is repeated a second 
t i m e every year i n the a u t u m n , sho r t l y before the species r e t u r n t o 
t h e i r w i n t e r qua r t e r s : and Agass iz concludes t h a t i n E m y d i a n s £ a 
r epe t i t i on o f the act t w i c e every year , f o r f o u r successive years , is 
necessary t o de te rmine t h e final developement o f a n e w i n d i v i d u a l . 

§ 118. Oviposition of Reptiles.—I do n o t k n o w pa r t i cu l a r s o f 
th i s process i n the Perennibranchia tes . Some N e w t s (Triton^ 
cristatus, e. g . ) deposit t he eggs u p o n aquat ic p lan t s (Polygonum 
Persicaria, e. g . ) , f o l d i n g t h e l e a f b y means o f t h e h i n d f ee t i n 
such a w a y t h a t i t s unde r surface is t u r n e d i n w a r d , a n d the f o l d 
made to s t i ck b y the adhesive coa t ing o f the egg w h i c h she inser ts 
i n the f o l d . O u r smaller N e w t (Lissotriton punctatus, B e l l ) f r e 
q u e n t l y glues the egg i n the a x i l l a o f t h e l ea f . 2 

O v i p o s i t i o n o f the F r o g takes place d u r i n g t h e sexual embrace 
a t the b o t t o m o f the wa t e r : as each egg is e x t r u d e d , i t is f e r t i l i s e d , 
and , t h e chor ion absorb ing w a t e r , t he egg acquires a d iameter o f 
about three l ines , t he co loured v i t e l l u s appear ing as a do t i n t h e 
m i d d l e o f the t ransparen t j e l l y : t h e ova adhere toge the r i n a 
mass, and th i s is u s u a l l y floated t o t h e surface b y disengagement 
o f gas i n the substance o f the g l a i r y envelope. 

T h e ova are exc luded unde r s i m i l a r c i rcumstances i n t h e T o a d : 
b u t i n a l o n g s t r i n g o f j e l l y , i n w h i c h t h e y are a r ranged a l t e r 
n a t e l y i n a double series ; t he s t r i n g m a y be a s i x t h o f an i n c h i n 
d iameter and f r o m three to f o u r f e e t i n l e n g t h . I n t h e obs te t r ic 
T o a d (Alytes), t he male impregna tes i n wa t e r , assists i n the e x c l u 
sion o f the eggs, causes t h e m to adhere t o h is o w n h i n d legs b y 
smal l pedicles, and t h e n seeks t h e l a n d : o n l y w h e n e m b r y o n i c 
developement is s u f f i c i e n t l y advanced does he leave his place o f 
concealment, and betake h i m s e l f t o the w a t e r w i t h the y o u n g b rood 
w i t h w h i c h he has charged h imsel f . T h e male P i p a is asserted t o 
place the eggs u p o n the back o f t h e f ema le , w h i c h g i v e the s t i m u l u s 
t o the f o r m a t i o n o f the cutaneous cells i n w h i c h the w h o l e course 
o f metamorphosis is comple ted , fig. 367 . I n Opisthodelphys a n d 
Nototrema, the ova are t r ans f e r r ed t o the c o m m o n pouch o f t h e 
dorsal i n t e g u m e n t , descr ibed at p . 588 . 

^ T h e common R i n g e d Snake (Natrix torquata) excludes t h e eggs, 
s ix teen to t w e n t y i n n u m b e r , connected toge the r b y a g l u t i n o u s 
coa t ing , u s u a l l y i n some f e r m e n t i n g mass o f d e c a y i n g o rgan ic 
ma t t e r , w h e r e b y t h e y are o f t e n t r anspo r t ed a n d spread abroad i n 
the m a n u r i n g o f fields and gardens. T h e V i p e r is n o t sub jec t t o 
th i s o v i p o s i t i n g cause o f dispersion, and the c o n f i n e m e n t t o a l i m i t e d 
l o c a l i t y w o u l d seem to be the c o n d i t i o n o f the v i v i p a r i t y o f mos t 

1 ccc. Part i i i . p. 491. z cccxvii. 
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or a l l poisonous serpents. I t affects, however , t he harmless S l o w -
w o r m (Anguis fragilis) and n i m b l e L i z a r d (Zootoca vivipara), b o t h 
o f w h i c h u s u a l l y produce t h e i r y o u n g a l ive . A n A m e r i c a n Boa 
Constrictor b r o u g h t f o r t h l i v i n g y o u n g , and also eggs, i n the Z o o l o 
g i c a l Gardens o f A m s t e r d a m . 1 T h e o ld w o r l d cons t r i c t i ng serpents 
w o u l d seem a l l t o be o v i p a r o u s ; b u t instead o f e x c l u d i n g the eggs 
w h e r e t h e y w o u l d have t h e advantage o f extraneous heat , t h e y are 
a r ranged b y the f emale i n a heap a round w h i c h she coils he r se l f 
i n a series o f p rogress ive ly decreasing spirals , c o n s t i t u t i n g a 
p y r a m i d o f w h i c h the head o f t h e P y t h o n f o r m s the apex. 

T h e f a c t has been observed i n respect t o species o f P y t h o n i n 
I n d i a : C o l . A b b o t t , i n a c o m m u n i c a t i o n o n th i s subjec t t o t h e 
L o n d o n Zoo log ica l Soc ie ty , states t h a t the i n c u b a t i o n las ted more 
t h a n three m o n t h s . 2 M o r e exact observations have been made o n 
cap t ive P y t h o n s . I n the Python bivittatus, i n the e J a r d i n des 
P lan tes , ' a t P a r i s , c o p u l a t i o n t o o k place on the 22 n d o f J a n u a r y , 
and the act was o f t e n repeated u n t i l the end o f F e b r u a r y . O n 
the 5 t h o f M a y , the f emale exc luded fifteen eggs, b e t w e e n 6 A . M . 
and 9*30 A.M. T h e eggs w e r e a l l separate, o f an elongate o v a l a t 
t he m o m e n t o f exc lus ion , w i t h a flexible g rey i sh -co loured s h e l l : 
t h e y soon swe l l ed i n t o an e l l i p t i c shape, b o t h ends becoming e q u a l 
i n size, and t h e she l l , as i t d r i e d , became h a r d and o f a p u r e 
w h i t e . T h e t empe ra tu r e o f t h e f emale augments several degrees 
above t h a t o f t h e s u r r o u n d i n g a tmosphere , a n d is v e r y sensible t o 
the t o u c h w h e n she has disposed he r se l f i n i n c u b a t i n g coils abou t 
her eggs. B e t w e e n the 3 r d and 7 t h o f J u l y the eggs w e r e 
hatched. T h e m o t h e r d i d n o t eat d u r i n g t h e i n c u b a t i n g p e r i o d , 
b u t several t imes d r a n k w i t h a v i d i t y w a t e r w h i c h was o f f e r ed 
to her , i n d i c a t i v e o f a sor t o f f e b r i l e state. T h e heat o f the b o d y 
g r a d u a l l y f e l l t owards the end o f i n c u b a t i o n . 3 

A s imi la r phenomenon i n t h e case o f a Python Sebce exc i t ed 
the p u b l i c c u r i o s i t y a t t he Z o o l o g i c a l Gardens o f L o n d o n i n 1861 ; 
t h e t e m p e r a t u r e o f t h e b o d y rose t o 9 6 ° F a h r . b e t w e e n the i n c u 

b a t i n g co i l s . 4 

T h e Lacerta agilis l ays h e r eggs, f r o m t w e l v e t o f o u r t e e n i n 
n u m b e r , i n h o l l o w s w h i c h she prepares i n the sand, and , h a v i n g 
deposi ted t h e eggs, covers t h e m w i t h sand, a n d leaves t h e m t o be 
ha t ched b y solar heat . T h e I g u a n a oviposi ts i n the h o l l o w s o f t rees ; 
t h e eggs, abou t f o r t y i n n u m b e r , are o b l o n g , abou t an i n c h i n 
l e n g t h . 5 M o s t o f the L a c e r t i l i a are o v i p a r o u s ; b u t the detai ls as 
t o t h e i r o v i p o s i t i o n are s c a n t y : t h e she l l is s l i g h t l y calcareous. 

A l l t h e Che lon ians are ov iparous , and the she l l is ca lc i f i ed 

' cccxxxvn, p. 368. 2 Ib. p. 188. 3 occxxiv. 
4 cccxxxvu. p. 367. 8 CCCXXXIX. 
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a lmost as comple te ly as i n the b i r d , t h o u g h i n mos t r e t a i n i n g 
some flexibility. I n the P a i n t e d T e r r a p i n (Emys picta) t he ova 
r i a n eggs do no t show m u c h d i f fe rence i n size u n t i l t he seven th 
year , and ov ipos i t ion does n o t b e g i n before the e l even th year . 
Agassiz is o f op in ion t h a t a l l A m e r i c a n E m y d i a n s b e g i n t o l a y 
eggs f r o m the e leventh to the f o u r t e e n t h year , w h e n i n d i v i d u a l 
g r o w t h is checked and proceeds more s l o w l y . E a c h species 
makes a s ingle nest, and lays the eggs o f t h a t season at one t i m e . 1 

Emys picta digs w i t h the h i n d legs a pe rpend icu la r hole near the 
s tream she f r equen t s , and m a y repeat t h e ope ra t ion several t imes 
before select ing one as fit f o r o v i p o s i t i o n : i n t h i s she deposits 
f r o m five t o seven eggs. T h e Snapper ( Chelydra serpentina) exca
vates a t first d i r e c t l y d o w n w a r d a n d t h e n l a t e r a l l y , m a k i n g the 
wides t pa r t o f the hole w h e r e the eggs are deposi ted o n one side 
o f the ex t e rna l opening . W h e n t h e eggs are l a i d , the female 
t ramples d o w n and smooths over the ea r th , so t h a t , w h e n d r y , 
the place is h a r d l y not iceable. She lays f r o m t w e n t y to f o r t y , 
about the size o f a w a l n u t . Cinosternon l ays o n l y f r o m three to 
five eggs. Nanemys guttata is u s u a l l y l i m i t e d t o t w o or three 
eggs. L a n d Tortoises r a r e l y l a y more t h a n f o u r or five eggs at a 
season, and m a k e the n i d a m e n t a l b u r r o w i n d r y g r o u n d . T h e 
Gophe r (Testudo Carolina, L . ) has a d w e l l i n g b u r r o w , b u t f o r m s a 
separate c a v i t y near i t s m o u t h f o r o v i p o s i t i o n : i n t h i s t h e female 
lays five eggs, t h e n fills the nest u p w i t h ea r th , a n d flattens i t 
d o w n smooth ly b y her o w n w e i g h t . 

T h e Trionycidce l a y f r o m t w e l v e to t w e n t y eggs, or m o r e , o f 
the shape and size o f a m u s k e t - b a l l , i n a hole i n t h e sand near the 
water ' s edge. T h e shell is t h i c k and b r i t t l e . 

T h e Sea T u r t l e s ( Chelone, Sphargis) are t h e mos t p r o l i f i c o f the 
order . T h e y ovipos i t i n M a y or the b e g i n n i n g o f J u n e , i n d r y 
sand, on the shore above h i g h - w a t e r m a r k . T h e female selects a 
s t i l l m o o n l i g h t n i g h t , w h e n her senses o f h e a r i n g a n d seeing m a y 
best ava i l her t o detect an enemy. I f sa t isf ied, she proceeds to 
scoop o u t the sand w i t h her h i n d fins, u s i n g t h e m a l t e rna t e ly , a n d 
w h e n the sand has accumula ted b e h i n d her , she scatters i t abroad 
b y v i o l e n t j e r k s o f the paddles ; a hole b e i n g made b e t w e e n one 
and t w o fee t i n dep th , the eggs are d r o p p e d i n one b y one, a n d 
disposed m regu la r layers t o t h e n u m b e r o f f r o m 150 to 2 0 0 
T h e pe r iod o f the en t i re opera t ion m a y be h a l f an hour . W h e n 
concluded, the T u r t l e scrapes the loose sand back over t h e eo-gs 
and makes the surface l e v e l and smooth. She t h e n re t rea ts t o t h e 
wa te r , and leaves the h a t c h i n g o f the eggs to the hea t o f the sand. 2 

1 ccc. Part i i i . p. 500. * Audubon, quoted in cccxvu. p. 4, and ccc. Part i i . p. 3 2 8 . 



DEVELOPEMENT OF B A T R A C H I A . 619 

T h e Crocod i l i ans , l i k e t h e Chelonians , are a l l oviparous , and 
the process o f o v i p o s i t i o n is v e r y s imi la r . T h e eggs, o f an e l l i p 
t i c a l f o r m and w i t h a firm calcareous she l l , are b u r i e d on the 
shore, a n d l e f t t o h a t c h b y extraneous heat. 

§ 119. Developement of Batrachia.—After i m p r e g n a t i o n o f t h e 
ba t r ach i an o v u m t h e d a r k or g e r m i n a l p a r t o f the y o l k is a lways 
uppe rmos t , a n d i t s c en t r a l p o i n t m a y be de f ined as the g e r m i n a l 
po le . H e r e beg ins , u s u a l l y about th ree hours a f t e r i m p r e g n a t i o n 
i n the F r o g , fig. 4 5 2 , a, t h e process o f segmenta t ion , 1 b y a fissure 
w h i c h passes i n a de te rmina te d i r e c t i o n t h r o u g h the canal o f the 
y o l k , d i v i d i n g i t i n t o t w o e l l ipso id masses, i b . b. A b o u t the fifth 
h o u r a second c l e f t appears, near the p o i n t w h e r e the first c o m 
menced , crossing the first a t r i g h t angles. I f an o v u m i n th i s state 
be f r o z e n , i t spl i t s i n t o f o u r segments o f a sphere. Fissures n e x t 
appear, w h i c h , i n r e l a t i o n t o the t w o f o r e g o i n g , m i g h t be t e r m e d 
e equa to r i a l , ' b u t w i t h var ie t ies e x e m p l i f i e d i n e,f g, fig. 452 . N e w 
( m e r i d i o n a l ' f u r r o w s f o l l o w , i b . h, crossed again b y other i equa
t o r i a l ' ones, u n t i l t h e surface o f the y o l k presents the f o r m o f a 
b l a c k b e r r y . F u r t h e r subd iv i s ion proceeds t o such an e x t e n t as t o 
r ende r t h e surface again a p p a r e n t l y smooth. T h i s series o f pheno
mena , r e s u l t i n g i n the f o r m a t i o n o f the germ-mass, occupies abou t 
t w e n t y - f o u r hour s , or less, accord ing t o t h e t empera tu re . T h e 
fissures a t t h e i r first appearance show m i n u t e l ines a t r i g h t angles, 
i n d i c a t i v e o f the mo lecu l a r movements caus ing t h e m . A f t e r t h e 
surface o f t h e y o l k has resumed i t s smoothness o n the c o m p l e t i o n 
o f t he germ-mass, p e r i p h e r a l cells become filled w i t h d a r k p i g m e n t , 
a n d cons t i tu te a g e n e r a l ' c a m b i u m ' o r ou te r i n v e s t m e n t , fig.428, a. 
A t t h e p o i n t w h e r e t h e f o r m a t i o n o f t h i s i n v e s t m e n t , as w e l l as o f 
the germ-mass, began , an eminence appears b y the developement, 
o f n e w cells benea th t h e i n v e s t m e n t , w h i c h loses i t s co lou r a t t h i s 
p a r t , i n d i c a t i n g t h e first r u d i m e n t o f t h e e m b r y o as an o v a l clear 
spot , d i v i d e d a t i t s h i n d e r end b y a crescentic fissure f r o m t h e 
con t iguous y o l k , a n d w i t h i t s a n t e r i o r end s u n k t h e r e i n . T h e 
e m b r y o n a l ce l l s , as t h e y accumula t e , assume a p o l y h e d r a l figure, 
a n d t h e i r d i f f e r e n t s t ra ta are seen b y t ransverse sections. T h e 
first s u p e r f i c i a l appearance o f t h e e m b r y o is an o b l o n g r i s i n g , 

1 The phenomenon of the division and subdivision of the yolk in animals was first 
observed by Prevost and Dumas in the ovum of the Frog (Annales des Sciences 
Nat. t. i i . , May 1824, p. 112). Franz Bauer, in the same year, delineated partially 
the same important phenomenon, in the beautiful drawings which he prepared for 
Sir Ev. Home (cccxvi. pis. v. and vi.); but his employer had no appreciation or 
comprehension of what was thus shown him. Bergmann detected, in 1841, the 
hyaline nucleus in the centre of each subdivision of the yolk ; and the combination 
of the spermatised cell progeny of the germinal vesicle with other elements of the 
yolk-substance appears to be a necessary prelude to segmentation. 
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larges t at one end, and impressed b y a s l i g h t l o n g i t u d i n a l fissure. 
T h e rud imen t s o f the n e u r a l axis are first recognisable i n the t w o 
pa ra l l e l l o n g i t u d i n a l elevat ions ( ' p r i m i t i v e t r a c e ' or ' laminae 
dorsales/ i b . m, n) b o r d e r i n g the fissure. B e n e a t h these is a t t h e 
same t i m e f o r m i n g the no tochorda l r u d i m e n t o f the v e r t e b r a l 
c o l u m n , i b . c. T h e a lbuminous p r i n c i p l e is concent ra ted i n 
m, the gela t inous one i n c: t h i s chemica l d i f f e r e n t i a t i o n does 
no t affect n. T h e p o l y h e d r a l cells e x t e n d t h e v e r t e b r a l l a y e r 
o n each side o f the ' p r i m i t i v e t race , ' w h i c h also increases 
i n l e n g t h : the n e u r a l co lumns , a t first flat a n d h o r i z o n t a l , 
rise a t t he i r ou te r marg ins , a p p r o x i m a t e , a n d u l t i m a t e l y u n i t e 
above, where t h e y are covered b y the pe r i phe ra l ce l l - l aye r , a: 
t h e y are also defended b y t h e nascent neurapophyses , i b . n. 
M e a n w h i l e the £ a n i m a l ' l aye r is e x t e n d i n g l a t e r a l l y , i b . b, beneath 

the i n v e s t i n g membrane , a; and t h e cephalic 
end o f the e m b r y o enlarges a n d raises i t s e l f 
f r o m the y o l k - b e d . A sect ion o f the o v u m 
j u s t p r i o r t o the coalescence o f t h e ' laminae 
dorsales ' t o f o r m the n e u r a l ax is , as i n fip;. 
4 2 8 , shows, a, t h e d a r k i n v e s t i n g membrane , 
or ' c a m b i u m : ' b, t he m u s c u l o - t e g u m e n t a r y 
l aye r , i nc lo s ing t h e w h o l e y o l k , v; m, the 
m y e l o n a l co lumns ; c, t h e no tocho rd ; n, t he 
blastema, i n w h i c h ca r t i l ag inous r u d i m e n t s 
o f t he neurapophyses b e g i n ; h, t h e c a v i t y , 
benea th the g e r m due t o so lu t ion o f t h e 

yolk-subs tance . O n the v e n t r a l aspect o f the e m b r y o layers o f 
cells have been f o r m i n g t w o p a r a l l e l r idges p r o j e c t i n g i n t o t h e 
y o l k ; and the i n t e rmed ia t e space is conve r t ed b y l i q u e f a c t i o n of 

cells i n t o a p r i m i t i v e a l i m e n t a r y 
g roove . B u t a l l t h e systems a n d 
organs f o r the s u p p o r t o f t h e 
e m b r y o b e g i n to be deve loped 
a f t e r t h e m a i n basis o f t h e n e u r a l 
and v e r t e b r a l par ts has been 
established. 

F i g u r e 4 2 9 , A , g ives a v i e w o f 
t h e e m b r y o o f the F r o g f r o m 
the dorsa l aspect, s h o w i n g the 

P • .. , m y e l o n a l co lumns a t t he p e r i o d 
o f t h e i r mee t i ng above the m y e l o n a l canal and the c o m m e n c i n g 
encephalic expansion, the ex tens ion o f the n e u r o - v e r t e b r a l t r ac t s 
o u t w a r d , and the i n d i c a t i o n o f haemal arches o f t h e cephal ic 

Section of yolk and embryo, 
Frog, magn. LXXIV. 
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segments. I n B , the ce rv i ca l c o n s t r i c t i o n begins to def ine t h e 
head f r o m the t r u n k : the complete coalescence o f the m y e l o n a l 
t rac t s obl i tera tes the l i nea r t race o f the med ian f u r r o w , and t h e 
neu rapophys ia l r u d i m e n t s border the m y e l o n . T h e e m b r y o and 
i t s s u p p o r t i n g yo lk-mass are separated f r o m the chor ion b y a clear 
f l u i d ; a n d i n t h e above - f igu red stages o f deve lopement the c i l i a t e d 
e p i t h e l i u m begins t o act u p o n the fluid i n the d i r e c t i o n i nd i ca t ed 
b y t h e a r rows , p roceed ing b a c k w a r d and d o w n w a r d a long t h e 
s ides: the cur ren t s are s t rongest o n the haemal arches, f r o m w h i c h 
t h e branchiae are abou t t o be developed. I n the mass o f e m 
b r y o n a l cells b e t w e e n the cephalic en la rgement o f the e m b r y o 
a n d t h e y o l k , t he hear t , fig. 4 3 1 , r, is f o r m e d , w h i c h becomes 
h o l l o w , and pulsates before t h e r e d b l o o d appears ; w h e n t h e 
c o m m u n i c a t i o n w i t h t h e sys tem o f vessels is established, t h e 
hea r t propels b l o o d , a t first pale a n d w i t h spher ica l corpuscles, 
i n channels f o r m e d b y l i q u e f a c t i o n o f cells i n t h e blastema o f 
t h e second haemal a r c h ; and these p r i m a r y vascular arches esta
b l i s h the c o m m u n i c a t i o n w i t h t h e l o n g i t u d i n a l aor t ic t r u n k s i m i 
l a r l y f o r m e d a long t h e u n d e r p a r t o f t h e no tochord . T h e b l o o d 
r e t u r n s b y venous channels a long t h e y o l k , n o w progress ive ly 
b e c o m i n g inc losed b y t h e l a t e r a l i n t e s t i n a l plates , and the s imple 
c i r c u l a t i o n is comple te . 

F r o m t h e substance a r o u n d t h e vascular arches are f o r m e d as 
m a n y b r a n c h i a l arches, as subord ina te developements f r o m t h e 
second p r i m a r y haemal or v i scera l a r c h ; 
a n d f r o m t h e b r a n c h i a l arches are 
budded t h e succession o f vascular loops 
and coex tended c i l i a t e d i n t e g u m e n t , 
c o n s t i t u t i n g t h e ou te r g i l l s o n each 
side o f t h e b a t r a c h i a n l a r v a , fig. 4 3 0 . 
I n t h e m a g n i f i e d p o r t i o n o f t h e g i l l , C, 
t h e a r r o w s ind i ca t e t h e d i r e c t i o n o f the 
c i l i a r y c u r r e n t s . Soon a f t e r the ap
pearance o f t h e hea r t , and o f the arches 
w h i c h encompass t h e p r i m i t i v e bucco-
b r a n c h i a l c a v i t y , a p e r i c a r d i u m , l i n e d 
w i t h e p i t h e l i a l cel ls , is f o r m e d a r o u n d 
t h e hear t . B e t w e e n the cephal ic haemal arches interspaces are 
opened , c o m m u n i c a t i n g w i t h t h e bucco -b ranch i a l c a v i t y , and f r o m 
one o f these t h e b u d d i n g g i l l s b e g i n t o p r o t r u d e . 

T h e g r o w t h o f t h e n e u r o v e r t e b r a l axis is c h i e f l y l e n g t h w i s e , 
a n d , as i t proceeds, i t s t w o e x t r e m i t i e s l i f t themselves above t h e 
l e v e l o f t h e r e s t o f the g e r m i n a l bas i s ; t he shor te r and more 
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obtuse as the head, t h e more acute and l o n g e r f r e e p a r t as t h e 
t a i l . I n th i s g r o w t h the a m p h i b i a n passes f r o m a state i n w h i c h 
a l o n g i t u d i n a l sect ion w o u l d show i t suppor t ed b y a spher ica l 
y o l k , t o t h a t represented i n fig. 4 3 1 , i n w h i c h t h e v i t e l l i n e , o r 

i haemal,' p o r t i o n p r e -
43i sents a semiova l sec t ion , 

hv: i t is inc losed , as i n 
fig. 4 2 8 , b y t h e haemal 
p ro longa t ions o f t h e o r 
ganic l a y e r f o r m i n g the 
a b d o m i n a l par ietes , a, 
a n d l i n e d b y t h e ' m u -

Longitudinal section, Embryo of Frog, LXXTV. ^ # . 
cous l a y e r , i : t h i s be

comes d i f f e r e n t i a t e d as the t u n i c s o f t h e a l i m e n t a r y canal , i n c l o s i n g 
t h e v i t e l l u s as the p r i m a r y contents o f such cana l i n a l l Batrachia. 
T h e canal n o w communica tes w i t h t h e bucco -b ranch i a l c a v i t y ; 
a n d th i s opens e x t e r n a l l y o n t h e l o w e r p a r t o f t h e head b y a 
v e r t i c a l fissure, o n each side o f w h i c h a sma l l p ro tube rance buds 
ou t , f o r m i n g a special o r g a n o f adhes ion—a p a i r o f t e m p o r a r y 
cephalic l i m b s . A pa i r o f branchiae b u d d i n g o u t f r o m t h e g i l l -
ape r tu re , t h e w h o l e y o l k b e i n g n o w closed i n b y b o t h t h e i n 
t e s t i na l and cutaneous l aye r s , a n d t h e t a i l h a v i n g ga ined i t s 
muscu la r segments a n d cutaneous b o r d e r - f i n , t h e l i t t l e t adpo le , 
b y inc reas ing v i g o u r o f i t s m o v e m e n t s , burs t s t h e e g g - m e m 
branes and comes f o r t h . T h e e x t e r n a l s t i m u l u s w h i c h mos t 
in f luences t h i s stage is w a r m t h . I n I t a l y , B u s c o n i observed 
t h e eggs o f t h e F r o g to be ha tched i n f o u r d a y s ; B a u e r 
figures one e x t r i c a t i n g i t s e l f , i n a w a r m s p r i n g , a t K e w , a f t e r 
t h e fifth d a y : 1 i n a c o l d s p r i n g , i t m a y be p r o l o n g e d t h r o u g h 
f o u r weeks . I n Alytes obstetricans, t h e deve lopement o f t h e 
' m u c o u s ' l aye r proceeds t o f o r m a c o n v o l u t e d i n t e s t i n a l cana l 
before e e x t r i c a t i o n . ' I n Rana csculenta, a n d p r o b a b l y o the r 
F r o g s , t h e vege ta t ive organs are l a t e r i n deve lopement , a n d t h e 
c a v i t y , fig. 4 3 1 , hv, has n o t assumed t h e i n t e s t i n a l f o r m w h e n . 
the e m b r y o q u i t s the e g g : b u t i n a l l B a t r a c h i a t h e w h o l e y o l k is 
w a n t e d f o r the f o r m a t i o n o f t h e i r l o n g s p i r a l l y w o u n d l a r v a l g u t . 
H e r e i n is a d i f f e r e n t i a l charac ter b e t w e e n t h e B a t r a c h i a n a n d t h e 
F i s h . ^ I n t h e l a t t e r , t h e s u p p l y f o r t h e m i d - p e r i o d o f deve lope
ment^ is rece ived , p r i m a r i l y , f r o m t h e vascular r a t h e r t h a n f r o m 
the digest ive system, a n d a p a r t o n l y o f t h e y o l k is r e q u i r e d f o r 
the f o r m a t i o n o f the s t r a i g h t a n d s imple i n t e s t i n a l canal . A c 
c o r d i n g l y , the mucous l a y e r , as i n t h e d i a g r a m , fig. 4 3 2 , i, i n 

1 cccxvi. pi. vi., fig. 1 A. 
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f o r m i n g t h e i n t e s t i n a l canal , h, excludes a p o r t i o n o f the y o l k , v: 
t h e t e g u m e n t a r y or ' s e r o u s ' l a y 
er, a, accompanies t h e c mucous ' 
l a y e r , i, i n the process o f sever ing 
t h e v i t e l l i n e f r o m t h e i n t e s t i n a l 
cav i t ies , a n d an ou te r y o l k , or ' v i 
t e l l i c l e , ' resul ts . 

T h e e m b r y o o f the F r o g is ex
t r i c a t e d a t a less advanced stage 
o f developement t h a n t h a t o f a n y 
o the r ve r t eb ra t e a n i m a l : t he n e u 
r a l lamina? have u n i t e d a long the longitudinal section, Embryo of Fish, LXXIV. 

t r u n k , a n d t w o o f the haemal arches have become complete 
b e l o w t h e head, b u t , i n o ther par ts , t h e n e u r a l and haemal canals 
are closed o n l y b y t h e cor responding laminae i n a state o f m e m 
brane , t h e o r i g i n a l i n v e s t i n g membrane o f the y o l k b e i n g r e t a ined 
over a l l . 

A f t e r e x t r i c a t i o n , t h e tadpole r a p i d l y g r o w s , and the c h i e f 
change o f f o r m is wi tnessed i n t h e g i l l s : each o f t h e t w o l a t e r a l 
g i l l s pu ts f o r t h f o u r plates , w h i c h have vascular and r i c h l y c i l i a t e d 
surfaces, fig. 4 3 0 , C : a shor t a d d i t i o n a l l ea f le t is sometimes deve
l o p e d f r o m t h e base o f t h e h i n d e r g i l l . ' T h e c u r r e n t o f t h e 
b l o o d p o u r e d i n r e g u l a r pulsa t ions a t each c o n t r a c t i o n o f the 
hea r t passes u p each s tem or m a i n b r a n c h o f t h e branchiae, and a 
d i s t i n c t s t ream is g i v e n o f f t o each l e a f ; i t is p r o p e l l e d t o t h e 
e x t r e m i t y , a n d t h e n r e t u r n s d o w n t h e opposi te sides i n the mos t 
r e g u l a r m a n n e r , and t h e par ts are so t r anspa ren t t h a t e v e r y 
g l o b u l e o f b l o o d is d i s t i n c t l y and b e a u t i f u l l y v i s i b l e . ' 1 

T h e first cutaneous m o u t h is d e f i n e d b y ep ide rma l j a w s , i n the 
f o r m o f a v e r y shor t t ransverse ly ex tended beak, fig. 4 3 3 , 22, sur 
r o u n d e d b y a l i p a r m e d w i t h m i n u t e r a sp - l ike dent ic les , and a ided 
b y t h e pa i r o f cephal ic suckers p r o j e c t i n g b e h i n d the m o u t h . T h e 
w i d e p h a r y n x , c o m m u n i c a t i n g also w i t h the ou te r w o r l d b y the 
l a t e r a l b r a n c h i a l s l i t s , is ex t ended p o s t e r i o r l y b y a shor t oesophagus 
t o a s imp le gas t r ic en la rgement , b e y o n d w h i c h an e q u a l l y s imple 
i n t e s t i n a l sac, l a d e n w i t h t h e r e m n a n t o f the v i t e l l u s , g ives issue 
t o a sho r t a n d s t r a i g h t r e c t u m , w h i c h is c o n t i n u e d t o the l o n g 
t e g u m e n t a r y a n d t r a n s i t o r y c loacal canal a t t he f o r e - p a r t o f t h e 
subcauda l fin. T h e con ta ined y o l k , fig. 4 3 1 , hv, is n o t , as i n F ishes , 
fig. 4 3 2 , v, a m e r e ' f o o d - y o l k : ' i t is p a r t o f the germ-mass, a n d 
consists o f t h e e m b r y o n a l cel ls , w i t h t h e i r n u t r i t i o u s o i l -g lobules . 
" W h i l s t , t he r e fo re , i t serves t o n o u r i s h the g r o w i n g e m b r y o , i t also 

1 cccxvn. p. 101. 
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conthmes to be the seat o f progress ing developement , a n d c o i l 
a f t e r c o i l o f in tes t ine is f o r m e d be tween the d u o d e n u m be fo re , 
and the r e c t u m b e h i n d the p r i m i t i v e s imple v i t e l l i n e sac, t h e 
coils b e i n g disposed i n a close double sp i r a l , fig. 4 3 3 , T h u s , 
the f u l l y developed l a r v a is p r o v i d e d w i t h an a l i m e n t a r y canal , 

Diagram of the anatomy of the Tadpole. 

adapted, b y i t s l e n g t h and c o m p l e x i t y , f o r the ass imi la t ion 
o f the decaying vegetable ma t t e r s w h i c h c h i e f l y cons t i t u t e i t s 
f o o d . I n the convers ion o f th i s d iges t ive apparatus i n t o t h a t 
o f t he p u r e l y carn ivorous F r o g , t h e h o r n y cutaneous beak is 
changed i n t o a w i d e m o u t h f o r m e d b y we l l -os s i f i ed j a w s , t h e 
l o w e r one a rmed w i t h sharp t ee th . T h e b r a n c h i a l p h a r y n x is 
cont rac ted and closed at t he sides, excep t w h e r e i t communica tes 

w i t h the ears. T h e oesopha
gus and s tomach are e l o n g 
a ted ; t h e in t e s t ine is m a r v e l 
l o u s l y s h o r t e n e d ; t h e r e c t u m 
contrac ts , a n d is f o u n d t o 
open, a f t e r t h e abso rp t ion o f 
the t a i l and cutaneous ana l 
f o l d , j u s t i n f r o n t o f t h e 
symphys i s p u b i s , n o w c o m 
p l e t e d b y t h e deve lopemen t 
o f t h e h i n d l i m b s . W h i l s t 
t h e hear t , as a b e n t t u b e , fig. 
4 3 4 , / , sends o f f the b r a n c h i a l 
ar teries f r o m i t s f o r e p a r t , i t 
is connected b e h i n d w i t h ves
sels r a m i f y i n g o n t h e v i t e l 
l i c l e , i b . , b: a p o r t i o n o f t h i s 
is soon seen t o be m a r k e d 
o f f f r o m t h e res t , as t h e 

basis o f the f u t u r e l i v e r and pancreas. 

cccxxvm. 
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T h e e m b r y o n a l cells t h a t l a y the f o u n d a t i o n o f these glands , 
fig. 4 3 4 , e, are s i tua ted i n the angle be tween the i n t e s t i n a l y o l k -
mass, i b . b, a n d the s tomach, i b . c; n o t b e h i n d i t , as i n Fishes , 
fig. 435 . T h e y f o r m a h o l l o w g l a n d or caecum w i t h a w a l l o f c o m 
pac ted ce l l s ; and , a f t e r a c o m m u n i c a t i o n has been established w i t h 
t h e g u t , o ther cavi t ies or caeca p u l l u l a t e i n t h e cel l -blastema, and 
t h e l i v e r becomes conspicuous. e N o w h e r e , ' says B e i c h e r t , £ is t he 
n e w genera t ion o f cells w i t h i n parent-cel ls so obvious as i n the 
b las tema o f the l i v e r and pancreas . ' 1 T h e p r i m o r d i a l k i d n e y s , o r 
de-azot is ing organs, have n o w b e g u n to be developed be tween 
t h e aor ta a n d t h e i n t e s t i n a l pla tes , and t h e ducts o f these, 
t oge the r w i t h the ana l p r o l o n g a t i o n o f the i n t e s t i n a l t u b e , open 
u p o n t h e t e m p o r a r y t e g u m e n t a r y ven t . I n the Tadpo l e , as i n a 
F i s h , t he m o u t h is des t i tu t e o f t ongue , b u t a t t he entrance o f the 
m o u t h over t h e l i p s w e find among the ca r t i l ag inous t e e t h a t 
t h a t r e g i o n numerous conical-shaped bodies. These l a b i a l papillae 
consist o f an e x t e r n a l bo rde r o f p r i sma t i c e p i t h e l i a l cells p r o v i d e d 
w i t h c i l i a . T h e t o n g u e makes i t s appearance w h e n the f o r e l i m b s , 
fig. 4 3 3 , 54, 55, are evo lved . T h e habi ts n o w a l t e r : t h e Tadpo le 
no l onge r feeds o n decomposing substances, and cannot l i v e l o n g 
i m m e r s e d i n w a t e r . A s the t a i l o f t h e T a d p o l e a t rophies , t h e 
f u n g i f o r m papillae appear u p o n t h e nascent t ongue , increase i n 
size, a n d acqu i r e t h e pe rmanen t complex f o r m . 

Soon a f t e r t h e e x t e r n a l g i l l s have reached t h e i r f u l l develope
m e n t , t h e y b e g i n t o s h r i n k , and finally d i sappear ; b u t t h e 
b r a n c h i a l c i r c u l a t i o n is m a i n t a i n e d some t i m e l o n g e r u p o n t h e 
i n t e r n a l g i l l s ( p . 5 1 6 , fig. 3 4 5 ) ; these consist o f numerous shor t 
t u f t - l i k e processes f r o m the m e m b r a n e c o v e r i n g the ca r t i l ag inous 
b r a n c h i a l arches, fig. 4 3 3 , 47: t h e y are p ro t ec t ed b y the g r o w t h 
o f a membranous g i l l - c o v e r , w h i c h , as t h e e x t e r n a l branchiae are 
absorbed, leaves o n l y one s m a l l e x t e r n a l o r i f i c e , b y w h i c h the 
b r a n c h i a l streams a d m i t t e d b y t h e m o u t h con t inue to be expe l led . 
T h i s o r i f i c e m a y be v e r y p l a i n l y seen l i k e a crescentic c i c a t r i x , 
a l i t t l e b e h i n d a n d b e l o w the l e f t eye, i n t h e l a r v a o f the Rana 
paradoxal 

T h e c h i e f d i s t i n c t i o n b e t w e e n the f u l l y deve loped b r a n c h i a l 
c i r c u l a t i o n i n t h e B a t r a c h i a n l a r v a and t h a t o f the F i s h consists i n 
t h e presence o f s m a l l anas tomosing channels , b e t w e e n the b r a n c h i a l 
a r t e r y and v e i n o f each g i l l , p r o x i m a d o f the g i l l i t se l f . 

T h e p a r t w h i c h these anastomoses p l a y w i l l be unders tood b y 
t h e f o l l o w i n g d e s c r i p t i o n a n d figures o f the vascular t r a n s f o r m a t i o n 
as observed i n t h e N e w t . W h e n the g i l l s are i n f u l l deve lopement 

1 cccxxvm. 2 xx. vol. v. p. 77, preps, nos. 3286-3287, E. 
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and a c t i v i t y , t he p r i n c i p a l c i r c u l a t i n g vessels present the a r r ange 
m e n t shown i n fi>. 435 . 

T h e vessel, i b . 4, o r i g i n a l l y d i s t i n c t and l a rge before the deve
lopement o f the g i l l s , is n o w v e r y sma l l , a n d so close t o t h e 
o r i g i n o f 3 as t o appear to be i t s first b r a n c h : i t anastomoses 
w i t h the b r anch 21 f r o m the ao r t a l r o o t o f i t s o w n side, a n d 
proceeds to the nascent l u n g 19. T h e a r t e r y 3 supplies t h e h i n d 

mos t g i l l , a n d d i s t r i 
butes i t s b ranches t o 
t h e several b r a n c h i a l 
leaf le ts , 5, w h e r e t h e y are 
reso lved i n t o t h e c a p i l 
l a r y n e t w o r k , fig. 3 4 3 , 
p . 5 1 4 ; t h e b l o o d is r e 
t u r n e d b y t h e b r a n c h i a l 
ve ins , fig. 4 3 5 , 7,8, t o t h e 
t r u n k 9, w h i c h a t 16 j o i n s 
the co r re spond ing v e i n o f 
the m i d d l e g i l l t o f o r m 
the ao r t a l r o o t o r a r c h o f 

Branchial circulation; larval Newt (.Triton), CCLXXXII. 
t h a t s i d e : t h i s receives 

the anastomosing vessel 13, f r o m the b r a n c h i a l v e i n o f t h e first g i l l , 
and t hen sends o f f the accessory o r i g i n , 21, o f the p u l m o n a r y a r t e r y , 
19. T h e t h i r d p r i m a r y vascular a rch , 2, is t he b r a n c h i a l a r t e r y o f 
the midd le g i l l : i t effects a smal l anastomotic c o m m u n i c a t i o n , 14, 
w i t h the v e i n o f the g i l l before proceeding to expend i t s e l f u p o n t h e 
b ranch ia l lamellae, 6 ; t he r e t u r n i n g t r u n k , 9, a f t e r r e c e i v i n g t h e 
anastomotic t w i g , 14, j o in s the v e i n , 16, o f t h e t h i r d g i l l t o f o r m 
the aort ic arch. T h e fo remos t p r i m a r y vascular a r ch , 1, be fo re 
g o i n g to the first g i l l , anastomoses b y a sma l l channe l , 5, w i t h t h e 
v e i n , 9, o f t ha t g i l l ; w h i c h v e i n , a f t e r t h e above anastomosis, 
sends o f f the vessel 11 to the h e a d : before t h e anastomosis i t 
passes back and divides i n t o the vessel 13, j o i n i n g t h e b e g i n n i n g 
o f the aor ta l a rch , and the r e c u r r e n t b r a n c h 12, w h i c h also conveys 
ar ter ial ised b lood to the head. 

A s absorpt ion o f the branchiae proceeds i n » t h e p rog re s s ing 
metamorphosis , the f o l l o w i n g changes are observed i n the above 
described vessels, fig. 436 : the anastomosing channe l , 5, b e t w e e n 
the roots o f the a r t e ry and v e i n o f the first g i l l , d i la tes as t h e c i r 
cu l a t i on t h r o u g h t h a t g i l l is checked, and sends m o r e b l o o d i n t o 
the a r t e r y 11, i n t o the anastomotic channe l 13, a n d i n t o t h e a r t e r y 
12. I n l i k e manner the b lood o f the second g i l l begins t o be d i v e r t e d 
b y the anastomotic channel as i ts base l ead ing to 16, w h i c h assumes 
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a size t h a t g ives i t t he character o f the aor t ic arch. T h e p u l 
m o n a r y vessel, 4, n o w 

Branchial circulation during absorption of gills; larval 
Newt 'Triton), ccxxxxn. 

equals i n size t h e t r u n k , 
3, o f w h i c h i t was a 
b r a n c h ; and i t exceeds 
t h e t r i b u t a r y 21. 

W i t h t h e t o t a l disap
pearance o f t h e g i l l s t h e 
b l o o d o f t h e fo r emos t 
vascular a rch is c a r r i e d 
i n t o t h e t w o c h i e f ar 
ter ies o f t h e head, fig. 
4 3 7 ,12,18; e i the r d i r e c t l y , 
o r b y t h e t r a n s f o r m a t i o n 
o f t h e anastomotic channe l i n t o a r e c u r r e n t o r i g i n o f one o f these : 
i t is t hus conve r t ed i n t o the ca ro t id arteries. I n h i g h e r R e p t i l e s 
t h e o r ig in s o f 1, 1, are b l ended or p roduced i n t o a c o m m o n t r u n k 
o f t h e carot ids . 

T h e n e x t vascular a r ch , 2, 2, is n o w t r a n s f o r m e d i n t o the r i g h t 
a n d l e f t a r ch o f t h e aor ta , b y the en la rgement o f the anastomotic 
channe l 14, fig. 4 3 5 ; w i t h changes i n l e n g t h and pos i t ion b y w h i c h 
i t g ives o f f the cutaneous a r t e r y o f the neck, 15. T h e t r i b u t a r y , 21, 
t o t h e p u l m o n a r y a r t e r y , 4-19, is n o w shortened, and transverse i n 
p o s i t i o n : i n h i g h e r R e p t i l e s i t is s t i l l more shortened, and finally 
o b l i t e r a t e d as t h e e duc tus ar ter iosus ' o n each side. T h e o r b i t a l 
a r t e r y , i s , fig. 4 3 6 , a n d 11, fig. 4 3 7 , cont inues to be sent o f f f r o m 
t h e ao r t i c a rch . 

T h e first or h i n d m o s t o f the p r i m i t i v e vascular arches is n o w 
c o n v e r t e d i n t o the p u l m o n a r y a r t e r y , 
a n d t h e b l o o d w h i c h was t r a n s m i t t e d 
b y 3, figs. 435 and 4 3 6 , is n o w d i v e r t e d 
f r o m t h e la rges t o f the g i l l s t o the 
l u n g s . 

T h e b las tema, w h i c h lays the f o u n 
d a t i o n o f t h e l u n g s , is s i tua ted b e h i n d 
a n d a t t h e sides o f t h e f o r e p a r t o f 
t h e a l i m e n t a r y canal , w h e r e i t enters 
the b u c c o - b r a n c h i a l c a v i t y . T h e 
l u n g s b e g i n t o be f o r m e d as soon as 
t h e i n t e s t i n e b e h i n d has t a k e n o n i t s 
first s i g m o i d c u r v a t u r e . T h e y are 
n o t deve loped f r o m the a l i m e n t a r y 
cana l , b u t c o m m u n i c a t e w i t h i t soon a f t e r t h e es tabl ishment 

s s 2 

437 

Change s in branchial vessels after absorp 
tion of gills; Newt, CCLXXII. 
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o f the r e sp i ra to ry c a v i t y i n t h e i r p r i m i t i v e and i ndependen t 
b las tema: t h e i r c o m m u n i c a t i n g d u c t advances w i t h t h e e longa
t i o n o f the oesophagus, and at t he p o i n t o f i t s c o m m u n i c a t i o n 
t h e r e w i t h the l a r y n x is u l t i m a t e l y developed. T h e l u n g s t h e m 
selves ex tend , as s imple e longated sacs s l i g h t l y r e t i c u l a t e d o n t h e 
i n n e r surface, b a c k w a r d i n t o the abdomina l c a v i t y . These recep
tacles are no sooner f o r m e d t h a n t h e l a r v a rises t o t h e surface 
and swal lows a i r , w h i c h passes i n t o and expands t h e p repa red 
c a v i t y . W h e n the p u l m o n a r y r e sp i r a t ion has r e g u l a r l y b e g u n , t h e 
fo r e - l imbs are l i be ra t ed f r o m t h e b r a n c h i a l chamber , w h i c h n o w 
begins r a p i d l y to con t rac t i t s dimensions, a n d t o be c o m p l e t e l y 
pa r t i t i oned o f f f r o m the abdomina l c a v i t y w i t h w h i c h i t h a d p r e 
v i o u s l y communica ted . 

T h e changes i n the h y o - b r a n c h i a l apparatus , a ccompany ing 
those o f the b r e a t h i n g organs, are denned a t p . 9 0 , and i l l u s t r a t e d 
i n figs. 6 9 - 7 1 and 74. T h e deve lopement o f t h e vertebrae i s 
a t tended w i t h the convers ion o f b iconcave i n t o c u p - a n d - b a l l 
j o i n t s , b y ossif icat ion o f the substance o f t h e cav i t ies , a, fig. 4 3 3 , 
and i t s coalescence e i ther w i t h the f o r e (Pipa) or b a c k (Rana) 
pa r t o f the c e n t r u m , c. T h e c h i e f fac ts i n t h e f o r m a t i o n o f t h e 
s k u l l are stated a t p . 86 , figs. 6 8 - 7 1 . 

A b o u t the m i d d l e pe r iod o f aquat ic l i f e , t he t r u e or pe rmanen t 
k idneys beg in to be f o r m e d f r o m and u p o n the p r i m o r d i a l ones ; 
and the basis o f the ovar ia , or testes, m a y n o w be discerned. T h e 
o v i d u c t is soon d i s t i n c t f r o m the u r e t e r ; b u t t h e testes r e t a i n t h e 
same exc re to ry duc t as the k i d n e y s : t h e i r vasa de fe ren t i a c o m 
munica te w i t h re ta ined caeca o f the p r i m o r d i a l k i d n e y s be fo re 
pene t r a t i ng the la te r g l a n d s : the uppe r or an te r io r ends o f t h e 
first r ema in f o r some t i m e b e h i n d the hear t . 

I n the o f t en -quo ted exper iments o f E d w a r d s , 1 i t is n o t c l e a r l y 
shown tha t the Tadpoles o f the F r o g s w e r e cons t an t ly supp l i ed 
w i t h proper t empera tu re and f o o d , and the re fo re i t is n o t sat isfac
t o r i l y p roved t h a t the arrest o f the metamorphosis was due so le ly 
to the absence o f l i g h t . M e r e absence o r d i m i n u t i o n o f t h i s 
s t imulus does n o t i n a l l cases check the progress o f t h e tadpole t o 
the Frog-s ta te . O v a o f a F r o g , deposi ted on M a r c h 1 1 , w e r e 
placed i n a vessel covered w i t h s ix or e i g h t fo lds o f b l a c k g lazed 
calico i n a da rk p a r t o f a r o o m , b u t i n a t empera tu re o f f r o m 5 5 ° t o 
6 5 ° Fah renhe i t , and supp l i ed w i t h p roper f o o d . 2 T h e larvae w e r e 
hatched on M a r c h 2 0 ; a t ta ined the l e n g t h o f an i n c h o n M a y 1 , fio-. 
4 3 8 ; had pushed o u t t he i r h ind- legs , fig. 4 3 9 , o n M a y 1 0 , ' a n d 
the i r fore-legs, fig. 4 4 0 , o n M a y 16 : the t a i l began to be absorbed 

1 CCXCVII. 2 cccxvm. 
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a t t h a t date, was reduced to a s t ump , fig. 4 4 1 , on the 1 8 t h , and was 
r e m o v e d b y M a y 2 0 ; the metamorphosis b e i n g f u l l y comple ted , as 
i n fig. 4 4 2 , i n a l l the tadpoles b y M a y 22 . 

T h e figures 438 to 4 4 1 i l l u s t r a t e the c h i e f o u t w a r d changes w h i c h 
accompany the ba t rach ian metamorphos is , as e x e m p l i f i e d i n Rana. 

I n Bufo t he tadpole is smal ler a n d b l a c k e r i n a l l t h e stages o f 
g r o w t h and metamorphosis . I n b o t h genera o f A n o u r a n s the 
g r o w t h is greatest a t the phase figured i n 439 ; w i t h the subse
q u e n t phases the b u l k o f the b o d y is d i m i n i s h e d : a n d th i s is 
r e m a r k a b l y the case i n the Rana paradoxa. 

I n the N e w t s ( T r i t o n ) the g i l l s are i n th ree pa i rs , l a rge r and 
more complex t h a n i n the F r o g : the f o r e - l i m b s are the first t o 
emerge , and the g i l l s persis t l o n g a f t e r the h i n d - l i m b s are deve
loped . I f l a te ha tched and i n a co ld season, the g i l l s m a y be r e 
t a i n e d t h r o u g h the ensu ing w i n t e r : t h e y are absorbed be fo re t h e 
n e x t b r eed ing season comes on . 

M u c h ingen ious con j ec tu re has been expended o n the in f luence 
o f e x t e r n a l c ircumstances and i n t e r n a l vo l i t i ons a n d ef for t s d u r i n g 
t h e s t ruggles f o r existence i n the o r i g i n o f species b y progressive 
t r a n s m u t a t i o n ; and t h e i r succession o n th i s p l ane t has been 
specu la t ive ly assigned t o such causes. I n the metamorphoses o f 
the B a t r a c h i a w e seem to have such process ca r r i ed on before o u r 
eyes to i t s ex t remes t ex t en t . N o t m e r e l y is one specific f o r m 
changed t o another o f the same g e n u s ; n o t m e r e l y is one gener ic 
m o d i f i c a t i o n o f an o rde r subs t i t u t ed f o r a n o t h e r ; the t r a n s m u 
t a t i o n is n o t even l i m i t e d b y passing f r o m one order ( Urodela) t o 
ano the r (Anoura): i t affects a t r a n s i t i o n f r o m class to class. T h e 
F i s h becomes t h e F r o g ; the aqua t ic a n i m a l changes to the te r res
t r i a l o n e ; t h e wa te r -b rea the r becomes the a i r -b rea ther ; an insect 
d i e t is s u b s t i t u t e d f o r a vegetable one. A n d these changes, m o r e 
ove r , proceed g r a d u a l l y , c o n t i n u o u s l y , and w i t h o u t any i n t e r r u p t i o n 
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o f act ive l i f e . T h e l a r v a h a v i n g s ta r ted i n t o independen t e x 
istence as a fish, does n o t relapse i n t o the passive t o r p o r o f t h e 
o v u m , to leave the o rgan is ing energies to comple te t h e i r w o r k 
u n t r o u b l e d b y the p l a y o f the par ts t h e y are t o t r a n s m u t e , b u t 
step b y step each organ is m o d i f i e d , and the behav iou r o f t h e 
an imal and i t s l i fe-sphere are the consequence, n o t t h e cause, o f 

the changes. 
T h e ex t e rna l g i l l s are n o t d r i e d and s h r i v e l l e d b y exposure t o 

the a i r , nor does the l a r v a g a i n i t s l ungs b y e f fo r t s t o change i t s 
element and inhale a n e w r e sp i r a to ry m e d i u m . T h e beak is 
shed, the j a w s and tongue are developed, and t h e g u t shor tened, 
before the y o u n g F r o g is i n a c o n d i t i o n t o ca tch a s ingle fly. 
T h e embryo acquires the b r e a t h i n g a n d l o c o m o t i v e organs— 
gi l l s and compressed t a i l — w h i l e i m p r i s o n e d i n t h e o v u m ; and 
the tadpole obtains i t s lungs and l a n d - l i m b s w h i l e a denizen o f 
the p o o l : ac t ion and reac t ion be tween t h e g e r m a n d t h e gela
t inous atmosphere o f the y o l k , or b e t w e e n the l a r v a and i t s 
aqueous atmosphere, have no pa r t i n these t r ansmuta t ions . T h e 
Ba t r ach ian is compel led to a n e w sphere o f l i f e b y antecedent 
obl i tera t ions , absorptions, and developements , i n w h i c h e x t e r n a l 
influences and i n t e r n a l effor ts have no share. 

T h e phenomena o f ba t rach ian metamorphos is , t h a t each s p r i n g 
are observable whe reve r there is a poo l o f w a t e r i n a g r e e n field 
o f E n g l a n d , are amongst the most sugges t ive a n d i n s t r u c t i v e 
w h i c h the an ima l economy affords. 

§ 120. Developement of Scaled Reptiles.—From the d i f fe rence i n 
the s t ruc tu re o f the o v u m i n the scaled and n a k e d B e p t i l e s , t he p r o 
p o r t i o n o f the f o o d - y o l k t o the g e r m - y o l k is m u c h grea te r i n t h e 
f o r m e r , and the f o r m a t i o n o f a germ-mass b y the d i f f u s i v e process 
o f successive fissions is r e s t r i c t ed t o a smal ler p r o p o r t i o n o f t h e 
o v u m t h a n i n Fishes. T h e f o r m a t i o n o f the e m b r y o n i c t race c lose ly 
resembles t h a t i n the F i s h and F r o g ; b u t , ins tead o f r i s i n g above 
the y o l k - b a l l , t he e m b r y o sinks i n t o i t ; first b y t h e head, w h i c h , 
as i t p lunges i n , gets covered b y a f o l d or hood o f t h e * serous ' o r 
outer embryona l ce l l - l aye r , d r a w n progress ive ly over t h e b o d y 
u n t i l i t is sheathed t o b e y o n d the h e a r t ; t h e n t h e t a i l , b e n d i n g 
d o w n , acquires a caudal shea th ; and the res t o f the t r u n k s i n k i n g , 
the marg ins o f the serous b e d are p roduced over i t c o n t i n u o u s l y 
w i t h the bodies o f the cephalic and caudal sheaths, c o n t r a c t i n g 
concent r ica l ly u n t i l the w h o l e e m b r y o is inc losed i n a i serous ' b ag , 
re f lec ted , as i t seems, f r o m the u m b i l i c u s , a n d thus t h e < amnios , ' 
fig. 4 4 5 , a, is cons t i tu ted . T h e e m b r y o b e i n g i m p r i s o n e d i n t h e 
se rum o f th i s bag, branchiae c o u l d n o t act, and are n o t developed ; 
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b u t a t e m p o r a r y a i r - b r e a t h i n g o rgan is subs t i t u t ed to remove the 
ca rbon as the organic machine becomes more complex , and i t s 
actions more v igorous and var ious . F r o m the fo re -pa r t o f the 
cloaca a vesicle is p r o t r u d e d w h i c h elongates, escapes b y the u m 
b i l i c u s , and , c a r r y i n g a long w i t h i t blood-vessels, applies t h e i r 
r ami f i ca t ions t o the i n n e r side o f t h e s h e l l : th i s is t he ' a l lanto is , ' 
figs. 445 a n d 4 5 0 , b. 

O n the p a r t o f the y o l k s u p p o r t i n g the e m b r y o blood-channels 
appear w h i c h f o r m a c i r c u l a r canal ca l led ' v e n a t e r m i n a l i s ; ' i t 
bends t owards the e m b r y o at t h e p a r t near the head, and passes 
t h r o u g h t h e open ing o f the cephalic hood to a t ransverse canal , 
' v e n a afferens, ' b e h i n d the hea r t : th i s is n o w an o b l i q u e l y b e n t t u b e , 
w h i c h pulsates a n d sends t h e c i r c u l a t i n g fluid to a dorsal vessel, 
w h i c h soon d i s t r ibu tes vessels, r i g h t and l e f t , i n the abdomina l 
r e g i o n to t h e ' vena t e r m i n a l i s , ' t owards w h i c h numerous chan
nels pass f r o m the i n c l u d e d space, fig. 4 5 0 , c, t he w h o l e n o w 
f o r m i n g the ' area vascu losa ' u p o n t h e y o l k . T h e fluid first 
c i r c u l a t e d i n t h i s sys tem o f channels is pale plasma w i t h g ranu les . 1 

T h e first c i r c u l a t i o n i n an amn io t i c e m b r y o m a y be descr ibed as 
passing f r o m the hear t - tube b y vascular arches t o the ' dorsal 
a r t e r y , ' w h i c h supplies the par t s o f the e m b r y o , and sends ' o m -
phalo-mesera ic ' branches t o the ' area vasculosa, ' f r o m the ' vena 
t e r m i n a l i s ' o f w h i c h area the b lood r e tu rns b y the ' vena afferens ' 
t o the hear t . T h e dorsal a r t e r y b i fu rca tes pos t e r io r ly , and r e t u r n s 
a l o n g t h e abdomen as the ' vena? cardinales : ' t he arteries t o t h e 
head also r e t u r n as ' p recava l veins , ' and a l l these t e r m i n a t e i n 
t h e ' v e n a afferens. ' D i l a t a t i o n s o f the hea r t - tube ind ica te a 
v e n t r i c l e , fig. 4 4 3 , « , and a ' b u l b u s ar ter iosus, i b . b : ' t he l a t t e r is 
more p r o m i n e n t a t first. A n a u r i c u l a r d i l a t a t i o n b e h i n d the v e n 
t r i c l e n e x t appears. A pro tuberance i n advance o f the caudal 
c u r v a t u r e is f o r m e d b y w h a t soon is recognisable as a h o l l o w sac, 
i b . d; w h i c h , as i t expands, carries w i t h i t branches f r o m the 
dorsa l a r t e r y : these are t h e ' u m b i l i c a l ' or ' a l l an to ic ' ar ter ies , 
fig. 4 5 0 , i, w h i c h convey , as the bag p ro t rudes and expands, p a r t 
o f t h e c i r c u l a t i o n to receive the in f luence o f t h e a i r t h r o u g h the 
pores o f t h e s h e l l ; and , t h e b l o o d r e t u r n i n g b y the ' u m b i l i c a l ' o r 
' a l l an to ic veins , ' a subs id ia ry c i r c u l a t i o n t o t h e v i t e l l i n e , i b . c, is 
es tabl ished, analogous t o t h e b r a n c h i a l one o f Ba t rach ians a n d 
F ishes . T h e b l o o d has n o w become r e d , a n d o f shades i n d i c a t i n g 
i t s a r t e r i a l a n d venous condi t ions . T h e blood-corpuscles , a t first 
g l o b u l a r , become s l i g h t l y flattened, b u t t h e discs are c i r c u l a r be 
f o r e a c q u i r i n g t h e i r e l l i p t i c a l f o r m . 2 T h e omphalo-mesenter ic 

1 Hunter, CCLXXX. (1794) p. 45, and xx. vol. v. p. xxiv. 
2 When the heart begins to lose its tubular shape the blood-particles are minute 
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arteries d iverge f r o m a common t r u n k , and the venous channels 
become more concentra ted towards the hear t . A venous sinus is 
f o r m e d b e h i n d the aur ic le , and th i s is d i v i d e d b y a v a l v u l a r s t r u c 
t u r e f r o m the v e n t r i c l e , w h i c h n o w is l a r g e r t h a n t h e b u l b u s . 

T h e changes o f the p r i m i t i v e vascular arches i n t o t h e a r t e r i a l 
t r u n k s a r i s ing f r o m the a d u l t hea r t are ef fected more speedi ly and 
d i r e c t l y i n a l lantoic R e p t i l e s t h a n i n B a t r a c h i a , pp . 5 1 9 , 520 , 
because no b r a n c h i a l organs and vessels are d e v e l o p e d : such spe
cia l r e sp i ra to ry apparatus f o r a t e m p o r a r y aquat ic existence is 
in terposed i n the anal lantoic species, and i n t e r r u p t s , so t o speak, 
the course o f the t r a n s f o r m a t i o n w h i c h is n o w t o be descr ibed. 

T h e p r i m i t i v e d i s t r i b u t i o n o f b lood f r o m t h e ' b u l b u s ' o f the 
embryona l hear t i n c V e r t e b r a t e s ' is b y a series o f s y m m e t r i c a l 
arches o n each side the a l i m e n t a r y canal , dorsad o f w h i c h those 
loops or arches u n i t e t o f o r m or j o i n t h e aor t ic t r u n k : t h e y re la te 
to the p r i m i t i v e segmental character o f the e m b r y o , co -ex i s t i ng 
w i t h m a x i l l a r y , m a n d i b u l a r , hyo idean , and scapular segments, a l l 
o f w h i c h at th i s p e r i o d are unclosed arches o n t h e s t e rna l aspect 
o f the fo re -pa r t o f the body . 

T h e f o u r or five p r i m i t i v e vascular arches have no essential 
r e l a t i on to g i l l s , any more t h a n the c l e f t s or depressions b e t w e e n 
the b u d d i n g piers o f the m a x i l l a r y , fig. 4 4 4 , a, m a n d i b u l a r , i b . b, 
and hyoidean , i b . c, arches are necessari ly t h e precursors o f the 
b ranch ia l openings. B o t h p r i m a r y s t ruc tu res ex i s t i n t h e e m b r y o 
o f those ver tebra te classes t h a t never possess t h e t r u e b r a n c h i a l 
o rgans : these are superadded developements u p o n t h e c o m m o n 
segmental t y p e o f p l eu rapophys ia l and p l e u r a r t e r i a l pa r t s , w h i c h 
developements are pecu l ia r t o Fishes and Ba t rach ians , pe r s i s t i ng 
i n the first, and van i sh ing i n most o f the l a t t e r V e r t e b r a t e s . 
O f the three vascular arches o n each side Iby w h i c h t h e b l o o d 
passed f r o m the b u l b u s to the dorsal vessel, the h i n d m o s t are 
progress ive ly conver ted , w i t h t h e g r o w t h o f t h e l u n g s , i n t o the 
' p u l m o n a r y arteries, ' each r e t a i n i n g a connec t ion w i t h the second 
pai r o f vascular arches; the t h i r d , o r an te r io r pa i r , w i t h t h e 
developement o f the head and f o r e - l i m b s , i n l i k e manne r become 
d ive r t ed to t h e i r exc lus ive service, b u t f o r a t i m e r e t a i n a c o n -

transparent globular cells, with a large granulated nucleus (mesoblast, Ag.), attached 
to the wall. ' By the application of water the nucleus bursts and the whole granular 
contents come out, but still retain their globular state and appear to have a membrane 
about them. From this it would appear that the apparently granular contents of the 
mesoblast constitute, in reality, an entoblast (nucleolus), which fills the mesoblast ' 
The flat elliptic form is not attained until very late. The mesoblast is faint and 
homogeneous to within a short time before extrication of the turtle: in the adult i t 
contains a darker entoblast. ccc. p. 617. 
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nec t ion w i t h the m i d - p a i r , as s h o w n i n fig. 3 3 2 , p . 504 , a t A . 
T h e r e t u r n i n g b lood f r o m the e x p a n d i n g l u n g s leads to the deve
lopemen t o f a d i s t i nc t chamber i n the aur ic le , w h i c h finally be 
comes the l e f t aur ic le . P a r t i t i o n s i n the bu lbus arteriosus e f fec t 
a d i s t i n c t c o m m u n i c a t i o n o f the p u l m o n a r y arteries w i t h the 
v e n t r i c l e , and a d i v i s i o n o f w h a t n o w becomes 6 a o r t a ' i n t o t w o 
t r u n k s . O f these one is appropr ia t ed to the l e f t o f the p r i m i t i v e 
pa i r o f m i d d l e arches ; the o ther becomes the t r u n k o f the r i g h t 
a r ch o f t h a t pa i r , and also o f the an te r io r pa i r i n course o f change 
i n t o b r a c h i a l and ca ro t i d arteries. T h e c duc tus a r te r ios i , ' be tween 
the an te r io r and m i d d l e arches ( f i g . 3 3 2 , A ) , are u s u a l l y absorbed 
(as a t D , fig. 3 3 4 ) : those b e t w e e n the pos ter ior and m i d d l e arches 
( D , fig. 3 3 5 ) are l o n g e r re ta ined t h r o u g h the same course o f change. 
T h e t r u n k , w h i c h gives o f f the carot ids e i the r e x c l u s i v e l y or i n 
c o m m o n w i t h the brachia ls , is pos ter ior i n Rep t i l e s t o the t r u n k 
o f t he l e f t aor ta , a n d to t h a t o f the p u l m o n a r y a r t e r y . W i t h t h e 
developement o f septa i n the bu lbus , there proceeds a l i k e change 
i n the v e n t r i c l e i t se l f , b u t i t does n o t reach the c o n d i t i o n o f a 
comple te e s ep tum v e n t r i c u l o r u m ' u n t i l t he c rocod i l i an t y p e o f 
Hasmatocrya is a t t a ined ( f i g s . 339 , 340 ) . 

T h e s u b s t i t u t i o n o f k idneys f o r W o l f f i a n bodies is preceded b y 
an en la rgement o f the l a t t e r , fig. 4 4 3 , f 3 a t t h e i r m i d d l e p a r t , 
w i t h a t t enua t ion o f t h e i r ends: the 
t r u e k i d n e y s b e g i n to be f o r m e d a t 
the uppe r m e d i a l pa r t , and t h e i r u r i -
n i f e r o u s tubes are l a rge r and more 
convo lu t ed . T h e g e n i t a l organs 
appear as a n a r r o w w h i t e b a n d u p o n 
the v e n t r a l side o f the W o l f f i a n body . 

T h e developement o f the b r a i n 
c losely resembles t h a t i n t h e F i s h 
( p p . 604 , 6 0 7 ) , b u t i t soon bends 
d o w n at a s t ronger angle w i t h the 
m y e l o n . T h e cerebel lar f o l d is first 
d i s t i n g u i s h a b l e ; a f t e r w a r d s the de
flected an t e r io r p a r t o f the encepha
l o n becomes d i v i d e d i n t o mesen
cepha lon , c e r e b r u m , and o l f a c t o r y 
lobes , a n d the c e r e b r u m speedi ly 
a t ta ins the s u p e r i o r i t y o f size w h i c h 
d i s t ingu ishes the b r a i n o f the R e p t i l e f r o m t h a t o f t h e F i s h . T h e 
p i n e a l g l a n d shows a l a rge p r o p o r t i o n a l size i n t h e e m b r y o T u r t l e , 
as does also the e t ha lamus ' o r l o w e r lobe o f the mesencephalon, 
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444 

i n w h i c h the opt ic nerves c h i e f l y o r i g i n a t e : t he ven t r i c l e s are 
large i n each mass. T h e eye -ba l l is f o r m e d , as i n Fishes , b y t h e 
bend ing o f a sausage-like bag abou t the lens, and the coalescence 
o f the ends b r o u g h t i n t o contact . T h e c i c a t r i x , s h o w n i n fig. 4 4 3 , 
soon disappears. T h e capsule is n e x t d i f f e r en t i a t ed f r o m t h e lens 
proper . T h e eye -ba l l i s , at first, unp ro t ec t ed , as i n F ishes ; b u t 
the cont iguous sk in -border begins to encroach u p o n i t s f o r e p a r t , 
w i t h m o d i f i e d g r o w t h , t o f o r m the eyel ids . 

A f t e r the developement o f the l a b y r i n t h f r o m t h e p r i m i t i v e 
ear-capsule, a t y m p a n i c c a v i t y is f o r m e d , i n w h i c h t h e e stapes ' 

appears as a shor t t h i c k ca r t i l ag inous 
c y l i n d e r i n the Che lon ia , i n w h i c h t h e 
e meatus a u d i t o r i u s ' broadens ou twards 

jj t o a t r u m p e t shape, w h i c h i t re ta ins . I n 
the O p h i d i a the f stapes,' fig. 4 4 4 , B , e, is 
s i m i l a r l y developed, i n d e p e n d e n t l y o f the 
t y m p a n i c and m a n d i b u l a r ( o r so-called 
M e c k e l ' s ) ca r t i l age , i b . d, as s h o w n b y 
R a t h k e , i n Natrix torquata. T h e nos t r i l s 
appear as deep depressions a t t h e f o r e end 
o f the head, t h e m a r g i n s o f w h i c h become 
i n c u r v e d , and t h e b o t t o m o f t h e sac is 
p roduced i n t o a canal c o m m u n i c a t i n g w i t h 

H^alarc^of ™ ; embryo ^ 

I n and f r o m t h e m e m b r a n e o f t h e 
no tochord , con t i nued a long t h e basis c r a n i i , is deve loped t h e 
car t i lage o f the basi-presphenoid, b l e n d i n g l a t e r a l l y w i t h t h e 
ear-capsules : t h e basal car t i lage b i fu rca t e s a n t e r i o r l y , and r e 
uni tes s u r r o u n d i n g t h e h y p o p h y s i a l fissure: i t is t h e n c o n t i n u e d 
s i n g l y f o r w a r d , a n d expands a n t e r i o r l y i n connec t ion w i t h car
t i l ag inous plates f r o m w h i c h , i n Chelonia a n d Ophidia, t h e 
prof ronto-nasa l bones are developed. I n Lacertilia t he l a ro - e 

' l a c r y m a l ' bones g r o w f r o m the same e m b r y o n a l ca r t i l age . 
B e h i n d these fo remos t representa t ives o f neurapophyses are 
three pairs , more c l ea r ly s h o w i n g the neu rapophys i a l characters : 
t he pa i r r e s t ing o n the b i f u r c a t e d presphenoida l p a r t o f t h e 
basal car t i lage, i n r e l a t i o n t o the op t i c nerves , become < o r b i t o 
s p h e n o i d s ; ' 1 the n e x t pa i r , i n r e l a t i o n t o t h e t r i g e m i n a l nerves , 
s i tua ted an te r io r to the <ear-capsules, ' become the ' a l i s p h e 
n o i d s ; ' 2 the pa i r b e h i n d t h e ear-capsules, r e s t i n g o n t h e 
basioccipi ta l , become the ex- a n d p a r - o c c i p i t a l s . 3 T h u s t h e 

• cccxxx taf. vii. fig. 17 / < vorderer Keilbeinfliigel.' «Ib. e, < hinterer Keilbeinflugel. 
lb. 6, Seitentheil des Hinterhauptbeines.' 
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neu ra l arches o f f o u r v e r t e b r a l segments are p l a i n l y ind ica ted i n 
the developement o f the r e p t i l i a n c r a n i u m . T h e haemal arches 
m a k e t h e i r first appearance as pairs o f slender r i b - l i k e bones : 
t h e fo remos t , fig. 4 4 4 , a, becomes the p a l a t o - m a x i l l a r y a rch ; 1 t he 
n e x t ea r ly shows more c l ea r ly i t s d i v i s i o n i n t o the p l e u r - and 
haem-apophysial par ts o f the t y m p a n o - m a n d i b u l a r a rch , i b . b; t he 
t h i r d , i b . c, is t he h y o i d a r c h : the f o u r t h has no longe r t h e 
cephalic r e l a t i o n w h i c h i t shows i n F i s h e s ; and the f o u r neura 
pophyses are matched be low b y o n l y th ree haemapophyses i n t h e 
r e p t i l i a n c r a n i u m . 

I n the oviparous Snakes, Natrix torquata, e. g . , a c e r t a in 
progress i n the developement o f t h e e m b r y o is f o u n d to have 
been made w h e n the egg is l a i d , and the rest is comple ted a n d 
the y o u n g ex t r i ca t ed i n the course o f about t w o months , sooner 
or la ter , accord ing to the s u r r o u n d i n g t empera tu re . 

W h e n deve lopement has advanced t o the f o r m a t i o n o f t h e 
amnios abou t the e m b r y o , the head is d i s t i nc t , and shows the eye
b a l l and ear-sac; also the m a x i l l a r y and m a n d i b u l a r processes and 
the b e g i n n i n g o f t h e h y o i d , w i t h the i n t e r v e n i n g depressions, m i s 
ca l led e b r a n c h i a l c l e f t s : ' t he hear t , as a s i gmoida l l y ben t t u b e , 
fills t he concav i ty b e t w e e n t h e f r o n t a l process and the ches t : 
the a l lantois has p r o t r u d e d , as a g l o b u l a r vesicle, about t h e size 
o f the h e a d ; a n d b e y o n d i t s emergence the t a i l f o r m s a s ingle 
sp i ra l c o i l : t h e vascular area o n w h i c h the v i t e l l i n e vessels r a m i f y 
covers h a l f t he f o o d - y o l k . T h e l o n g t r u n k o f the Serpen t g r o w s 
i n a series o f decreasing spirals , and w h e n five or s ix are f o r m e d , 
the r u d i m e n t o f the l i v e r a n d the p r i m o r d i a l k i d n e y s are d is 
cern ib le . F i g . 4 4 4 shows t h e e m b r y o at t h i s p e r i o d m a g n i f i e d 
f o u r t i m e s : a is t he amnios , b 
t he a l lan to i s , d i t s t u b u l a r s tem, 
p roduced f r o m t h e cloaca, or 
' urachus : ' t h e f r o n t v i e w o f the 
head shows t h e e f r o n t a l process, ' 
o, and the bases, n, o f t h e pa la to 
m a x i l l a r y haemal a rch . T h e p r i 
m o r d i a l k i d n e y s are r e m a r k a b l e 
f o r t h e i r l e n g t h : c indica tes a 
p o r t i o n o f t h e v i t e l l i c l e . W i t h 
t h e d i l a t a t i o n o f t h e f o r e - p a r t o f 
the a l i m e n t a r y canal i n d i c a t i n g 
t h e s tomach, a sma l l appendage, the pancreas, appears, m a r k i n g 
t h e b e g i n n i n g o f t h e in t e s t ine . T h e l u n g s are n e x t seen as a 

1 cccxxx. taf. v i i . fig. 11, e, ' Obeikiefer.' 
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s y m m e t r i c a l pa i r o f l ong i sh s imple sacs, e x t e n d i n g f r o m t h e 
p h a r y n x on each side o f the oesophagus t o t h e b e g i n n i n g o f the 
l i v e r : the l e f t d i v i s i o n soon begins to exceed t h e r i g h t i n l e n g t h , 
and t h e n seems to monopolise the p o w e r o f g r o w t h . T h e c o m m o n 
s tem or neck o f the p u l m o n a r y sacs elongates, con t rac t s , and 
begins to show traces o f the t ransverse c a r t i l a g e s ; a n d at abou t 
the l a t t e r t h i r d o f the deve lopementa l p e r i o d the r i g h t l u n g appears 
as a mere appendage to the b e g i n n i n g o f t h e l e f t . T h e appear
ance o f m a l p i g h i a n bodies, as m i n u t e r e d po in t s o n p a r t o f the 
surface o f the p r i m o r d i a l k i d n e y s , is t he first i n d i c a t i o n o f the 
developement t h e r e f r o m o f the k i d n e y s : these g r o w b e t w e e n 
the p r i m o r d i a l k idneys and the vertebrae a t t h e h i n d m o s t end o f 
the abdominal c a v i t y . T h e testis, or o v a r y , is d i f f e r e n t i a t e d f r o m 
the v e n t r a l surface o f the f o r e - p a r t o f t h e p r i m o r d i a l g lands : at 

one pe r iod o f deve lopement the p r i m o r 
d i a l ducts coexis t w i t h the sperm-duct 
and ureters . F o u r or five ducts emerge 
f r o m the l i v e r and u n i t e i n t o a com
m o n one before c o m m u n i c a t i n g w i t h 
the in tes t ine ; a s imi l a r d u c t , proceed
i n g f r o m the c o m m o n one, expands at 
i t s opposite end i n t o the ga l l -b ladder . 
T h i s remains near the p y l o r u s : the 
hepat ic duc ts elongate as the in tes t ine 
recedes o n the g r o w t h o f t h e snake. 
T h e spleen first appears as an append
age to the n a r r o w end o f the pancreas. 
I n the male e m b r y o , the t w o b i f u r c a t e 
penes p ro j ec t f r o m the cloaca before 
the p e r i o d o f e x t r i c a t i o n . 

F i g u r e 446 shows t h e pos te r ior h a l f 
o f the e m b r y o o f the V i p e r a t a la te 
p e r i o d o f developement . T h e y o l k 
bag , a, is m u c h reduced i n size, b u t 
is n o t y e t t a k e n i n t o the a b d o m i n a l 
c a v i t y ; b is t he p o r t i o n o f the amnios 
adherent to the v i t e l l i c l e ; c is t h e 
shor t pedic le , i n c l u d i n g p a r t o f d, t h e 
duc tus v i t e l l o - i n t e s t i n a l i s , w h i c h as
cends to t e r m i n a t e a t e, b e t w e e n the 
l o n g i t u d i n a l fo lds o f the mucous m e m 

brane o f the smal l in tes t ine , / . T h e c o n t i n u a t i o n o f the in tes t ine t o 
the cloaca, I, is shown at g, h ; t he ovar ia at i, i ; t h e k i d n e y s a t k, k. 
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I n figure 4 4 7 , the v i t e l 
l i c l e o f a V i p e r , a t a more 
advanced p e r i o d , shows p a r t 
o f the f o o d - y o l k e n t e r i n g 
t h e abdomina l c a v i t y , a t a: 
t he duc tus v i t e l l o - i n t e s t i -
na l i s , d, is r educed t o a 
t h r e a d : g is t he in t e s t ine , 
and k the k i d n e y . 

F i g u r e 448 shows t h e 
body o f a V i p e r j u s t be fore 
the p e r i o d o f e x t r i c a t i o n 
f r o m the egg - cover ings ; 
t he parietes o f the abdomen 
are p a r t l y r e m o v e d to show 
the v i t e l l i c l e , b, w h i c h has 
n o w become inc losed i n 
t h a t c a v i t y , w i t h a lmost 
comple te o b l i t e r a t i o n o f the 
u m b i l i c a l c i c a t r i x : a, t he 
remains o f amnios and a l 
lan to is : d, t he m u c h shor t 
ened duc tus v i t e l l o - i n t e s t i -
n a l i s : g, t he l i v e r : f f , the 
s t o m a c h : f , t he d u o d e n u m : 
n, t he smal l i n t e s t i n e : the 
o ther l e t te r s ind ica te the 
same par t s as i n the p r e 
ced ing figures. 

T h e g r a v i d V i p e r is more 
t h a n u s u a l l y s l ugg i sh , and 
loves t o bask i n t h e h o t 
sunshine, t u r n i n g her b e l l y 
as i f t o c o u r t the a i d o f the 
extraneous w a r m t h i n ac
ce l e r a t i ng t h e i n t e r n a l i n 
c u b a t i o n o f he r eggs. 

F i g u r e 4 4 9 shows the 
egg a n d e m b r y o o f t h e 
M o n i t o r L i z a r d near t h e 
p e r i o d o f e x t r i c a t i o n : a is 

447 

Vitellicle of a Viper at a more advanced period, showing the 
yolk partially taken into the abdominal cavity, XLIII . 

448 

Body of a Viper just before it is hatched, XLIII . 

t h e r e m n a n t o f t h e f o o d - y o l k : b t h e a m n i o n l a i d open t o show t h e 
e m b r y o , d; i t s l o n g t r u n k and t a i l are packed i n sp i r a l fo lds as 
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i n the e m b r y o S e r p e n t : e is the l ea the ry a n d p a r t i a l l y c a l c i f i e d 
egg-shel l . A n e m b r y o L i z a r d , a t an ear l i e r p e r i o d o f deve lope
m e n t , is s h o w n i n fig. 443 . 

H u n t e r l e f t t h e f o l l o w i n g prepara t ions i l l u s t r a t i v e o f t h e 
deve lopemen t o f t h e C r o 
codi le . N o . 3 3 6 4 shows t h e 
calcareous o u t e r c ru s t o f 
the i n n e r ' m e m b r a n a p u t a -
m i n i s ' o f the egg : N o . 3365 
shows t h e a t t a c h m e n t o f the 
vascular a l lan to is t o t h a t shel l 
membrane i n an e m b r y o i n 
w h i c h p a r t o f t h e y o l k has been 
rece ived w i t h i n the abdomen. 
I n N o . 3366 t h e h i n d e r h a l f 
o f t he Crocod i l e is dissected 
to show the c o n d i t i o n o f the 
v i t e l l i n e a n d a l lan to ic sacs at 
t h e close o f foetal develope
m e n t : t he v i t e l l i c l e presents 
an i r r e g u l a r loba ted f o r m , 
and i t s shor t and n a r r o w 
d u c t communicates w i t h the 
sma l l i n t e s t i ne a l i t t l e be low 
t h e d u o d e n u m : the a l lantois 
communica tes w i t h the l o w e r 
and f o r e p a r t o f t h e cloaca 

b y means o f a l o n g and slender d u c t homologous w i t h the urachus : 
b u t no p a r t is d i l a t e d , as i n c e r t a i n L i z a r d s , t o f o r m t h e u r i n a r y 

b ladder . I n N o . 3 3 7 0 is s h o w n the 
v i t e l l i c l e , a f t e r i n c l u s i o n w i t h i n the • 
abdomina l w a l l s ; i t is m u c h reduced 
i n size, a n d i t s contents are h a r d and 
s t r i n g y . 

T h e p e r i o d o f e x t e r n a l i n c u b a t i o n 
b y t h e ac t ion o f the sun's rays u p o n 
the sand-nest o f t h e eggs o f t h e 
T u r t l e (Chelone Midas) has been 
ascertained to be seven weeks . 

F i g u r e 4 5 0 shows t h e e m b r y o 
o f a S n a p p i n g T u r t l e (Chelydra 

serpentina) f r o m an egg l a i d J u n e 21st and opened Sep tember 21s t 
o f t he same year . T h e amnios is c u t a w a y : c shows t h e ' area vascu-
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losa,' with the omphalo-mesenteric vessels ; b is part of the allantois 
w i t h the a l l an to ic or ' u m b i l i c a l ' vessels, i. T h e ou t l ine o f the cara
pace is j u s t m a r k e d on the back o f the embryo , and the p r o p o r t i o n 
o f t he ve r t eb ra l c o l u m n n o t so m o d i f i e d appears to be greater, as 
is i t s resemblance to the t y p e - f o r m o f Rep t i l e , t h a n i n the adu l t . 

T h e cond i t i on o f t h e carapace and the o u t w a r d f o r m of a F resh -
W a t e r Tor to ise (Emys) is shown i n figure 4 5 1 . T h e amnios , a, is 
t u r n e d back t o show the pos i 
t i o n o f the l i m b s and head i n 
t h e egg : b is t he p a r t o f t h e 
a l lantois ; c t h e r e m n a n t o f t h e 
y o l k . T h e cen t ra l open ing o f 
t h e p l a s t ron , w h i c h is pe rma
n e n t i n t h e m a r i n e Chelonia, 
is seen a t t h i s pe r iod i n a l l t he 
order, b u t is q u i c k l y filled up 
i n t h e l a n d a n d f resh-water 
species. T h e c h i e f specia l i ty 
i n t h e deve lopement o f t h e 
scaled Rept i les , compared w i t h 
each o ther , relates to t h a t o f 
t h e carapace a n d p l a s t ron o f 
t h e Chelonia : and th i s has 
been exp la ined a t p p . 557- 9, 
and i l l u s t r a t ed i n figs. 3 6 9 - 7 2 . 

W h e n the T u r t l e is ha tched, 
the bones o f t h e head show 
d i f f e r e n t degrees o f ossif icat ion. 
T h e p r e m a x i l l a r y and p r e m a n 
d i b u l a r are most advanced f o r t h e purposes o f f e e d i n g ; the m a x i l 
l a r y , t he back p a r t o f the m a n d i b l e , t he p re f ron to -nasa l , f r o n t a l , 
and pa r i e t a l come n e x t i n hardness. T h e superocc ip i ta l shows an 
outer l ayer o f bone, the rest b e i n g g r i s t l e ; t he bas iocc ip i ta l a n d 
basisphenoid b e g i n to be ossified f r o m t h e centre ; t h e al isphenoids 
and exoccipi tals are s t i l l ca r t i l ag inous . 

T h e l i m b s b e g i n t o show the d i g i t a l d iv is ions soon a f t e r t h e 
carapace is o u t l i n e d , and the carti lages o f the metacarpals a n d 
metatarsals are first d i s c e r n i b l e ; t h e phalanges are composed o f 
compac ted p o l y g o n a l cells a t near t h e t e r m o f i n c u b a t i o n , w h i c h 
t h e n become ' car t i lage cel ls , ' w i d e l y d i v i d e d b y blastema. T h e 
l o n g bones .of the l i m b s show a t h i n ou ter c rus t o f bone i n c l o s i n g 
car t i l age , w h i c h is progress ively ossified, s o l i d i f y i n g the shaf t , 
w i t h o u t subsequent excavat ion o f any m e d u l l a r y cav i ty . 
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Emb'ryo of an Emys. 



640 ANATOMY OF VERTEBRATES. 

I n the cold-blooded rept i les , ha tched b y ex te rna l heat, i n d e p e n 
den t l y o f i n c u b a t i o n , t h e course o f developement m a y be i n t e r 
r u p t e d fo r longer periods, w i t h o u t h u r t to the e m b r y o , t h a n i n t h e 
warm-b looded Ovipara . Agassiz states t h a t i n Testudinata t he 
common pe r iod o f h a t c h i n g m a y be e pos tponed f o r mon ths . ' 

I n Snakes and Lizards a sharp t o o t h is developed i n t h e p r e 
m a x i l l a r y o f the embryo , towards the close o f i n c u b a t i o n , where
w i t h they cu t t h r o u g h the t o u g h egg-shel l . 1 T h e opera t ion o f th i s 
t r ans i to ry and purpos ive weapon has been observed b y W e i n l a n d : 2 

i t t o t a l l y disappears i n the a d u l t o f most O p h i d i a . F o r b r e a k i n g 
t h r o u g h the more b r i t t l e shel l i n Chelonia t h e embryo is p r o v i d e d 
w i t h a sort o f h o r n or hard excrescence above the end o f the upper 
j a w : th is af terwards disappears. I n t h e Crocodi l ia t h e snout o f 
the near ly ha tched y o u n g is su f f i c i en t l y^ha rd t o b reak the egg
s h e l l ; b u t there is no d i s t i nc t tube rc le , n o r any precociously 
developed p r e m a x i l l a r y t o o t h . 3 

1 cccxxxvr. 2 cccxxxvi. 3 ccc. p. 288. 

452 

Initial steps of Vertebrate Developement. Germ-yolk of 
Rana temporaria. cccxxxvi. 
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