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A. B. JOLYi, M. CORDEIRO2, M. L. MENDOZA3, 
N. YAMAGUISHI 2 and Y. UGADIM 4 

1. INTRODUCTION. 

Since the appearance of the second paper of this series (Joly 

and Cordeiro 1962) and as a result of a very thorough exploration 

of certain places not previously visited in the area under survey (Joly 

and Cordeiro 1962), we came across a few very interesting algae 

not known in the Brazilian coast or even in the American Atlantic 

(Taylor 1960). 

In one instance, however, the plant is not strictly a new addition 

to the flora. It was first reported by Mobius (Mobius 1890, p. 1078), 

but this reference has escaped notice (Taylor 1960, p. 333) . 

Perhaps the more attractive additions are those of one species 

of Dorhniella known to occur in very restricted points in the Caribbean 

Sea, and the two species of Taenioma. Both species of Taenioma found 

in reproduction, sexual and tetrasporic, are very beautiful and delicate 

plants. 

Another point of interest is the finding of a certain species of 

the genus Arthrocardia whose center of distribution is in South Africa. 

This is the second species of this genus reported from Southern Brazil 

(Joly 1957, p. 115). 

It is also to be noted that other plants known to occur in the 

Caribbean area are for the first time reported in the American South 

Atlantic. This last group comprises species of the following genera: 

(1) Departamento de Botanica, Fac. Fil. C. Letr., Universidade de Sao Paulo. 
Brasil. 

(2) Cryptogamic Section, "Institute de Botanica do Estado". Sao Paulo, Brazil. 
(3) Research Fellow of I.N.T.I., Buenos Aires, Argentina. 
(4) Research Fellow of "Fundaqao de Amparo a Pesquisa", Sao Paulo, Brazii. 



8 JOLY et colab. 

Scinaia, Coelothrix, Herposiphonia and Gracilariopsis. From the last 

mentioned genus was found its type species and is a plant very common 

in the region. Abundant reproductive material, both sexual and tetra- 

sporic, was found. Very interesting also is the finding of Gelidiella 

tenuissima, an European plant obtained by dredging in the region and 

also found growing in the intertidal zone. This species was recently 

found in Puerto Rico (Blomquist and Almodovar, 1961). 

2. SYSTEMATIC ACCOUNT. 

Scinaia complanata (Collins) Cotton 

References: Bdrgesen 1916, p. 85-88, figs. 93-94; Collins & 

Hervey 1917, p. 101; Setchell 1917, p. 100-102, 

pi. II, figs. 19-22; Taylor 1928. p. 141, pi. 21, 

fig. 19; Taylor 1960, p 333-334, pi. 42, fig 3. 

Plate I, figs. 1-5. 

Plants up to 3 cm high, showing a pale rosy-red colour when 

alive, repeatedly closely dichotomous branched (fig. 1 ) fixed by a 

small roundish holdfast. The thallus is hollow and has a diameter 

varying from 1,5 to 3 mm and is complanate. At the surface 

a continuous layer of varying size, polygonal cells are closely set 

forming an epidermal covering of the thallus (fig. 3). Immediately 

below are located small groups of much smaller cells (fig. 4), that 

had its origin in the central strands of filaments. These cells have a 

varying size being with and irregular to somewhat roundish outline 

(fig. 4). A cross section of the thallus shows the epidermal cells 

as a very regular covering. These cells have a somewhat square 

outline in section (fig. 5). Cystocarpic plants (fig. 2) were also 

found. Our plants agree very well with the figures given by Setchell 

(Setchell, 1. c., pi. 11, figs. 19-22) and by Bdrgesen (Bdrgesen, 1. 

c., fig. 94). This plant is a rare one in the region. A few plants 

were collected in very restricted points only three times and it 

was found with cystocarps during the month of January. The refe- 
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rence of Mobius, (Mobius, 1890, p. 1078-1079), is of 5. furcellata 

(Turner) Bivona, but, as suggested by Taylor (Taylor 1960, p. 334), 

probably all American plants are to be referred to S. complanata 

(Collins) Cotton. This reference was not included in Taylor's book 

(Taylor 1960) on the tropical algae of the American Atlantic. 

Gelidiella tenuissima Feldmann et Hamel 

References: Feldmann et Hamel 1936, p. 226-228, figs. 11-12; 

Feldmann et Hamel 1934, p. 534, figs. 1-2 (under 

G. pannosa (Bornet) Feldmann et Hamel). 

Plate II, figures 1-4. 

Plants minute, measuring 1,5-2 mm high, having a prostrate 

cylindrical portion, fixed to the substratum by numerous tufts of 

rhizoids (fig. 1). From this decumbent portion, several erect branches 

arise. These have a diameter varying from 60 to 75/x. Structurally 

the erect portion is composed of cells of approximately the same size 

(fig. 2) being the externally placed disposed in a regular fation. They 

form transverse rows (fig. 3). The stichidia are placed at the upper 

free portion of the erect branches (fig. 1). They are slightly swollen 

and produce the sporangia in two regular rows (fig. 4) . The >oung 

stichidia measure 136/x long and have a diameter of about 58/a. The 

older ones are up to 526/x long and have a diameter of 78/Lt. Only 

tetrasporic plants were found. The measures given above are in good 

accordance with the ones given by Feldmann et Hamel (Feldmann et 

Hamel 1936, p. 228). The only differences being the size of the sti- 

chidia. Our plant has a larger size stichidium as compared with the 

european ones. This is the first report of the species in the American 

South Atlantic. This plant was collected once and came from 10 m 

deep dredging. It was found with tetraspores in the month of February. 

Arthrocardia gardneri Manza 

References: Manza 1937, p. 568; Manza 1940, p. 286-287. 

Text fig. 1, Plate II, figs. 5-8. 
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Plants growing in tul ts measuring up to 5-1 cm high (Photo 1) 

The plants have a distinctive brick-red colour when alive. The thallus 

is formed by a succession of flattened, calcified segments (genicula) 

(fig. 5), joined together b> the non calcified central strand of filaments 

(intcrgenicula) (tig. 6) 1 he segments have a varying form and M/e. 

Most of them are distinctly longer than broad, measuring up to 3-4 

mm long. The way of branching is very characteristic, the lower and 

the upper segments can branch di- or trichotomously in one plane. 
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I he branched segment has a distinct cuneiforme shape, being the 

upper portion at least two times broader than its base (fig. 5). The 

tertile plants bear conceptacula at the upper median larger portion 
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of the segments (fig. 7). The fertile plants are also much more 

branched than the sterile ones. Each conceptaculum bears a terminal 

pore and produces 5 to 6 large tetrasporangia (fig. 7). These are 

distinctly spindle shaped (fig. 8) being regularly transversely zonate. 

The plant was found with the tetrasporangia in the month of August. 

This is the first reference of the occurrence of this species out- 

side South. Africa since its description by Manza in 1937. The plant 

is very characteristic and was compared with a photograph of the 

type taken by Prof. Wm. R. Taylor in 1952, from material borrowed 

from the University of California through the kindness of Prof. G. 

Papenfuss. 

Gracilariopsis sjoestedtii (Kylin) Dawson 

References: Dawson 1949, p. 40-42, pi. 15, fig. 10, pi. 16, 

figs. 5-8, pi. 17, figs. 1-9, pi. 18, fig. 4; Doty 

1947, p. 178; Taylor 1960, p. 445 (as Gracilaria 

sjoestedtii Kylin). 

Plate III, figs. 1-4. 

Plants up to 19 cm high (usually 10-15 cm) with a distinct 

rosy-red colour when alive, growing isolated or in tufts. They are 

usually fixed in rocks or pebbles covered with sand in shallow water. 

The plant is abundantly ramified, specially at the upper portions 

where several short branches arise unilaterally giving a peculiar 

appearance to the plant (fig. 1). All branches are cylindrical or in 

some places a little flattened and all of them are distinctly constricted 

at the base. A cross section made at 2 cm above the holdfast shows 

the central portion to be composed of large roundish cells covered 

with smaller cells towards the periphery (fig. 2) . The cortical portion 

is formed by numerous small roundish cells rich in cromatophores 

(fig. 2) . The cystocarps are a very prominent feature when mature. 

They form conspicuous round swellings at the upper portions of the 

thallus. A median longitudinal section of a mature systocarp shows 

a distinct pore and the mass of gonimoblasts at the center (fig. 3). 

The carpospores are formed in distinct rows at the surface of the 
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gonimoblasts. The pericarp wall is thick and as one can see from 

fig. 3, no nutritive filaments develop from the gonimoblasts to the 

wall of the cystocarp (fig. 3) Tetrasporic plants were also found. 

The tetrasporangia are cruciately divided (fig. 4) and are found in 

the cortical region. The tetrasporangia measure up to 31^ long. This 

is the first reference of the occurrence of the genus and species in 

the South Atlantic. It was found with cystocarps in the months of 

January and July and with tetrasporangia during the month of March. 

The plant is very common in the region under survey. The 

senior author wishes to acknowledge Dr. E. Yale Dawson for the 

identification of this species, when a few years ago he visited us. 

Coelothrix irregularis (Harvey) Borgesen 

References; Borgesen 1920, p. 389, figs. 373-374; Taylor 1928, 

p. 160, pi. 22, fig. 19, pi. 23, fig. 18; Taylor 1960. 

p. 488-489, pi. 45, fig. 3, pi. 46. fig. 4; Harvey 

1853, p. 156 (under Cordylecladia ? irregularis 

Harvey); Collins & Hervey 1917. p. 113 (under 

Cordylecladia rigens (C. Agardh) Collins & Her- 

vey) . 

Plate IV, figs. 1-4. 

Plants small, growing in dense interwoven cushions over tufts 

of articulated corralines (fig. 1) . The plant shows a rosy colour when 

alive. The axes are cylindrical and irregularly branched showing fre- 

quent anastomoses between neighbouring branches (fig. 1). The 

branches are hollow in its greatest portion, but in certain places the 

cavity is completely filled by cells (fig. 2). Numerous small cells 

with a denser content are formed facing the internal cavity (figs. 2-3). 

These are the so-called "glandular cells". These are approximately of 

the same size, measuring usually 12 x 10/x. The cavity is traversed 

by numerous longitudinally placed thin filaments whose cells can have 

a diameter of 5/i, and being 72/i, long (fig. 2). Seen from the surface 

the thallus has large and small cells interspersed (fig. 4). The larger 

cells can have a size up to 24^ in diameter and the smaller ones from 
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9,6 to 4,8/x. The plant was once found in the month of August and 

it was sterile. This is the first reference of the occurrence of this 

genus and species outside the Caribbean area. 

Dorhniella antillarum (Taylor) Feldmann-Mazoyer var. brasiliensis 

Joly and Ugadim n. var. 

References; (for the species) 

Feldmann-Mazoyer 1940, p. 433; Taylor 1960, p. 501-502, 

pi. 65, fig. 1; Taylor and Arndt 1933, p. 659-660, figs. 1-10 

(under Actinothamnion antillarum). 

Plate V, figs. 1-4. 

Plants small, filamentous, 5-7 mm high, very delicate, growing 

in tufts upon colonies of a hydrozoan or epiphytically upon other algae, 

showing a rosy-red colour when alive. They have a prostrate, uni- 

seriate portion, that bears on the dorsal side from each node, either 

short determinate branches or long indeterminate ones, and are fixed 

to the substratum by two-celled rhizoids (fig. 3). These short 

branches, found upon the decumbent axis, have the same structure 

as the ones found on the erect indeterminate axis. The prostrate 

portion hac a diameter varying frc(m 30-61^ and the segments 

measure from 120-150/x long. The rhizoids are produced in a very 

peculiar way, instead of being cut from the segments of the decumbent 

axis, they are formed by the short basal cell of the determinate 

branches (figs. 3,4 ). They have a diameter varying from 12.2 up 

to 18.3/x. The uniseriate indeterminate erect branches are besect 

with spirally placed short laterals, and they also can bear one or 

two branches similar to the main ones. The determinate short bran- 

ches are formed by 5 up to 12 cells and are produced at the distal 

portion of the cells of the main axis. They have at their base from 

two to three small cells (fig. 1). These cells have a diameter of 

9fx. The erect axis has a diameter varying from 21 up to 48.8/x and 

the segments are from 60 to 150|jl long. The diameter of the short 

laterals varies from 9 up to 21/x. The upper cells of the short laterals 
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can bear from one, rarely two, papilliform cells each, at their distal 

portion, usually on the outside of the branch (fig. 1), or they can 

be entirely suppressed in certain branchlcts (fig. 1). These papilli- 

form cells, when developed, have a size varying from 7.2 — 12/x 

long and a diameter ranging from 6-9/x. The tetrasporangia arc a 

very distinctive structure on the delicate thallus. They are produced 

on the segment of the erect axis that already has a normal short 

branch (fig. 2) and are born on a one-celled stalk (fig. 2). The 

mature tetrasporangia arc 42.7/x long and have a diameter of 36.6/i.. 

This plant belongs unquestionably to the genus Dorhniellu and it 

comes very near to D. antillarum (Taylor) Feldmann-Mazoyer rather 

than to D. neapolitana Funk, but it is not, as can be judged by the 

drawings, the same plant as the one described by Taylor (Taylor & 

Arndt 1933. p. 659) . Taylor's species is a very beautiful and delicate 

plant with the regular branching and the well developed papiliform 

cells at the upper portions of each lateral branch. In our material, 

though the papiliform cells are present, they never occur so regula rly 

or in the way pictured by Taylor. And as one thinks of the enormous 

geographical distance between the two records, it is almost natural, 

that our material should be different. The Brazilian plants being 

tetrasporangial — and Taylor's species was never found in repro- 

duction — were only found once; ^ nothing can be said about simi- 

larities of reproduction. 

The tetrasporangia are for the first time described in this species. 

They occupy the same position as the tetrasporangia of D. neapolitana 

Funk figured by Feldmann-Mazoyer (Feldmann-Mazoyer 1940, fig. 

170 a, b ) . 

D. antillarum (Taylor) Feldmann-Mazoyer var. brasiliensis Joly and 

Ugadim n. var. 

A typo difert statura minore nec non cellulis papiliformibus 

parce evolutis et irregulariter distributis atque tetrasporangiis mag- 

nioribus lateraliter dispositis. 
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Taenioma perpusillum J. Agardh 

References: Papenfuss, 1944, pis. 23-24; Tseng 1944, p. 223, 

pi. 25, figs. 1-6; Dawson 1944, p. 324; Taylor 

1960, p. 549; Dawson 1962, p. 82-83, pi 37, fig. L 

Plate VI, figs. 1-4. 

Plants minute, measuring up to 3.6 mm high, very delicate, 

composed of a decumbent portion fixed to the substratum by rhizoids 

and with erect branches (fig. 1). These are of two types, indeter- 

minate with indefinite growth that can send out similar branches and 

bear also flat determinate branches with limited growth (fig. 1), These 

end characteristically by 3 long hairs (fig. 2). Sometimes certain 

branches can end by two hairs as can be seen in the drawing presented 

in fig. 1. The decumbent axis has 4 pericentrals and have a diameter 

varying from 186 up to 510/x,. The rhizoids are very robust and have 

a diameter varying from 30/x, up to 120/a. They are formed by a 

single cell and are produced directly by a pericentral cell. The erect 

indeterminate, cylindrical branches which have commonly 4 peri- 

centrals, have a diameter varying from 90^ to 165/x. The flat deter- 

minate branches on the other hand have a width varying from 75/x 

up to 105/a and they are up to 900^ long. Cystocarpic plants were 

collected. A mature cystocarp is a large structure for so delicate a 

plant; it has the form of a pear and is sessile upon the cylindrical 

erect branch (fig. 3) . They show a variation in size ranging from 

450 to 750^ long and with a width varying from 225/x to 375/x at 

its broadest basal portion. The numerous carpospores measure usual- 

ly 30 x 30/x. Male plants with mature antheridial stands were also 

found (fig. 2). These are produced by the entire transformation of 

the flat determinate branch. The only cells to remain vegetative in 

this structure are the ones found on the terminal hairs, the central 

cells and the cells at the periphery on both sides. The antheridial 

stands measure from 900-1200/x long and have a diameter of about 

300-360^. The spermatia have a diameter of 2A^ up to 4.8/x. Plants 

bearing tetraspores were also found (fig. 4). The tetrasporangia are 

produced in an acropetal succession on the flat determinate branches, 

which are then transformed into stichidia (fig. 4). The tetraspo- 

rangia are tetrahedrically divided and placed in two vertical rows . 
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The stichidium measures from 345-750/x long and has a diameter 

varying from 75-120/x. A mature tetrasporangium measures from 

37.5 up to 90/x. As one can see from the measures given above, the 

Brazilian plants are in the whole more robust than the Caribbean, 

Pacific or African ones. This is the fir^t reference of the occurrence 

of this peculiar genus and species in the American South Atlantic. 

The plant was found with cystocarps, spermatangia and tetraspores 

in the months of January and March. 

Taenioma macrourum Thuret 

References; Falkenberg 1901, T. 15, figs. 21-29; Tseng 1944, 

p. 224, fig. 1; Taylor 1960, p. 548; Collins & Hervey 

1917, p. 117 (as 7. perpusillum J. Agardh); Bor- 

gesen 1919, p. 338-341, fig. 337 (as T. perpu- 

sillum J. Agardh). 

Plate VII, figs. 1-5. 

Plants minute, very delicate, growing on rocks in dense tufts, 

having a size of about 3mm high. This plant has a decumbent axis 

from which erect indeterminate branches arise (fig. 1). These in 

turn can branch similarly and also produce flat determinate branches 

(fig. 2). The rhizomatic portion has 4 pericentrals with a diameter 

varying from 90^ to 180/x; it is fixed to the substratum by numerous 

strong rhizoids which have a diameter varying from 45/i to 75^. The 

cylindrical indeterminate branches have usually 4 pericentrals and a 

diameter varying from 75/x to 150/x. The flat determinate branches 

are much longer than broad. They measure from 375/x up to 805^ 

long and with a uniform diameter of 75/x. As in T. perpusillum the 

mature flat determinate branch ends with long hairs. In this species, 

however, there are only two apical cells that later give rise to two 

long hairs at the distal portion of the flat branch. Cystocarpic plants 

were collected (fig. 3). A mature cystocarp is found sessile over 

the erect cylindrical branches. It has a flask shape and forms nu- 

merous carpospores. Near the apical pore the neck of the pericarp 

is slightly swollen (fig. 3). The cystocarp is a large structure in 



ADDITIONS III 17 

this delicate plant; it measures up to 600/x long and at its broader 

base has a diameter of about 300/a. The carpospores measure from 

30 to 45/x. Male plants with antheridial stands were also found 

(fig. 4). As in the preceding species, almost the entire flat branch 

is envolved in the production of spermatia (fig. 4). The antheridial 

stands measure from 450-525/x long and have a maximum diameter 

of 210/u,. The spermatia commonly measure 2.4/a but can reach up 

to 3.6/x. Tetrasporic plants were also found. The tetrasporangia are 

produced in stichidia (fig. 5). These are formed by the transfor- 

mation of a determinate flat branch and measures from 525fx up to 

750/4 long and with a diameter varying from 105/4 to 150/4. The 

tetrasporangia are tetrahedrically divided and placed in two vertical 

rows. They measure from 30/4 to 48/4. They are, as in T. perpusillum 

produced in an acropetal succession. 

This plant was collected in a place very near where Taenioma 

perpusillum was found. This is the first reference of the occurrence 

of this species in the American South Atlantic. The plant was found 

with cystocarps and tetraspores in the month of January and March, 

In March we also found antheridial plants. 

Herposiphonia secunda (C. Agardh) Ambronn 

References: Falkenberg 1901, p. 307-11, T. 3, figs. 10-12; 

Collins & Hervey 1917, p. 126; Harvey 1853, p. 

35-36 (under Polysiphonia secunda); Borgesen 

1918, figs. 288, 289; Borgesen 1920, p. 469-472, 

fig. 428; Taylor 1928, p. 176, pi. 25, figs. 8-10; 

Taylor 1960, p. 604, pi. 72, figs. 10-11. 

Plate VIII, figs. 1-5. 

Plants small, delicate, showing a deep red wine colour when 

alive, growing in dense tufts upon the shells of Mytilus. The plants 

have a prostrate axis fixed to the substratum by numerous one-celled 

rhizoids (fig. 1). These are produced at the distal end of certain 

pericentrals and terminate in a roundish attachment disc (fig. 2). 

From the dorsal side, every second or third segment produces an 



18 JOLV ct colab. 

erect branch of limited growth (figs. 1, 3). These are cylindrical 

and devoid of trichoblasts in our material. They have a vaning 

number of pericentrals, from 7 to 10 being 8 the commonest (fig. 

4). Near the growing point the prostrate portion has a diameter of 

42/a being the segments 23/a long and the diameter of older portions, 

up to 95/x, being each segment in this region about 72^ long. The 

erect short branches have a diameter varying from 28/x to 87/x from 

young and older portions respectively. The segments are from 49^ 

to 133/i, long in the young and older portions, respectively. From 

certain segments, in between the erect ones, indeterminate branches 

are formed. The e are not produced in a regular fashion, as is for 

instance in H. tenelUi. The cystocarps are produced in the erect 

branches (fig. 5). They are a roundish structure with a pore at 

the distal end and contains numerous carpospores. Cystocarpic plants 

were found in the month of August. 

3. DISCUSSION 

The above mentioned species ,the majority belonging to the 

flora found in the Caribbean region, for the first time reported as 

occurring in Southern Brazil is of signifieance. The present paper 

brings the number of "characteristic" algae of the Caribbean region 

increasingly restricted. It is to be noted that the region under ex- 

ploration is located at 23° 30' Lat. S. near the southern limit of the 

typical tropical algae. On the other hand, certain elements of this 

flora are of another origin, as can be judged by the findings of 

Arthrocardia gardneri and G el i died a tenuissima. The first mentioned 

species is a typical component of the South African algal flora. It 

is worth remembering that another species of this genus, A. stephen- 

sonii is a common inhabitant of the Southern Brazilian shores, besides 

Levringia brasiliensis, the only known species of this African genus, 

to be found outside Africa (Joly 1952). 
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5. SUMMARY 

The present paper gave notice of the occurrence of certain 

genera and species of marine algae for the first time found in the 

American South Atlantic area. Detailed description of the Brazilian 

material enables comparison with the plants known in other regions. 

A plant believed to be a variety new to science is described herein. 

6. RESUMO 

O presente trabalho relata o encontro pela primeira vez na cos- 

ta atlantica sulamericana de alguns generos e varias especies de al- 

gas marinhas conhecidas anteriormente da regiao caraibica, da Afri- 

ca e da Europa somente. E' apresentada uma detalhada descrigao 

em cada caso, comparando-se nossas plantas com as anteriormente 

conhecidas, ressaltando-se as diferengas peculiares ao nosso mate- 

rial. Cada especie e ilustrada por varios desenhos. Apresenta-se a 

descrigao de uma variedade nova para a Ciencia. 
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PLATE 1 

Scinaia complanata 

Fig. 1 — Habitus. 

Fig. 2 — Detail of the upper dichotomies of a cystocarpic plant. 

Fig. 3 — Superficial cells seen from above. 

Fig. 4 — Surface cells and adjacent filaments seen from inside the 

thallus cavity. 

Fig. 5 — Cross section of the thallus. showing the continuous 

cortical layer and the external portion of the filaments. 

All drawings from formalin preserved material. 
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PLATE II 

Gelidiella tenuissima 

Fig. 1 — Habitus of a portion dissected from a tuft. Note a young 

stichidium on the left side. 

Fig. 2 — Cross section of an adult thaJIus. 

Fig. 3 — Surface view of a portion of an erect thallus. Note the 

regularly placed ceils. 

Fig. 4 — A mature stichidium. 

A rthrocardia gardneri 

Fig. 5 — Upper portion of a vigorously growing plant . 

Fig. 6 — Cells of the node. 

Fig. 7 — Detail showing tetrasporic conceptacles. 

Fig. 8 — A mature tetrasporangia. 

All drawings from formalin preserved material. Figs. 6, 7, 8 obtain- 

ed from decalcified material, 
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PLATE 111 

Gracilariopsis sjoestedtii 

Fig. 1 — Habitus of a sterile specimen. 

Fig. 2 — Part of a cross section of the thallus. 

Fig. 3 — Longitudinal median section of a cystocarp. Note the 

absence of nutritive filaments between pericarp wall and 

the mass of carpospores. 

Fig. 4 — Part of a cross section of a tetrasporic plant. 

All drawings from formalin preserved material, except Fig 2 made 

from living material. 
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PLATE IV 

Coelothrix irregular is 

Fig. 1 — Habitus of a portion dissected from a tuft. Note several 

anastomosing branches. 

Fig. 2 — Part of a longitudinal section of the thallus showing many 

"gland" cells projecting inside the interior cavity. 

Fig. 3 — Part of a cross section of the thallus. 

Fig. 4 — Surface view of the cortical cells. Note large and smaller 

cells interspersed. 

All drawings from formalin preserved material. 
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PLATE V 

Dorhniella untillarum var. hrasiliensis n. var. 

Fig. 1 — Upper portion of an erect axis. 

Fig. 2 — Detail showing tetrahedrically divided tetrasporangia 

born on a special short branch at the same segment that 

already has a sterile branch. 

Fig. 3 — Detail of the proximal cells of the erect axis, showing the 

basal cells of the short laterals giving rise to rhizoids. 

Fig. 4 — A rhizoidal branch from the prostrate axis. 

All drawings from formalin preserved material. 
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PLATE VI 

Taenioma perpusilluni 

Fig. I — Habitus of part of a plant. 

Fig. 2 — Detail of an antheridial branch. 

Fig. 3 — Detail of a mature cystocarp. 

Fig. 4 — Detail of a mature stichidium. 

All drawings from formalin preserved material. 
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PLATE VII 

Taenioma mucrourum 

Fig. 1 — Habitus of a portion of a plant . 

Fig. 2 — Detail of a growing apex. 

Fig. 3 — A mature cystocarp. 

Fig 4 — Detail of an antheridial branch. 

Fig. 5 — Detail of a mature stichidium. 

All drawings from formalin preserved material.. 
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PLATE VIII 

Herposiphonia tenella 

Fig. 1 — Habitus of a portion of a plant. 

Fig. 2 — Detail of a rhizoid from the decumbent axis. 

Fig. 3 — Growing apex of the decumbent portion. 

Fig. 4 — Cross section of the decumbent axis. 

Fig. 5 — Detail of a mature cystocarp. 

All drawings from formalin preserved material. 
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NOTE ON THE OCCUERENCE OF ONE SPECIES OF 
CERAMIELLA (RHODOPHYTA) IN THE AMERICAN 

SOUTH ATLANTIC 
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NOTE ON THE OCCURRENCE OF ONE SPECIES OF 

CERAM1ELLA (RHODOPHYTA) IN THE AMERICAN 

SOUTH ATLANTIC 

A. B. JOLY 1 and Y. UGADIM 2 

1. INTRODUCTION 

When examining a collection of marine algae recently obtained, 

our attention was called by a very delicate plant growing mixed in 

tufts formed by Taenioma perpusillum J, Agardh, Gelidiella tenuissi- 

ma Feldmann et Hamel and Jania adhaerens Lamouroux. At first 

it was supposed to be a species of Centroceras, but a closer exami- 

nation led to the conclusion that it was a representative of Ceramiella, 

the last genus created by the great Danish phycologist F. Borgesen. 

We were very surprised to learn that all the species Borgesen 

ascribed to his new genus were inhabitants of the Indo-Pacific region 

(Borgesen 1953) and we were also reluctant to give this same ge- 

neric treatment to a Southern Brazilian plant. At last it was decided 

to describe it as another species which we believe is new to Science. 

2. DESCRIPTION 

Ceramiella atlantica sp. n. 

Plates I, II 

Plantae minutae usque ad 0,5 cm altitudine, dense caespitosae, 

ex axe repente ad substratum rhizoidibus ramisque erectis adfixo 

constitutae, cellula apicali magna crescentes. Axes modo repentes 

modo erecti e serie unica cellularum centralium magnarum supers- 

tructi; hae cellulae pseudo-cortice e cellulis parvis in series longitu- 

(1) Dept. of Botany, Univ. of S. Paulo, Brazil. 
(2) Research Fellow of the "Fundagao de Amparo a Pesquisa do Estado de Sao 

Paulo", Sao Paulo, Brazil. 
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uinalcs ac transversales dispositis obtcctae. Corticatio perfecta prae- 

tcr angustam fasciam supra nodum. Cellulae pericentrales semper 

6 ad ramis sterilibus et ad 8 usque in ramis fertilibus. Rhizoides 

elongati, uni vel pluricellulares, in discum multiccllularem terminan- 

tes, e cellulis pericentralibus orti, 528/7. longi, 20-33/7, diametro. Axes 

repentes 132-165/7, diametro. Rami endogeni. Rami erecti 112-118// 

diametro, sursum versus vertieillis pilorum hyalinorum instrueti. elon- 

gatis, e cellulis corticalibus nodorum oriundis. Tetrasporangia ad 

apicem ramorum speeialium na-eentia, stiehidiis vertieillatis. Rami 

fertiles evidenter inflati, 175-200/7. diametro. 750-1000/7. longi. Te- 

trasporangia immersa, e cellulis pericentralibus orti ad nodos, ma- 

turitate 33-39.6/7. diametro. Exemplaria sexus exhibentia desunt. 

Locus typi — Praia do Sul. Ilha Anehieta. Municipio de Uba- 

tuba. Estado de Sao Paulo — Brasil. Super 

saxa viget juxta mari. in caespitibus cum Tae- 

nionui, Gelidiella et Jcuiia eonsoeiatus. 

Typus speciei — Herbario Fac. Tilosotia. (deneias e Letras, 

I'niv. S Paulo (ESP) Isotspus in T ni\. Michi- 

gan, Univ. California, Univ. Paris. 

Plants up to 0,5 em high, with a decumbent axis fixed to the 

substratum by means of unicellular or few celled rhizoids, from which 

erect branches arise (fig. 1 ) These are seldomly ramified (fig. 1 ) 

The decumbent portions as well as the erect ones are formed bv the 

succession of very large central cells which in turn are covered bv 

dense, regularly disposed cortical cells (figs 2. 3, 4) The growing 

apex (fig. 5) shows a very large apical cell which cuts off transversely 

successive segments from which the cortex is later formed (fig. 5). 

The rhizoids are only formed at the nodes (figs. 6, 9) and they arc 

produced exclusively by the pericentral cells. Each pericentral, on the 

lower side of the prostrate axis, forms one rhizoid (figs. 6, 9) . They 

have a diameter ranging from 20 up to 33/7, and are up to 528/7 long. 

Some rhizoids remain unicellular and others may have two or more 

cells (fig. 8). They usually end by a somewhat lobed disc where a 

few small cells are seen (fig. 8) . The prostrate axis has a diameter 
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varying from 132 up to 165/a. The large central cells in this portion 

measure up to 183/x long. The cortical layer is composed of cells 

more or less regularly placed in longitudinal as well as transverse 

rows (figs. 2, 3) . The cortex at the nodes is composed of somewhat 

smaller cells (9.1 x 9.1^) as compared with the cells over the inter- 

nodal region (27.4 x 9.1/x) (fig. 3) Also is to be seen at the distal 

portion of every internode a clear line separating evenly the cortication 

of the internodal region from the preceding node (figs. 2, 3). The 

entire segment (the region between two successive clear bands) in this 

proArat axis measures up to 198/x long. At very irregular spacing erect 

branches arise (figs. 1, 2, 8). These are produced directly by the 

distal end of the central cell at the branching node. This way of 

producing a branch is usually refered to as "endogenous" (figs. 2, 3, 

6). At each node the central cell is covered primarily by pericentral 

cells (fig. 7) . In this species the number of pericentrals in the vege- 

tative parts is very constant. At every count we made it was found 

always 6 (fig. 7) . They have a diameter ranging from 26 up to 39/x. 

Certain plants showed a development of very long hialine hairs (fig. 

10) at the upper parts of the erect branches. These hairs are always 

formed by the surface cells at the nodes; they are up to 450/i. long 

and have a diameter of 9.6^ at the base. At the older internodes the 

cortex becomes gradually two layered (fig- 14). 

The erect branches measure up to 5 mm high and have a diameter 

almo2t uniform, varying from 112 up to 118/i.. The large central cells 

have a size up to 91.5m long. The cortical cells at the nodes measure 

12.2 x 9.1^ and at the internodes they measure 21.5 x 9.1^. The 

entire segment in this region measures from 112 up to 231/x long. 

The tetrasporangia are produced at the apex of certain erect 

branches. These at the fertile region have from 6 to 8 pericentrals 

and show a marked modification (figs. 1, 11). They are distinctly 

stichidia-like. The "stichidium" measures from 750/x up to 1 mm long 

and has a width varying from 175 to 200/x, that is to say more than 

twice the diameter of the vegetative portion of the erect branch. They 

also can bear at the nodes very long hialine hairs (fig. 12). The te- 

trasporangia are tetrahedrically divided, and placed in verticils (figs. 

11, 12, 13) of as much as eight per segment, though they only mature 
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5 at a time. The mature tetrasporangia have a diameter varying from 

33 to 39.6/i,. They are produced by the pericentral cells (figs. 12, 13) 

in a very characteristic way. They are cut laterally (respect the central 

cell) in between two adjoining pericentrals (figs. 12, 13) . 

The plant was found twice at "Praia do Sul, Ilha Anchicta", 

Municipality of Ubatuba, S. Paulo State, Brazil. It was growing on 

rocks intermingled with Taenioma perpusillum, Jania adhaerens and 

Gelidiella tenuissima, forming low cushions. It was found with te- 

trasporangia in the months of January and March. 

5. DISCUSSION 

This little plant is quite different from the known species of Cen- 

troceras or Ceramium specie.-, ascribed to this genus by Bdrgesen (Bdr- 

gesen 1953, pp. 50-57). From Ceramiella huysmansii (Weber-van 

Bosse) Bdrgesen it differs mainly in its much smaller size, by its non 

spindle-shaped form of the fertile segments and by its much smaller 

size tetrasporangia, besides the stichidiam-like structure of the fertile 

erect branches. Also it must be noted that in the present species there 

are to be found 6 pericentrals, that apparently were not shown by 

Bdrgesen in his drawing (Bdrgesen, 1. c. fig. 19d) of C. huysmansii 

and the absence in this last mentioned species of the transverse bands, 

clear of cortication found in our material (figs. 3, 4). 

From CcraAumm/joar/Weber-van Bosse (Weber-van Bosse 1923. 

p. 323, fig 116) which, in accordance with Bdrge,en's statement 

ought to be transferred to the genus Ceramiella, our species shows a 

remarkable resemblance but nevertheless has also some significant 

differences. For instance the central cells in our material are as much 

as thrice longer than broad as compared with: "Les cellules centrales 

de ces filements sont isodiametrique ou un pcu plus hautes que lar- 

ges." (Weber-van Bosse 1. c., p. 323). Another difference can be 

sought in the way the adventicious branches are formed in our ma- 

terial, by direct budding of the distal portion of a central cell as 

compared with: . . ."la ramification s'effectue par le developpement 

des cellules subcorticales d'un anneau cortical." (Weber-van Bosse, 

1. c., p. 324). Also in our material the tetrasporangia are found only 

upon primary erect branches and not ". . . indifferement au sommet 
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soit d'un rameau ordinaire, soit de courtes ramules laterales." (We- 

ber-van Bosse, 1. c., p. 324). The number of sporangia in each 

verticil in our material is less (usually 5 at a time) than the 8 to 

10 found in C. howei. 

The other species of Ceramium described by Mme. Weber-van 

Bosse and mentioned by Borgesen (Borgesen, 1. c., p. 51): C. cin- 

gulatum Weber-van Bosse and C maryae Weber-van Bosse, as belong- 

ing to the genus Ceramiella, are quite different from our species 

(Compare the descriptions and figures of the two abose mentioned 

species in Weber-van Bosse, 1. c., p. 332, figs. 123, 124 and p. 324, 

figs. 117-118, respectively). 

There is another species of this group, also referred by Borge- 

sen (1. c., p. 50) as belonging in the genus Ceramiella, Centroceras 

bellum Setchell and Gardner, which is different in several respects 

from our plant, as can ben judged by the descriptions and figures 

(Setchell and Gardner, 1924, pp. 779-780, pi. 26, fig. 48, pi. 40c, 

pi. 78; Dawson 1962, p. 69, pi. 27, fig. 4, which is fig. 48 of Set- 

chell and Gardner, 1924). 

One character however, approaches our plant to the species 

described by Setchell and Gardner, viz. the interrupted cortication 

near the two nodes, producing a clear band across the frond. This 

peculiarity however showed by one of Setchell and Gardner's figures 

(Setchell and Gardner 1924, pi- 26, fig. 48) was not mentioned in 

the description of the plant, contrariwise it is stated: "Fronds... 

completely corticated. . ." and later on: "The complete cortication..." 

(Setchell and Gardner, 1. c., p. 779). 

We believe that the structure of the stichidium showed by this 

species is of significance in order to maintain Borgesen's concept of 

the genus Ceramiella. If one considers the sum of the various vege- 

tative differences (already pointed out by Borgesen), between Ce- 

ramium-Centroceras on one side and Ceramiella (as understood by 

Borgesen) on the other, plus the organisation of the stichidium-like 

fertile branches of the present species it seems quite natural to 

maintain Borgesen's genus Ceramiella. It is also to be remembered 

that it is difficult to ascribe the present species with 6 to 8 pericentral 

cells to the genus Centroceras, if one considers that: "Ce genre 

(Centroceras) est extremement proche du genre Ceramium dont il 



46 JOLV et UGADIM 

ne differe que par la disposition regulicre des cellules corticales de 

sa fronde e par le plu.f grand nombre de ses cellules pericentrales." 

(Feidmann-Mazover, 1940, p. 337) (The underlining is ours). On 

the other hand the regularly formed corticaiion is a distinctive cha- 

racter of the genus Centroceras, preventing the inclusion of the present 

species among the representatives of the genus Ceramium. 

A major difference between our plant and the two above mention- 

ed genera F found however in the way the tetrasporangia are produc- 

ed. As is already known; 'Les tetrasporanges des Ceramium peuvent 

etre soit immerges, soit externes, scion qu'ils sont plus ou moins re- 

converts par les cellules corticales, au depens desquelles Us naissent". 

(Feldmann-Mazoyer, 1. c., p. 221). In the present species the spo- 

rangia are clearly cut off from the pcricentral cells as is shovvn b\ our 

drawings. 

If this also proves to be the case with the type species of the 

genus Ceramiella, there will be a need to amend the description of 

the family Ceramiaceae to conform with this new member, besides 

the known occurrence of stichidia in Herpochondria Falkenbcrg. 

A very interesting point is that all the species mentioned by Bbr- 

gesen as belonging to the genus Ceramiella (including his type species) 

and also the present material are only known by its tetrasporic plants, 

being the sexual counterparts as yet unknown. 

We want also to call attention to the plant described by Mme. 

Weber-van Bosse as Corallophila kleinegii Weber-van Bosse (1923, 

pp. 339-340, figs. 129-130) which shows certain similarities to our 

material. For instance the localization of the tetrasporangia in clearly 

defined stichidia. It is also to be noted certain superficial resemblance 

to our plant regarding the cortex in the adult parts. Apparently in 

Corallophila the clear band across the axis is found exactly at the 

nodes because: "Les files corticales desccndent et se divisent en cel- 

lules superposees, quadrangulaires vue de surface, je n'ai vu nulle 

part des files ascendantes". (Weber-van Bosse, 1. c., p. 340) (the 

underlining is ours) . Also the number of cells in each segment at 

the cortex is much smaller (4-8) in Corallophila than in our plant. 

No mention is made by Mme. Weber-van Bosse of pericentrals, 

though when she describes the way tetrasporangia are produced, she 

says: ". . .les stichidies, composees d'un axe central, d'une ecorce et 
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de grandes cellules entre I'ecorce et I'axe ecntral qui donnent naissan- 

ce aux tetrasporanges (the underlining is ours), et dont la partie in- 

ferieure persiste comme suport aux organes de la frutification". (We- 

ber-van Bosse, 1. c, p. 340). Unfortunately she did not have enough 

material to clear up this point as she obligingly says. Very different 

also from our plant are the rhizoids of Corallophila (Weber-van Bos- 

se, 1. c., fig. 129). 
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5. SUMMARY 

The present paper describes Ceramiella atlantica as a species 

new to species. A detailed comparison with other species believed to 

belong in this genus is made. It is emphasized the validity of the 

genus Ceramiella Borgesen in the light of the new facts discovered in 

the present material. 

6. SUMARIO 

Neste trabalho e feita referenda pela primeira vez, da ocor- 

rencia de um novo representante do genero Ceramiella na costa 

atlantica sulamericana. E' esta tambem a primeira vez que se en- 

contra uma especie deste genero fora da regiao Indo-Pacifica. E' 

feita uma detalhada descrigao da especie nova, que e tambem exaus- 

tivamente posta em comparagao com as outras especies conheci- 

das do genero. 

A vista dos novos fatos aqui relatados, discute-se a validade des- 

te genero, criado por Borgesen: Concluem os autores pela interpre- 

ta^ao dada pelo grande ficologo dinamarques. Numerosas figuras 

apresentadas em duas pranchas ilustram o texto. 
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PLATE I 

Ceramiella atlantica sp. n. 

Fig. 1 — Part of a plant, note decumbent axis and erect branches, 

three of which ending in stichidia-Iike structures. 

Fig. 2 — Part of the decumbent axis with an erect shoot showing 

cortication and the central cells. Note how the erect 

branch connects with the axis. 

Fig. 3 — Decumbent axis, rhizoids starting from the nodes and a 

young, erect adventiv shoot. Note the connection between 

the central cells. 

Fig. 4 — Detail of cortication on an erect branch. Note large 

central cells, 4 pericentrals (shaded cells) and the dis- 

continuity of the cortex at the proximal end of the cen- 

tral cell placed above. 

Fig. 5 — Growing apex of a young erect shoot. Note large apical 

cell and the flat, disc-form segments below the apical 

cell. 

Fig. 6 — A very precise cross section ol the decumbent axis com- 

bined with a longitudinal section of the base of an erect 

shoot. The section was made precisely at the level where 

an erect shoot starts from the decumbent axis; from 3 

pericentrals on the ventral side, 3 rhizoids (also shaded) 

arc issuing. Note the cell connecting the branch with the 

rhizomatic portion. 

Fig. 7 — Cross section of an erect shoot at the level of a node. 

Note 6 pericentrals and the cortex. 
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PLATE 11 

Ceramiella atlanticu sp n. 

Fig. 8 — Old decumbent axis, base of erect branches an rhizoids 

issuing from the nodes. 

Fig. 9 — Median longitudinal section of a young decumbent axis. 

Note pcricentrals and the rhizoid starting from the peri- 

central on the ventral side. 

Fig. 10 — Upper portion of an erect branch showing long hialine 

hairs at the nodes. 

Fig. 11 — Apex of a fertile branch showing the stichidium-like 

structure. Note the verticillated tetrahedrically divided 

tetrasporangia (shaded cells) . 

Fig. 12 — Transverse section of the "stichidium" at the level of a 

node. Note pcricentrals (shaded cells), tetrasporangia 

and at the surface the long hialine hairs. The tetras- 

porangia were clearly produced by the pericentral cells. 

Fig. 13 — Transverse section of the stichidium at the level of a 

node. Note pcricentrals (shaded cells), a mature tetra- 

sporangium and a very young one (stappled cell). Note 

the 5 empty loci. 

Fig. 14 — Transverse section of an old erect branch at the level of 

one internode. Note the beginning of the two layered 

cortex. 

All drawings were made from formalin preserved material of 

the type collections. Whenever sections are depicted they were made 

with the aid of a freezing microtome. 
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ANTITHAMNION TRISTICUM AND OPH1DOCLADUS 

HERPOSIPHONIOIDES, TWO NEW RHODOPHYCEAE 

FROM SOUTHERN BRAZIL 

A. B. JOLY M. CORDEIRO2, and N. T. YAMAGUISHI 2 

1. INTRODUCTION 

During the preparation of the Northeastern marine flora of the 

State of Sao Paulo, Brazil, the senior author came across two interest- 

ing plants that are believed to be new to Science and are described 

herein. One of them belongs to a genus not previously reported in 

the American Atlantic (cf. Taylor 1960). The first one is a delicate 

Antithamnion and the other belongs to a genus of Rhodomelaceae 

were only two other species are known, namely Ophidocladus simpli- 

ciuscula (Crouan) Falkenberg (cf. Schmitz & Falkenberg 1897, p. 

461 and Falkenberg 1901, p. 488) and Ophidocladus californica 

(Hollenberg) Kyhn (cf. Hollenberg 1940, p. 573, under Rhoaosi- 

phonia californica Hollenberg, and Kylin 1956, p. 541). 

2. DESCRIPTION 

Antithamnion tristicum Joly et Yamaguishi, sp. n. 

Plate I, Figs. 1-3. 

Plantae minutissimae usque ad 5 mm altae, in vivo saturate ro- 

seae, rhizomate rhizoidibus elongatis substrate affixo; nodis ramis 

3 brevibus ex extremitatibus distalibus cellularum ortis atque ramis 

erectis longioribus, his absque ramulis vel 1-2 ramulis praeditis 

ejusdem structurae. Rami laterales breves 2 (raro 3)-furcati, prima 

bifurcatione prope secundam cellulam, 

(1) Department of Botany, University of Sao Paulo. 
(2) Cryptogamic Section, "Institute de Botanica do Estado de Sao Paulo". 
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Rhizoidcs, elongati, uni-pluricellulares, circa 9,6^ diam., cons- 

tanter e cellula basali rami lateralis brevis axis decumbcntis nascen- 

tes, qui 37-43/x diam et cellulis 99-130/x longis gaudet. Rami bre- 

ves indeterminati cellula glandulari instruct! vel dcfecti; ilia supra 

cellulam basilarem secundae dichotomiae posita. Rami crecti inde- 

terminati aut indivisi aut 1-2 ramulis exhibentes, 18,6-25/x diam. 

prope basin et circa I 8;j. in medio, cellulis 80,6-1 18;;. diam basali ac 

62-68^ longitudine praediti. 

Rami determinati verlicillati, 3 pro segmento, e parte distali 

cellularum axis pricipalis oriundi, 1-2-furcati, rarissime indivisi, 

124-155^ long, cellulis aequalibus 7,2/x diam., 14.4-16,8^ longis. 

Bifurcatio prima semper supra secundam cellulam posita; secunda 

bifurcatio supra primam cellulam ramorum paris. Cellula glandularis 

ad ramos unica prope tertiam cellulam, lateraliter affixa cellula rami 

fere tcgcns, 14,4 X 7,2/x. 

Tetrasporangia solitaria, lateralia, sessilia, cellula basali rami bre- 

vis lateralis inscrta axim versus, tctraedrice divisa, magna, 60-62/x lon- 

ga, 28,8-32/x diam. 

Typus — In Herbario Phycologico "Departamento de Botanica 

da Universidade de Sao Paulo" asservatus, lectus 23-3-63. Locis typi: 

"Praia do Sul", ilha Anchieta no municipio de Ubatuba, estado de 

Sao Paulo, Brasil. 

Plants minute, measuring up to 5 mm tall, with a rosy-red colour 

when alive. The plant has a rhizomatcus axis fixed to the substra- 

tum by long rhizoids (Fig. 2). This rhizome bears at each node 

three short laterals borne at the distal end of the cells and now and 

then an erect long shoot that can have one or two lateral branches 

or none. Short branches arc twicely furcated (exceptionally thricely) 

being the first furcation at the level of the second cell. Rhizoids long, 

having a diameter of about 9.6/x, uni- or multicellular, without bran- 

ches and always produced by the basal cell of the determinate branch 

of the rhizomatous axis. This has a diameter varying from 37 to 43/x 

and with cells measuring from 99 to 130/x long. The determinate 

branches can have one glandular cell or none. When present, this 

cell is located over one cell near the base of the second dicotomy. 

Erect branches without or with one or two similar branches measur- 
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ing at the base 18-6 to 25/i, of diameter and at the median portions 

somewhere near 18/x. Cells of the main erect branches measuring at 

the base from 80.6^ up to 118^ long and at the median portions 

from 62 to 68^ long. Determinate branches verticillately disposed, 

three per segment, at the distal end of each cell (Fig. 1). These are 

one or twice furcately divided, exceptionally they do not branch. 

They are from 124 up to 155/x long with cells of uniform size with 

a diameter of 7.2/x and are from 14.4 to 16.8/x long. The first 

furcation is located always above the second cell and a second fur- 

cation, present only in one branch of the pair, is located always above 

the first cell of this branch. Usually each determinate branch bears 

one gland cell located at the level of its third cell laterally, which 

almost completely covers the cell. Gland cells meashre 14.4 x 1.2^. 

Tetrasporangia are borne at the apical portion of the erect branches, 

isolated, laterally placed. They are sessile over the basal cell of the 

short lateral and located on the axial side (Fig. 3). The fertile la- 

teral branch bears the first dichotomy at the level of the second cell 

and not above it as in the sterile ones. Tetrasporangia are tetra- 

hedrically divided, very large for such a delicate plant, measuring 

from 60 to 62^ long and with a diameter varying from 28.8 to 32^. 

The plant is a rare one in the region. It was found growing 

upon a tuft of Jania adhaerens. It was found with tetraspores in the 

month of March. 

Type: Deposited in the phycological herbarium of Department 

of Botany, University of S. Paulo, collected March 23, 1963. 

Type locality: "Praia do Sul", Anchieta Island, municipality of 

Ubatuba, State of Sao Paulo, Brazil. 

Isotypes were distributed to Universities of California, Michigan 

and Paris. 

This species is very different from the other species of Anti- 

thamnion known in the Atlantic area (cf. Taylor 1960 and Feld- 

mann-Mazoyer 1940). There is a possibility that the species distri- 

buted with the name Antithamnion ternirameum Hamel et Hamel- 

Joukov, mentioned by Taylor (Taylor 1960, p. 501) that apparently 

was never published and presumably is a nomen nudum, might be 
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this species, as the name used by the above mentioned authors sug- 

gest the organization of this plant. 

The only other Antithamnion of the Atlantic that has peculiarly 

three branches (sometimes 4 and 5) at each node, is Antithamnion 

elegans Berthold (cf. Bdrgesen 1930, p. 56 et seq., figs. 21-23 and 

Feldmann-Mazoyer 1940, p. 267, figs 100-101). But this species 

has a different pattern of secondary branching, the gland cells are 

very different from our material, as well as the tetrasporangia. From 

A. hrevirarnosus Dawson (cf. Dawson 1960, p. 50 and 1962, p. 14, 

pi. 5, fig. 3, pi. 15, fig. 1) our plant differ in the patern of branching 

of the determinate branches and also in the size of the cells. 

Ophidocladus herposiphonioides Joly et Cordeiro, sp. n. 

Plates II, III, Figs. 1-13 

Plantae dorsiventrales, axe decumbente cylindrico, ecorticato, ad 

substratum rhizoidibus unicellularibus adfixo, 17 ccllulis pericentra- 

libus ornato, 241-248/i. diam.; apicc axis illius substratum versus cur- 

vato, absque trichoblastis; segmenta 142-155/i. longa. Ramificatio 

typice endogena. Axes repentes magna copia ramorum dctcrmina- 

torum atque uno alterove ramo indetcrminato supra dorsum latera- 

liter gerentes. Axes erecti novelli apicem repentem versum curvati. 

Rami erecti ecorticati vetustiores trichoblastis brevibus vcl elongatis 

instruct! sive defecti; illi indivisi aut 1-2-ramos, 5-6 (vulgo 3-4) cm 

alti, 26-29 cellulis pericentralibus praediti. Trichoblasti repctite bi- 

furcati, in series 2 distiche oppositas ordinal!. Rami erecti 148-155;j. 

diam. juxta basin, usque ad 295/x in medio. 

Rami carpogonii e secundo segmento trichoblasti evoluti, jam ab 

initio pericarpo urceolato obtecto. Cystocarpi ovati, 460/x diam., pau- 

cis carposporis circa 180/a longis emmitentes. 

Antheridia valde distincta, e trichoblastis bis bifurcatis orta, cir- 

ca 214^ im parte ampliore. Cellula basalis trichoblasti persistens mo- 

re pedunculi antheridialis. 

Tetrasporangia e portione distali ramorum erectorum leviter in- 

tumescentium oriunda. Segmenta singula 2 tetrasporangiis emmiten- 
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tia, quae haud tetraedrice divisa sed cellulis 2, prope 30/i, diam., ob- 

tecta. 

Specimina tetrasporis exhibentia magis ramosa quam sterilia vel 

sexualia. Planta mascula desideratur. Antheridia supra stichidia te- 

trasporangiorum crescentia. 

Typus — In Herbario Phycologico "Departamento de Botanica 

da Universidade de Sao Paulo", servatus, collectus 16-7-1961, tetras- 

poris instructus. Locis typi: "Praia da Sununga", municipio de Uba- 

tuba, estado de Sao Paulo, Brasil. 

The plant is dorsiventrally organized with a cylindrical, ecorti- 

cated decumbent main axis, (Figs. 3, 7, 8) fixed to the substratum 

by means of unicellular rhizoids, with up to 17 pericentral cells. At 

the apex the axis is elegantly curved toward the substratum and 

bears no trichoblasts (Fig. 8). The segments measure from 142 up 

to 155/a long and the axis has a diameter varying from 241 up to 

248/x. Branching characteristically endogenous. The main rhizome 

sends forth from the dorsal side several erect branches of limited 

growth and now and then similar branches of unlimited growth, la- 

terally (Fig. 8). The determinate branches are, when young, distinct- 

ly curved toward the apex of the main axis (Figs. 3, 7, 8). These 

branches, like the creeping axis, are ecorticated. These erect bran- 

ches, can bear, at an older age, at the apex, a few short trichoblasts 

(Fig. 6) or the trichoblasts are well developed structures in other 

plants (Fig. 13). The vegetative erect branches are seldomly ramifi- 

ed. They can reach a height of 5-6 cm (commonly 3-4) with 26 to 

29 pericentrals (Fig- 9) near the apex (5 mm below the apex). The 

trichoblasts are repeatedly dichotomously branched and are placed 

in two diagonally opposite rows, distichously. The erect branches 

have a diameter varying from 148 up to 155/x near the base and as 

much as 295/a in the middle portion. 

Carpogonial branches develop from the second segment of a 

modified trichoblast; this structure is from the beginning completely 

covered by an urceolated pericarp (Fig. 1). Cystocarps are ovoid. 

They have a diameter of 460/1 and have but a few carpospores which 

measure a little more than 180/i (Fig. 2). 



62 JOLV el colab. 

Antheridial stands are very characteristic, they are produced in 

modified trichoblasts, which are two times furcated and in such a 

manner, that the terminal cells, which arc not involved in the pro- 

duction of spermatia, protrude as four short, uniseriate filaments, 

from the enlarged basal portion of the fertile trichoblasts (Figs. 5, 

12). The basal cell ol this trichoblast remains unmodified and acts 

as a one-celled stalk to the main structure. These protruding fila- 

ments. which are not in the same plan, give a very peculiar ap- 

pearance to the entire structure (Fig. 12). The antheridial stands 

measure about 214/x at their widest portion. 

Tetrasporangia are produced at the dFtal portion of the erect 

branches which are in this respect not modified, except being a little 

swollen (Fig. 4). Each node produces two tetrasporangia which are 

covered by two cover-ceils (Figs. 10, 11) They have a diameter of 

about 30/x and are tetrahedrically divided. Teirasporic plants show 

a greater number of secondary branches wh^n compared with the 

sterile or sexual ones (Fig. 4). A very interesting feature of this 

species however is that no pure male plants were ever found. All 

spcrmatangial bodies figured were found upon mature tetrasporic 

branches, as can be seen from the figure 12. 

This species can he readily differentiated from Ophidocludus 

simpliciuscula (Crouan) Falkenberg and OpIudocUhlus californ'ca 

(Flollenberg) Kylin, by its greater size, by the number of pericen- 

♦rals up to 29 in our species and not over 20 in the two above 

mentioned species, by the very peculiar spcrmatangial bodies and also 

by the tetrasporic plant producing simultaneously spcrmatangial 

bodies. 

Type: Deposited in the phycological herbarium of the ' Depar- 

tamcnto dc Botanica, Univcrsidade de Sao Paulo" Collected July 

16, 1961, tetrasporic. 

Type locality: "Praia da Sununga", on the first rocks expo>ed at 

low tide at the left side facing the sea. Municipality of Ubatuba, 

State of Sao Paulo, Brazil. 

Additional material examined: 

(1) Same locality, July 25, 1961, cystocarpic and tetrasporic- 

male. 
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(2) "Praia das Sete Fontes", Ubatuba, August 18, 1962. 

(3) "Praia do Peres", Ubatuba, April 7, 1963. Tetrasporic 

only. 
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4. SUMMARY 

Antithamnion tristicum and Ophidocladus herposiphonioides 

believed to be new to Science, are described and figured. 

A brief discussion is made comparing the previously known relat- 

ed plants with both mentioned species. 

This is the first reference of the occurrence of the genus Ophi- 

docladus in the American Atlantic. 

5. SUMARIO 

Antithamnion tristicum e Ophidocladus herposiphonioides, duas 

algas vermelhas, que se acreditam novas para a Ciencia, sao descri- 

tas e figuradas. 

Uma breve discussao e feita comparando as plantas conhecidas 

anteriormente com as especies agora descritas. 

Esta e tambem a primeira referencia da ocorrencia do genero 

Ophidocladus na costa atlantica das Americas. 

Duas pranchas com inumeras figuras completam o texto. 
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PLATE I 

Antithamnion tristicum Joly et Yamaguishi sp. n. 

Fig. 1 — Uper portion of an erect branch. Note the verticilated 

branching, the position of the gland-cells and the tetra- 

sporangium. 

Fig- 2 — Part of a creeping axis. Note rhizoids issuing from the 

basal cell of the short branches, the verticilately patern 

of the branching and the basal portion of an erect shoot. 

Observe gland-cells. 

Fig. 3 — Detail of a tetrasporangium. 
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PLATE II 

Ophidocladus herposiphonioides Joly et Cordeiro sp. n. 

1 — Detail of a fertile trichoblast showing the begining of 

the development of the pericarp. 

2 — A mature cistocarp with carpospores. 

3 — General view of the plant. Note rhizoids and the in- 

curved apex of the prostrate axis and the young dorsal 

erect branches also curved toward the apex of the rhi- 

zome . 

4 — Upper portion of a tetrasporic plant. Note two tetra- 

sporangia per segment. 

5 — Upper portion of a tetrasporic-male plant with a de- 

veloping antheridial body. 

6 — Upper portion of a sterile erect branch. Note the tri- 

choblasts. 

7 — Growing apex of the prostate axis. Note endogenous 

production of the dorsaly located erect branches. Three 

young rhizoids are also seen. 
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PLATE 111 

Ophidocladus herposiphonioides Joly et Cordciro sp. n. 

Fig. 8 — Growing apex of the prolate axis showing dorsally placed 

young erect branches and two laterally placed very young 

indeterminate branches. Note the apex strongly incurved 

and also the incurved erect branches. 

Fig. 9 — Transverse section of the erect branch with 25 pcri- 

ccntrals. 

Fig. 10 — Transverse section of the young stichidium. Note two 

cover cells for each tetrasporangium. 

Fig. 1 I — Detail of a nearly mature stichidium. 

Fig. 12 — Detail of the upper portion of a tetrasporic-malc plant. 

Note the characteristic shape of the anthcridial body, 

with the four protuding arms. 

Fig. 13 — Detail of the upper portion of an sterile branch with 

well dcvelloped trichoblasts. Note that they are dia- 

gonaly opositely placed in a distichous maner. 
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ALGUNS ASPECTOS GERAIS S6BRE O PROBLEMA DA 
SECA FISICA E DO XEROFITISMO 
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ALGUNS ASPECTOS GERA1S SOBRE O PROBLEMA DA 

SECA FIS1CA E DO XEROFITISMO 

LEOPOLDO MAGNO COUTINHO 
Departamento de Botanica da Faculdade de Filosofia, 

Ciencias e Letras da Universidade de Sao Paulo. 

A mais notavel linha de evolu^ao dos vegetais foi, sem diivida, 

aquela que Ihes permitiu a saida de seu ambiente aquatico primitivo 

e a ocupagao paulatina das areas conlinentais. 

A invasao progressiva do ambiente terrestre so se tornou pos- 

sivel a medida que novas e melhores adaptagoes as condigoes ali rei- 

nantes fossem desenvolvidas pelos organismos invasores. 

E' obvio afirmar-se que o fator agua foi aquele de maior im- 

portancia na selegao das especies. Em conseqiiencia do contacto di- 

reto dos orgaos assimiladores das plantas com a atmosfera, onde a 

pressao relativa de vapor d'agua e quase sempre extremamente in- 

ferior aquela existente no ambiente aquatico, um acentuado gra- 

diente de umidade se estabelecia entre o ar e o protoplasma das ce- 

lulas, tornando, entao, necessario um maior consumo hidrico por 

parte das plantas, para a manutengao de seu turgor. Enquanto o abas- 

tecimento d'agua fosse suficiente para, ao menos, compensar as per- 

das por transpiragao, uma situagao de equilibrio se estabeleceria e o 

perigo do dessecamento seria afastado. 

No ambiente terrestre, condigoes de suficiente abastecimento 

hidrico nao eram, todavia, asseguradas. Elas poderiam variar de um 

para outro local, de uma para outra epoca do ano, de ano para ano, 

etc. Naquele novo habitat existia, portanto, e com grande probabi- 

lidade de ocorrencia, o perigo da seca fisica, isto e, mau >:uprimen- 

to de agua aos sistemas absorventes das plantas. 

Este fator limitante, crucial na ocupagao dos continentes pelos 

vegetais, foi em grande parte superado por eles, gragas ao desenvol- 

vimento de adaptagoes, as quais podemos grupar da seguinte forma: 
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1) adapta^oes que permilissem ao protoplasma suportar um alto 

grau de dessecamento, sem que perdesse sua vida (capacidade de 

anhidrobiose); 2) adaptagoes que impedissem o dessecamento do 

protoplasma, apesar do elevado gradiente de pressao relativa de va- 

por d'agua normalmente existente entre ele e a atmosfera. As plan- 

tas que evoluiram desenvclvendo o primeiro grupo de adaptagoes cons- 

tituem as que Walter (5) denominou "plantas poiquilohidricas", en- 

quanto que aquelas que se tornaram aptas as condigoes terrestres 

gragas ao segundo grupo foram chamadas de '"plantas homeohidri- 

cas". 

A distribui^ao quantitativamente desigual das precipitagoes so- 

bre as areas continentals, conseqiiente da topografia e principalmen- 

te da dire^ao dos ventos, cria sobre tais areas regioes cujo macrocli- 

ma se caracteriza por condigoes de maior ou menor intensidade de 

seca. A observagao das condigoes de pluviosidade nas diversas re- 

gibes dos continentes permitiu aos climatologistas delincar areas, ti- 

das climaticamente como umidas, aridas, semiaridas etc. 

Baseado nas condigbes macroclimaticas medias, Schouw (4) de- 

nominou as plantas que se desenvolviam em ambientes aridos de xe- 

rofitas. Se tais plantas mereciam ser agrupadas, distinguindo-se das 

demais, deveriam, cntao, apresentar caracteristicas proprias. De- 

monstrar e salientar tais caracteristicas, quer morfologicas ou fisio- 

logicas, tern sido o assunto para pesquisas de inumeros botanicos 

desde longa data, impraticavel sendo relatar aqui todos os seus no- 

mes. Todavia, tbdas essas tcntativas de caracterizagao das plantas 

denominadas por Schouw como xerofitas tern sido praticamente in- 

flutiferas. Em um recente trabalho (1) tivemos a oportunidadc de 

demonstrar que muitas daquelas adaptagbes, tidas como exclusivas 

das plantas de regibes aridas ou semiaridas, aparecem em grau se- 

melhante entre plantas de mata pluvial, onde a precipitagao atinge 

em media 3600 mm anuais. Em trabalho que ainda se encontra 

no prelo (2), relatamos o fato de que certas epifitas e ervas terres- 

tres da mata pluvial tern, inclusive, capacidade de absorver e acumu- 

lar C02 durante o periodo noturno, o que Ihes facultaria, talvez. a 

possibilidade de permanecerem com seus estomatos praticamente fe- 

chados durante grande parte do dia, evitando, assim, a transpiragao 



S£CA FISICA E XEROFITISMO 77 

quando necessario. Ate mesmo nestas particularidades metabolicas, 

que de certa forma tem rela^ao com o suprimento hidrico da planta, 

pois dependem das aberturas estomaticas, ocorrem certas semelhan- 

^as entre individuos de regioes umidas e aridas. Referimo-nos aqui 

ao tipo de metabolismo das crassulaceas, freqiientes em ambientes 

secos. 

Ultimamente outros autores tem, tambem, dedicado aten^ao a 

essa carencia de caractemticas que sejam exclusivas das plantas de 

ambientes secos (3). Walter (7), analisando a economia d'agua das 

plantas de deserto, assim se refere: "On croyait necessaire jusqu'jci 

d'attribuer aux plantes de climats desertiques certaines proprietes 

physiologiques particulieres, par exemple un plasma ayant une re- 

sistance accrue a la secheresse, 1'aptitude a extraire de I'eau d'un sol 

tres sec par un pouvoir absorbant considerable, la propriete de pou- 

voir, malgre une transpiration restreinte, effectuer a partir de I'acide 

carbonique atmospherique la synthese d'une quantite suffisante de 

matiere organique, etc. Mais il s'est revele impossible de constater 

par des experiences precises 1'existence des proprietes ainsi suppo- 

sees." 

"Les plantes vivaces du desert, qui affrontent la secheresse en 

etat de metabolisme actif, ne se distinguent pas physiologiquement 

d'une maniere notable des plantes des regions humides." 

E' interessante notar que os trabalhos de Coutinho (1) e Wal- 

ter (7) vieram, numa mesma epoca, demonstrar e salientar um mes- 

mo fato pela analise de vegetagoes de ambientes sempre tidos como 

extremamente diversos. Sem duvida, se considerarmos apenas as con- 

digoes macroclimaticas reinantes num deserto ou numa regiao de ma- 

ta pluvial, as condigoes serao profundamente distintas. Se descer- 

mos, porem, ao mvel do microambiente, as condigdes microclimati- 

cas, veremos que em certos casos a amplitude daquela diversificagao 

torna-se bem menor. For outro lado, o abastecimento hidrico de 

uma planta nao esta na dependencia unica e exclusiva da maior ou 

menor pluviosidade da regiao, como as vezes se e tentado supor. 

Para bem compreendermos o comportamento dos individuos de uma 

dada vegeta^ao, com respeito a sua economia hidrica, torna-se ne- 

cessario levar em conta que o seu abastecimento d'agua e influen- 
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ciado por inumeros outros fatores, alem da quantidade de precipi- 

ta^ao. Evapotranspiragao potencial, tipo de solo, sua capacidade de 

campo e volume, topografia do terreno, cobertura vegetal, desenvol- 

vimento dos sistemas radiculares, profundidade do lengol subterra- 

neo etc., sao alguns dos muitos fatores a serem considerados. 

Um fator que se nos afigura de particular importancia, salien- 

tado por aqueles dois ultimos autores, e a relagao entre pluviosida- 

de e massa de vegetagao. Uma mesma quantidade de agua disponi- 

vel pode ser, ao mesmo tempo, excessiva e insuficiente, dependendo 

da massa vegetal que dela va se servir. Assim sendo, uma mesma 

quantidade de precipitagao pode ser mais que suficiente para o su- 

primento hidrico dos individuos, se o tipo de vegetagao for pouco 

denso, esparso; podera ser de pouca utilidade se, ao contrario, a 

densidade da vegetagao for muito grande. 
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Fig. 1 — Produgao forrageira de "prairies", em funqao da altura das 
precipitaQoes. Em ordenadas: substancia seca em Kg/ha. Em abcissas; 

precipitances medias em mm. Segundo Walter (6). 
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Achamos bastante significativo o grafico apresentado por Wal- 

ter (6), que aqui reproduzimos, onde se observa a existencia de 

uma relagao linear entre a massa vegetal por hectare, produzida por 

plantas forrageiras, e o valor medio anual das precipitagoes (Fig. 

1). Diante de tais fatos poderiamos ja supor que os problemas re- 

latives a economia d'agua de um individuo de uma vegetagao de 

ambiente arido ou umido nao devem ser fundamentalmente diver- 

sos. E' facil imaginar que condigoes de seca fisica possam ocorrer 

em graus semelhantes tanto em um quanto em outro tipo de vege- 

tagao, basta lembrarmos que onde ha maior pluviosidade ha, para 

compensar, maior massa vegetal a consumi-la. 

Escassez de agua nao e, pois, um elemento exclusive de am- 

bientes aridos. Restringir o conceito de xerofitismo apenas a plan- 

tas destas regioes nao nos parece logico. Preferimos defini-lo como 

resistencia a seca (1), carater este comum a todas as plantas, ma- 

nifestando-se com maior intensidade numas especies e menor em ou- 

tras, dependendo das suas adaptagdes as condigoes microclimaticas 

em que vivem e independente das condigoes macroclimaticas ou da 

associagao a que pertencem. 
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INTRODUgAO 

O metabolismo do gas carbonico da grande maioria das plan- 

tas verdes, fotossintetizantes, caracteriza-se por uma periodica modi- 

ficagao nas trocas daquele gas entre planta e atmosfera circundante, 

dependendo da presenga ou ausencia dc luz. 

Em intensidades luminosas superiores ao seu ponto de compen- 

sagao de luz, os orgaos assimiladores absorvem CCE do ar, fixan- 

do-o predominantemente na forma de carbohidratos, por atividade 

fotossintetica. A razao desta absor^ao e fungao, dentro de certos 

limites, da intensidade luminosa. 

Abaixo do ponto de compensagao de luz, observa-se um feno- 

meno inverso, isto e, os orgaos assimiladores eliminam COo, o qual 

provem da respiragao. 

Certas plantas suculentas, mais reconhecidamente aquelas per- 

tencentes ao grupo das Crassulaceas, apresentam um tipo de meta- 

bolismo do gas carbonico que se caracteriza por uma inversao nas 

trocas daquele gas. Durante o periodo diurno, elas podem. ate mes- 

mo, eliminar CO,, absorvendo-o durante o periodo noturno. Esta 

fixagao e acumulagao de CO2 no escuro e conhecida na literatura 

como "efeito de De Saussure". 

Inumeros autores tern procurado esclarecer o mecanismo pelo 

qual se processa tal fixagao, bem como a utilizagao do CO., assim 

assimilado durante o periodo luminoso seguinte. 

Entregue para publicagao em Julho de 1963. 
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O paralelismo observado entre as trocas de gas carbonico, as 

variances pcriodicas de acidez do suco celular e do conteudo de ma- 

lato neste, ao lado de outras indicagoes obtidas com o uso de C14, 

fazem crcr que o CO. absorvido durante a noite seja fixado na for- 

ma de acido malico, acumulando-se este no vacuolo (7), (5), (8). 

Varios mccanismos tern sido atribufdos a esta sintese de malatos 

no escuro. Entre eles o que parecc ser mais aceito e o expresso na 

eqiiagao (a), catalizado pela carboxilase fosfoenolpiruvica. 

CH., = C — COOH -f CO., — HOOC.CH ..CO.COOH -f Pi (a) 

I 
0 

1 
POjPC 

Por atividade da dehidrogenase malica, o acido oxaloacetico re- 

sultante daria o acido malico (b), sendo e'-tc, entao acumulado. 

HOOC.CH2.CO.COOH + DPNH;, — HOOC.CHOH.CHl..C(K)H - DPN (b) 

Quanto a utiliza^ao do malato no periodo claro, ocorreria ini- 

cialmente uma dccarboxilagao (c). 

malato -> CO., -f piruvato ou fosfocnolpiruvato (c) 

O resi'duo de tres carbonos scria, em seguida, oxidado atraves 

do ciclo de acidos tricarboxilicos, dando mais 3 CO., ou seria incor- 

porado "em bloco" a carbohidrato, seguindo o caminho inverso da 

glicolise. O CO. produzido tanto num como noutro caso, seria utili- 

zado tambem na sintese de carbohidratos (7) . 

Este tipo de metabolismo do CO., conhecido na literatura pela 

sigla CAM (Crassulacean Acid Metabolism) tern sido extensivamen- 

te estudado naquele grupo de plantas. Pouco se sabe, ate mesmo de 

sua ocorrencia, com respeito a plantas suculentas de alguns outros 

grupos. 

Em um recente trabalho (1) tivemos a oportunidade de analisar 

o balango hidrico de certas suculentas que vivem como epifitas ou er- 

vas terrestres na mata pluvial das encostas da Serra do Mar. Pude- 
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mos observar que algumas delas, durante um periodo eventual de se- 

ca, mantiveram seus estomatos praticamente fechados durante grande 

parte do dia, evitando assim, perda de agua por transpiragao. £ste 

fato atraiu nossa aten^ao com respeito a possibilidade de tais plan- 

tas apresentarem o "efeito de De Saussure", isto e, fixa^ao e acumu- 

la^ao de CO2 a noite, quando as condigoes de umidade do ar podem 

ser mais elevadas. Tal fato representaria, ao nosso ver, mais um me- 

canismo auxiliar de defesa contra os perigos da seca a ser apresen- 

tado por aquelas plantas. 

No presente trabalho, de natureza puramente qualitativa, pro- 

curamos investigar, em algumas epifitas e erbaceas terrestres da mata 

pluvial, a ocorrencia daquele efeito mencionado. 

MATERIAL E METODOS 

O material por nos utilizado no presente trabalho compreende 

onze especies de plantas epifitas ou erbaceas terrestres que ocorrem 

nas matas pluviais costeiras do Estado de Sao Paulo. Todo o mate- 

rial vegetal empregado proveio de exemplares cuitivados em nossas 

estufas. 

Dentre as bromeliaceas, foram investigadas as seguintes espe- 

cies; Aechmea pectinata Bak., Billbergia amoena (Lodd.) Ldl., Ca- 

nistrum cyathiforme (Veil.) Mez, Neoregelia concentrica (Veil.) L. 

B. Smith, Quesnelia testudo Lindm., Vriesia inflata (Wawra) Wawra. 

Apenas duas especies representaram a familia das orquidaceas; 

Epidendrum ellipticum Grah. e Maxillaria picta Hook. Alem destas 

especies, estudamos ainda Codonanthe gracilis (Mart). Hnst., Hy- 

pocyrta radicans Kl. et Hnst. e Nematanthus fritschii Hoehne, repre- 

sentantes da familia das gesneraceas. 

A escolha de tais especies deveu-se apenas a sua existencia em 

nossas estufas, a sua facil identificagao taxonomica, uma vez que ja 

dispunhamos de material classificado em nossos herbarios, e ao fato 

de algumas delas ja terem sido estudadas por nos quanto aos seus 

balangos hidricos. 

Para a verificagao da ocorrencia de fixagao noturna de C02 nas 

especies acima relacionadas, utilizamo-nos do metodo colorimetrico 
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de Kauko (2, cit. por Licth 3), empregado por ele e, posteriormente, 

por outros autores, para dctermina^oes quantitativas de gas carbonico. 

£ste metodo baseia-se fundamentalmente no fato de que uma 

solugao aquosa contendo 84 mg/lt. de NaHCO;{ (0,001N) e 7.46 

g/lt. de KC1 (0,099N) se mantem em equilibrio com o teor de CO_» 

da atmosfcra que com cla esteja cm contacto. Um aumento ou dimi- 

nuigao destc teor no ar, provoca rapidamente uma semelhante modi- 

ficagao no teor de COL. da solu(;ao, segundo a equagao abaixo tcf 

Zeller 9), tendcndo a uma situa^ao de equilibrio. 

ar C02 

 u   

solu(,ao COL> -f H.(C) ^ H„CO.{ 

n 
XaHCO.j — \a+ ^HCO:{- ^ (H4- + CO,, ) 

-f 

H.,0 — OH -f H4- 

Isto tern como conseqiiencia varia^bcs de scu pH. aumentando-o 

ou diminuindo-o, conforme a atmosfcra apresente teores menores ou 

maiores de COL.. Utilizando-nos de um indicador como o vermelho 

de Cresol (pH 7,0 — 8.8) a 10 mg/lt., poderemos observar com 

bastante facilidade, varia^oes minimas no teor de gas carbonico do 

ar. gramas as modifica^oes de cor da soluqao. Ouando aquelc teor 

diminui, a solugao torna-se mais alcalina e adquire uma colora^ao 

purpura; quando o teor de COL. aumenta, a solu^ao torna-se mais aci- 

da e a sua colora^ao tcndc ao amarelo vivo. 

Para o presente trabalho foram preparados diariamente cerca de 

50 tubos de vidro (2 x 17,5 cm), contendo 4 ml da solugao indica- 

dora. Durante aproximadamente 8 boras eles permaneciam abertos, 

cm contacto com a atmosfcra, a fim de que enlrassem todos em equi- 

librio com o seu teor de CO_. e adquirissem uma colora^ao uniforme. 

Ouando em equilibrio com a concentra^ao de CO2 do ar (geralmen- 

te ao redor de 0,03% vol. nas condigoes de nossas experiencias) a so- 

lugao adquire uma tonalidade rosea, indicando um pH 8,15 a 20oC. 

As 18 boras, quando, na epoca em que realizamos o presente traba- 
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Iho, a intensidade luminosa natural ja se encontra bastante baixa (ao 

redor de 500 Lux), colocavamos em cada tubo uma ou mais folhas, 

ou partes delas, apoiadas sobre uma pequena tela de nylon, conforme 

mostra o esquema da Fig. 1 e os fechavamos com uma rolha de bor- 

racha. Eram preparados assim 10 lotes de 5 tubos, um para cada 

uma das especies entao investigadas. Dois ou tres tubos eram deixa- 

dos como controle, sem folha, a fim de que pudessemos verificar, por 

compara^ao, as modificagoes de cor das solugoes nos demais tubos. 

I—I 
1cm 

e 

Fig. 1 — Representagao esquematica de um tubo preparado para 
a realizaqao do teste de fixagao noturna de C02. 

a — rolha de borracha, b — tubo de vidro, c — folha, d 
tela de nylon, e — solugao indicadora. 

Logo apos serem colhidas, as folhas eram colocadas entre papel 

de filtro umedecido, evitando-se, assim, que perdessem agua por trans- 
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piragao ate o momcnto de sua colocagao nos tubos. So foram utili- 

zadas folhas adultas, que se aprescntassem em bom estado e que ti- 

vesscm estado bcm expostas a luz. E' conhccido o fato de que, para 

a fixagao noturna de COL. uma das condigoes necessarias e que os 

orgaos assimiladores tenham recebido suficiente iluminagao no peno- 

do anterior (7), (5). As plantas cultivadas em nossas estufas e uti- 

lizadas neste trabalho, achavam-sc expostas a uma intensidade lumi- 

nosa de aproximadamente 30-40% da luz exterior. Antes que fossem 

introduzidas nos tubos, as folhas eram cxaminadas a lupa, a fim de 

que nos certificassemos da incxistencia de epifilas, as quais poderiam 

afetar os resultados. 

Nos casos de especics com folhas grandes, eram cortados frag- 

mentos de aproximadamente 5 cm-, scmpre que possivel ao longo das 

nervuras, procurando-se com isso afetar ao minimo os tecidos vivos. 

O fato de usarmos folhas destacadas ou mesmo fragmentos do limbo 

nao deve afetar fundamentalmentc os resultados; tal tecnica e normal- 

mente usada para estudos do metabolismo de Crassulaceas (7) ou pa- 

ra estudos que envolvam trocas de CCE cntre folha e atmosfera (4) . 

Pucher e col. (6 cit. 7) relatam mesmo que as modificagoes quanti- 

tativas em compostos organicos em Bryophyllum calycinum exposlo a 

luz ou ao escuro, foram semelhantes caso se usassem folhas destacadas 

ou nao. 

Em Neoregelia concentricci e Aechmea pectinata, os exemplares 

que existiam cm nossas estufas ja se apresentavam em fase final de 

frutificagao, razao por que acreditamos que suas folhas, embora mor- 

fologicamente perfeitas, ja aprescntassem um certo grau de senescencia. 

Uma vez montados os tubos (18 horas), cram feitas observa- 

goes das modificagoes de cor das solugoes as 21, 24 e 6 horas da 

manha. As necessidades de oxigenio para a fixa^ao de COo no es- 

curo parecem ter sido supridas, uma vez que, relativamente ao vo- 

lume do tubo, utilizavamos pouco material vegetal. Por outro lado, 

as plantas que as 21 horas indicavam ter absorvido COL., assim con- 

tinuavam a faze-lo ate a observagao das 6 horas. 

A diminuigao do teor de COL. no interior dos tubos por efeito 

de assimilagao nao representa qualquer obstaculo, pois, mesmo em 

ar desprovido daquele gas, plantas com "efeito de De Saussure" con- 
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tinuaram a apresenta-lo (5). Por outro lado nao estamos interessa- 

dos aqui em determinar quantitativamente o CO2 absorvido, mas ape- 

nas em constatar se ocorre ou nao sua fixa^ao a noite. 

Quanto a temperatura reinante durante as experiencias, o gra- 

fico da Fig. 2 ilustra muito bem o tipo de curva diaria de tempe- 

ratura entao verificada. Em todas as noites em que trabalhamos, a 

temperatura ambiente esteve sempre abaixo de 20oC, oscilando entre 

este valor e 12-130C. Na literatura ha informa^oes de que, em tem- 

peraturas mais baixas que 20oC a acidifica^ao do suco celular, con- 

seqiiencia da fixa^ao noturna, se torna mais intensa (7). 

20 24 4 8 12 16 20 24 4 8 12 16 20 24 4 8 12 16 20 24 4 8 12 hs 
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Fig. 2 — Andamento diario da temperatura em alguns dos dias 
em que foram realizadas as experiencias (maio de 1963). 

Para cada especie estudada foram realizados mais de 50 testes, 

distribuidos em noites diversas. Os tubos permaneceram sempre em 

condi^oes de ceu aberto, expostos as temperaturas ambientes. 

A estrutura das folhas, de especies cuja anatomia foliar ainda nao 

havia sido estudada por nos, foi tambem investigada, utilizando-nos, 

para isso, dos metodos usuais em microscopia. 

RESULTADOS 

a) Anatomia 

Uma das condi§oes necessarias, mas nao suficiente, para a ocor- 

rencia do "efeito de De Saussure" e a suculencia do orgao assimila- 

dor. Associada a esta suculencia e indispensavel, ainda, a presenga 

de clorofila. Orgaos ou tecidos suculentos desprovidos de clorofila nao 

mostram aquele efeito (5). 
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Das onze especies investigadas apenas quatro nao tinham sido 

estudadas quanto a estrutura foliar: Neoregelici concentrica, Aechmea 

pectinata, Quesnelia testudo e Canistrum cyathiforme. A anatomia 

das folhas das demais especies ja se acha publicada em nosso traba- 

Iho anterior (1) . 

As figuras 3 a 6 rcpresentam cortcs transversals ao limbo foliar 

dc cada uma das quatro especies adrcde mencionadas. 

Como se pode observar, as cstruturas das folhas das bromelia- 

ceas aqui estudadas sao bastantc uniformes e semelhantes. Apenas 

no caso de Vriesia injluta (1) observamos a quase total ausencia de 

suculencia. As demais mostram-na em maior ou menor grau, e uma 

distribuigao dc clorofila por quase todo o mesofilo. 

Entre as orquidaccas, Maxillaria picta nao apresenta suculencia, 

enquanto que em Epidendrum ellipticum ela e bem m'tida (1) . Em 

ambas o perenquima clorofiliano e difuso por todo o mesofilo, nao 

se distinguindo palissadas. 

As estruturas apresentadas pelas tres gcsneraceas Codonanthe 

gracilis, Hypocyrta radicans e Nemathanthus fritschii, sao bem unifor- 

mes (1) . O parenquima aqiiifero que Ihes confere suculencia e aclo- 

rofilado, distinguindo-se nitidamente dos parenquimas palissadico e 

lacunoso. 

b) Fixagdo e acumulagdo noturnas de CO, 

As observagoes de fixagao e acumulagao de COL. durante a noite 

pelo metodo colorimetrico, mostraram que, das onze especies inves- 

tigadas, seis deram resultados positives. As outras cinco, em nenhum 

dos 250 testes realizados com elas indicaram qualquer assimilagao no 

escuro. Os resultados porcentuais dos testes realizados acham-sc ex- 

presses na Tabela 1 . 
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Tab. 1 — Resultados porcentuais dos testes realizados sobre 
fixaqao e acumulagao noturna de C02 

Especies Familia Sinusia 

Acunrn 

% + 

. Not. 

% - 

Aechmea pectinata Bromel. epifita 78,9 21.1 
Billbergia amoena jy er. ter. 100,0 0,0 
Canistrum cyathiforme yy er. ter. 100,0 0,0 
Neoregelia concentrica ji epifita 85,1 14,9 
Quesnelia testudo n er. ter. 94,8 5.2 
Vriesia inflata y> epifita 0,0 100.C 
Epidendrum ellipticum Orchid. er. ter. ino.o 0,0 
Maxillaria picta )) epifita 0,0 100,0 
Codonanthe gracilis Gesner. epifita 0,0 100,0 
Hypocyrta radicans epifita 0,0 100,0 
Nematanthus fritschii M epifita 0,0 100,0 

Pode-se observar que em Billbergia amoena, Canistrum cyathi- 

jorme e Epidendrum ellipticum 100% dos testes indicaram fixagao 

positiva de CO2 a noite. Nos casos de Aechmea pectinata, Neoregelia 

concentrica e Quesnelia testudo, uma certa porcentagem dos testes 

deu resultados negatives, particularmente significantes nas duas pri- 

meiras especies. Podemos atribuir isto ao mau estado fisiologico de 

um ou outro segmento de folha utilizado ou k incipiente senescencia 

de alguns individuos. A alta porcentagem de resultados positives ob- 

tidos com estas especies assegura-nos, sem duvida, que elas tern a ca- 

pacidade de fixar e acumular CO2 a noite. 

Em nossas experiencias noturnas a determina^ao das especies 

com "efeito de De Saussure" podia ser feita ao redor das 21 boras, 

pois, ja entao, a solugao indicadora mostrava, para tais especies, va- 

lores de pH proximos a 8,8. Em tais casos a solugao tomava uma 

colora^ao intensamente purpura. Naquelas especies sem fixagao no- 

turna a coloragao amarelada da solugao indicadora demonstrava ter 

havido apenas respiragao, com conseqiiente eliminagao de CO2 pela 

folha no interior do tubo. 

Nas observagdes seguintes, as 24 e 6 boras, o quadro apresen- 

tado anteriormente nao se modificava, a nao ser acentuando cada vez 

mais a diferenga de coloragao, para pH mais basicos ou acidos, em 
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relagao ao controle. Desta forma, as 6 horas, ao termino da experien- 

cia, era perfeitamente possivel distinguir os tubos cujo material fi- 

xou COL. daqueles onde tal nao ocorreu. 

CONCLUSOES 

Os resultados experimentalmente obtidos demonstram que cer- 

tas especics suculentas, epifitas ou erbaceas terrestres, da mata plu- 

vial, tern a capacidadc de fixar e acumular CO2 durante o periodo no- 

turno. Oue papcl tal capacidadc podcria representar para estas espe- 

cies, podemos deduzir das obscrvagocs que se seguem. 

A absorgao diurna de COL. normalmente acarreta para as plan- 

tas um certo prejuizo no que se rcfcre ao seu balango hidrico; a aber- 

tura dos estomatos durante o dia, a fim de permitir a entrada do CO^ 

possibilita concomitantemente a perda de vapor d'agua pela folha, is- 

to e, a transpiragao. Se as condigoes de abastecimento hidrico a plan- 

ta forem precarias, o que podc ocorrcr durante pcriodos de menor 

pluviosidade, a transpiragao nao recompensada por uma equivalente 

absorgao podera provocar o dcssecamcnto dos orgaos e finalmente 

sua mortc. As plantas homeohidricas, particularmente aquelas hidro- 

estaveis, dispocm de adaptagocs que Ihes pcrmitcm cconomizar agua, 

impedindo assim que seu balango hidrico se tornc negative. Tao logo 

o deficit de saturagao de seus tecidos comcce a se acentuar, cerram 

seus estomatos, reduzindo a transpira^ao. 

Analisando o balango d'agua de plantas da mata pluvial durante 

periodos eventuais de seca, tivemos o ensejo de observar que algu- 

mas epifitas e erbaceas terrestres mantinham seus estomatos pratica- 

mente fechados por grande parte do dia (1) . 

fiste mecanismo de defesa contra a seca, se de um lado traz be- 

neficios, no sentido de possibilitar a economia hidrica, de outro tern 

a desvantagem de impedir que o individuo absorva COo para a fotos- 

sintese. ^ associa?ao deste mecanismo a capacidade de fixar e acumu- 

lar COj a noite representaria, por certo, a solugao ideal. No periodo 

notumo as condigoes de umidade do ar podem ser mais favoraveis, 

nao possibilitando razdes de transpira?ao tao acentuadas a ponto de 

poderem ocasionar alteragoes negativas no balan^o hidrico das plan- 

tas. A absor^ao de CCX nestas horas nao teria necessariamente que 



EFEITO DE DE SAUSSURE 97 

pagar um grande tributo em agua transpirada. Durante o dia, mes- 

mo mantendo seus estomatos fechados, a planta teria a seu dispor 

o COo necessario a fotossintese, desde que a fixagao noturna tivesse 

sido eficiente. 

Os resultados aqui apresentados vem demonstrar que tal as- 

sociagao existe em algumas epifitas e erbaceas terrestres da mata. O 

aspecto negative decorrente de seu comportamento em rela^ao a eco- 

nomia hudrica pode, pois, ser anulado, em vista da capacidade que 

tais plantas possuem de fixar C02 a noite. 

A ocorrencia do "efeito de De Saussure" em tais especies re- 

presenta para elas, sem duvida alguma, mais um mecanismo auxiliar, 

paralelo, de economia de suas disponibilidades hidricas. 

Quanto a estrutura foliar, nossos dados parecem apoiar obser- 

vagoes de outros autores de que a assimilagao noturna de CO2 de- 

penda, entre outros fatores, da existencia de tecidos suculentos aos 

quais esteja associado o carater clorofiliano. Naquelas especies por 

nos estudadas, onde os tecidos suculentos eram aclorofilados, nao 

pudemos observar o "efeito de De Saussure". 

Finalmente queremos relembrar aqui que muito poucas infor- 

ma^oes existem hoje a respeito de fixa^ao noturna de CCX por plan- 

tas suculentas de grupos como o das bromeliaceas, orquidaceas, ges- 

neraceas e outros, particularmente do ponto de vista bioquimico, o 

que seria, sem duvida alguma, altamente desejavel. 

SUMMARY 

In the present paper the author describes :ome experiments 

planned for the detection of night fixation of CCX in some epiphytes 

and ground herbs which live in the rain forest. A previous paper 

showed that some of those plants can keep the stomata closed during 

the whole day. 

The method employed was a very simple colorimetric one. This 

method is based on pH alterations of a certain solution, caused by 

the leaves through changes of CCU concentration in the air which is 

in contact with that solution. Of eleven species investigated, six 

were able to fix and accumulate COo during the night. 
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The author discusses the possible ecological significance that 

this adaptation can have in relation to the water balance of those 

species. 
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