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PREFACRE.

————

Turs volume contains the record of various experi
ments made with ants, bees, and wasps, during the past
ten years ; and most of which have appeared in the
‘ Journal of the Linnean Society,” for the years 1874
to 1882. Other occupations and many interruptions,
political and professional, have prevented me from
making them so full and complete as I had hoped.
My parliamentary duties, in particular, have absorbed
most of my time just at the season of year when these
insects can be most profitably studied. I have, there-
fore, whenever it seemed necessary, carefully recorded
the month during which the observations were made ;
for the instincts and behaviour of ants, bees, and wasps
are by no means the same throughout the year. My
object has been not so much to describe the usual
habits of these insects as to test their mental condition

and powers of sense-
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Although the observations of Huber, Forel, McCook,
and others are no doubt perfectly trustworthy, there are
anumber of scattered stories about ants which are quite
unworthy of credence ; and there is also a large clase
in which, although the facts may be correctly recorded,
the inferences drawn from them are very questionable.
I have endeavoured, therefore, by actual experiments
which any one may, and I hope others will, repeat
and verify, to throw some light on these interesting

questions.

The principal point in which my mode of experi-
menting has differed from that of previous observers
has been that I have carefully marked and watched
particular insects ; and secondly, that I have had nests
under observation for long periods. No one before had
ever kept an ants’ nest for more than a few months.
1 bave one now in my room which has been under
constant observation ever since 1874, ¢.e. for more than

geven years.!

! I may add that these ants are still (August 1882) alive and well.
The quecens at least are now eight years old, if not more.
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I had intended to make my observations principally
on bees; but I soon found that ants were more con-
venient for most experimental purposes, and I think
they have also more power and flexibility of mind.

They are certainly far calmer, and less excitable.

I do not attempt to give anything like a full life-
history of ants, but I have here reproduced the sub-
stance of two Royal Institution lectures, which may
serve as an introduction to the subject. Many of the
facts there recorded will doubtless be familiar to most
of my readers, but without tue knowledge of them the
experiments described in the subsequent chapters would

scarcely be intelligible.

I have given a few plates illustrating some of the
species to which reference has been most frequently
made ; selecting Lithography (as I was anxious that the
figures should be coloured), and having all the species
of ants drawn to one scale, although I was thus obliged
in some measure to sacrifice the sharpness of outline,

and the more minute details. I am indebted to Mr.
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BaTEs, Dr. GUNTHER, Mr. Kixpy, and Mr. WATERHOUSE,
for their kind assistance in the preparation of the

plates.

As regards bees and wasps, I have confined myself
for want of space to the simple record of my own

observations.

I am fully conscious that experiments conducted
as mine have been leave much to be desired, and
are scarcely fair upon the ants. In their native
haunts and under natural conditions, more especially

in warmer climates, they may well be expected not

only to manifest a more vivid life, but to develop

higher powers.

I hope, however, that my volume will at least show
the great interest of the subject, and the numerous

problems which still remain to be solved.

Hicn Eums, DownN, KENT:
October 18, 1881.
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ANTS, BEES, AND WASPS.

CHAPTER 1.

INTRODUCTION.
r

THE Antbropoid apes no doubt approach nearer to
man in bodily structure than do any other animals;
but when we consider the habits of Ants, their social
organisation, their large communities, and elaborate
habitations; their roadways, their possession of domestic
animals, and even, in some cases, of slaves, it must be
admitted that they have a fair claim to rank next to
man in the scale of intelligence. They present, more-
over, not only a most interesting, but also a very ex-
tensive field of study.

Ants are divided into three families: the Form-
icidee, Poneride, and Myrmicide, comprising many
genera and a large number of species. In thiscountry
we have rather more than thirty kinds; but ants be-
come more numerous in species, as well as individuals,

~ ip warmer countries, and more than a thousand species
B



2 NUMBER OF SPECIES.

are known. Even this large number is certainly far
short of those actually in existence.!

I have kept in captivity about half of our British
species of ants, as well as a considerable number of
foreign forms, and for the last few years have generally
had from thirty to forty communities under observation.
After trying various plans, I found the most convenient
method was to keep them in nests (see fig. 2, p. 43,
and Plates VI. and VII.) consisting of two plates of
common window glass, about ten inches square, and at
a distance apart of from 4!; to 1 of an inch (in fact just
sufficiently deep to allow the ants freedom of motion),
with slips of wood round the edges, the intermediate
space being filled up with fine earth. If the interval
between the glass plates was too great, the ants were
partly hidden by the earth, but when the distance
between the plates of glass was properly regulated with
reference to the size of the ants, they were open to
close observation, and had no opportunity of conceal-
ing themselves. Ants, however, very much dislike
light in their nests, probably because it makes them
think themselves insecure, and I always therefore
kept the nest covered over, except when under actual

' I have had some doubt whether I should append descriptions
?f the British specics. On the whole, however, I have not thought
it necessary to do so. They are well given in various entomological
works: for instance, in Smith’s (ur, of British Fossorial Hymen-
optera, p.ublished by the Trastees of the British Museum ; Saunders’
C Syn?psm of British Heterogyna,” Zrans. Lntomnological S(,)c. London;
a,nd_lm Mayr’sbll)ic Europ. Formiciden, all of which are cheap an:i
easlly procurable. I hav ‘ever, given figures inci
species with which I haveex’vlolfl?e(c}l‘.lel’ GO RS i e



MODE OF OBSERVATION. 3

observation. I found it convenient to have one side
of the nest formed by a loose slip of wood, and at one
corner I left a small door. These glass nests I either
kept in shallow boxes with loose glass covers resting
on baize, which admitted enough air, and yet was im-
pervious to the ants; or on stands surrounded either
by water, or by fur with the hairs pointing downwards.
Some of the nests I arranged on stands, as shown in

Crv ”7“;-:/:1—6_;”“"";

B A B
s ]

fig. 1. A A is an upright post fixed on a base B B.
C C is a square platform of wood round which runs a
ditch of water. Above are six nests, D, each lying
on a platform E, which could be turned for facility of
observation, as shown in the dotted lines D’ and E'.
Thus the ants had a considerable range, as they could
wander as far as the water ditch. The object of having
the platforin C C larger than the supports of the nests
B2



4 ARTIFICIAL NESTS.

was that if the ants fell, as often happened, they were
within the water boundary, and were able to return

home. This plan answered fairly well, and saved space,
but it did not quite fulfil my hopes, as the ants were
so pugnacious, that I was obliged to be very careful
which nests were placed on the same stand.

Of course it is impossible to force the ants into
these glass nests. On the other hand, when once the
right way is known, it is easy to induce them to go in.
When I wished to start a new nest I dug one up, and
brought home the ants, earth, &ec., all together. 1
then put them over one of my artificial nests, on one
of the platforms surrounded by a moat of water. Gra-
dually the outer earth dried up, while that between
the two plates of glass, being protected from evapo-
ration, retained its moisture. Under these circum-
stances the ants found it more suitable to their
requirements, and gradually deserted the drier mould
outside, which I removed by degrees. In the earth
between the plates of glass the ants tunnelled out
passages, chambers, &ec. (fig. 2, p. 43), varying in form
according to the circumstances and species.

Even between the plates of glass the earth gradually
dried up, and I had to supply artificial rain from time to
time. Occasionally also I gave them an altogether new
nest. They seem, however, to get attached to their old
homes, and I have still (August, 1882) one community
which has inhabited the same glass case ever since 1874.

It is bardly necessary to say that the individual
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ants belonging to the communities placed on the
stands just describea, knew their own nests perfectly
well.

These nests gave me special facilities for observing
the internal economy of ant life. Another main diffe-
rence between my observations and those of previous
naturalists has consisted in the careful record of the
actions of individual ants. The most convenient mode
of marking them was, I found, either with a small dab
of paint on the back, or, in the case of bees or wasps, by
snipping off a fragment at the extremity of the wing.
This, I need hardly say, from the structure of the
wing, gives the insect no pain; in fact, as it is only
necessary to remove a minute portion, not sufficient to
make any difference in their flight, they seemed
scarcely to notice it. I never found any difficulty in
painting bees or wasps; if they are given a little honey
they become so intent that they quietly allow the
paint to be applied. Of course too much must not be
put on, and care must be taken not to touch the wings
or cover up the spiracles. Ants require somewhat more
delicate treatment, but with a little practice they could
also be marked without any real difficulty.

No two species of Ants are identical in habits ; and,
on various accounts, their mode of life is far from easy to
unravel. In the first place, most of their time is passed
underground : all the education of the young, for
instance, is carried on in the dark. Again, ants are
essentially gregarious ; it is in some cases difficult to
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keep a few alive by themselves in captivity, and at
any rate their habits under such circumstances are
entirely altered. If, on the other hand, a whole com-
munity is kept, then the greater number introduces a
fresh element of difficulty and complexity. Moreover,
even individuals of the same species seem to differ
in character, and the same individual will behave
very differently under different circumstances. Al-
though, then, ants have attracted the attention of many
of the older naturalists,—Gould, De Geer, Reaumur,
Swammerdam, Latreille, Leuwenhoeck, Huber,—and
have recently been the object of interesting obser-
vations by Frederick Smith, Belt, Moggridge, Bates,
Mayr, Emery, Forel, McCook, and others, they still
present one of the most promising fields for observation
and experiment.

The life of an ant falls into four well-marked
periods—those of the egg, of the larva or grub, of the
pupa or chrysalis, and of the perfect insect or imago.
The eggs are white or yellowish, and somewhat elon-
gated. They are hatched about fifteen days after being
laid. 'Those observed by me have taken a month or
six weeks,

The larve of ants (P V fig. 3), like those of
bees and wasps, are small, white, legless grubs, some
what conical in form, narrowing towards the head.
They are carefully tended and fed, being carried about
from chamber to chamber hy the workers, probably in
order to secure the most wuitable amount of warmth
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and 1moisture. 1 have observed, also, that they are
very often assorted according to age. It is sometimes
very curious in my nests to see them arranged in
groups according to size, so that they remind one of
a school divided into five or six classes.

As regards the length of life of the larvee, Forel
supposed' that those of ZTapinoma matured the
quickest, and were full-grown in about six or seven
weeks. Some of Myrmica ruginodis, however, ob-
served by me, turned into pups in less than a month.
In other cases the period is much longer. In certain
species, Lasius flavus, for instance, some of the larve
live through the winter.

When full grown the larvee turn into pupe (Pl V
ig. 4), sometimes naked, sometimes covered with a
silken cocoon, constituting the so-called ¢ant-eggs.
We do not yet understand why some larve spin
cocoons, while others remain naked. As a general
rule, the species which have not a sting, are enveloped
in a cocoon, while those which have, are naked.
Latrielle was the first to observe that in one species
(F. fusca) the larvee sometimes spin a cocoon, and
sometimes remain naked. The reason for this differ-
ence is still quite unknown. After remaining some
days in this state they emerge as perfect insects.
In many cases, however, they would perish in the
attempt, if they were not assisted ; and it is very pretty
to see the older ants helping them to extricate them-

V Les Fourmis de la Swisse, p. 420.
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gelves, carefully unfolding their legs and smoothing
out the wings, with truly feminine tenderness and
delicacy. Our countryman Gould long ago mentioned,
and the fact has since been fully confirmed by Forel,
that the pupe are unable to emerge from the cocoons
without the assistance of the workers. The ants
generally remain from three to four weeks in this
condition.

In the case of ants, as with other insects which pass
through similar metamorphoses, such as bees, wasps,
moths, butterflies, flies, and beetles, &c., the larval
stage is the period of growth. During the chrysalis
stage, though immense changes take place, and the
organs of the perfect insect are more or less rapidly
developed, no food is taken, and there is no addition
to the size or weight.

The imago or perfect insect again takes food, but
does not grow. The ant, like all the insects above
named, is as large when it emerges from the pupa as it
ever will be, though the abdomen of the females some-
times increases in size from the development of the
eggs.

We have hitherto had very little information as to
the length of life in ants in the imago, or perfect, state.
So far, indeed, as the preparatory stages are concerned,
there is little difficulty in approximately ascertaining
the facts; namely, that while in summer they take
only a few weeks, in some species, as our small yellow
meadow ants (Lasius flavus), the autumn larve
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remain with comparatively little change throughout
the winter. It is much more difficult to ascertain the
length of life of the perfect insect, on account of their
gregarious habits, and the difficulty of recognising
individual ants. I have found, however, as we shall
presently see, that their life is much longer than has
been generally supposed.

It is generally stated in entomological works that the
males of ants die almost immediately. No doubt this
is generally the case. At the same time, some males
of Myrmica ruginodis, which I isolated with their
mates in August 1876, lived until the following spring;
one of them till May 17.

It has also been the general opinion that the
females lived about a year. Christ! indeed thought
they might last three or even four seasoms, but this
was merely a suggestion, and Forel expressed the
general opinion when he said, ¢Je suis persuadé qu’en
automne il ne reste presque }lus que les ouvriéres
écloses pendant le courant de 16t The average
life of a queen is also, he thinks, not more than twelve
months I have found, however, that the life of the
queens and workers is much longer than had been sup-
posed. I shall give further details in a subsequent
chapter, but I may just mention here that I kept
a queen of Formica fusca from December 1874 till
August 1888, when she must have been nearly fifteen
years old, and of course may have been more. She

Y Naturgeschichte der Insekten.
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attained, therefore, by far the greatest age of any
insect on record.

I have also somie workers which I have had since 1875.

The body of an ant consists of three parts: the
head, thorax, and abdomen. The head bears the prin-
cipal organs of sense, and contains the brain, as the
anterior portion of the nervous system may fairly be
called. The thorax, supporting the legs and, when
they are present, the wings, contains the principal
muscles of locomotion. The abdomen contains the
stomach and intestines, the organs of reproduction, the
sting, &e.

Returning to the head: the antenn® consist of a
short spherical basal piece, a long shaft, known as the
scape, and a flagellum of from six to seventeen (gene-
rally, however, from ten to thirteen) short segments,
the apical ones sometimes forming a sort of club. The
number of segments is generally different in the males
and females.

The eyes are of two kinds. Large compound eyes,one
on each side of the head ; and ocelli, or so-called simple
eyes. The compound eyes consist of many facets. The
number differs greatly in different species, and in the
different sexes, the males generally having the greatest
number. Thus, in Formica pratensis there are,
according to Forel, in the males about 1,200 in each
eye, in the fertile females between 800 and 900, in the
workers about 600. Where the workers vary in size

' Having reference to the facts stated on page 37 this is a result
of great physiological interest.
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they differ also in the number of facets. Thus, again
following the same authority, the large workers of
Camponotus ligniperdus have 500, the smaller ones
only 450 ; while in the Harvesting ant (Atta barbara)
the contrast is even greater, the large specimens
having 230, the small ones only from 80 to 90. The
ordinary workers have in Polyergus rufescens about
400 ; in Lasius fuliginosus, 200 ; in Tapinoma erra-
tieum, 100; in Plagiolepis pygmea, 70 to 80; in
Lasius flavus, about 80 ; in Bothriomyrmex meri-
dionalis, 55 ; in Strongylognathus testaceus, Stenamma
Westwoodit, and Tetramorium cespitum, about 45 ;
in Pheidole pallidula, about 30; Myrmecina La-
treillet, 15 ;5 Solenopsis fugaz, 6 to 9 ; while in Ponera
contracta there are only from 1 to 5 ; in Eciton only 1;
and in Typhlopone the eyes are altogether wanting.

The number of facets seems to increase rather with
the size of the insect than with the power of vision.

The ocelli are never more than three in nurmber,
disposed in a triangle with the apex in front. Some-
times the anterior ocellus alone is present. In some
species the workers are altogether without ocelli, which,
however, are always present in the queens and in the
males.

The mouth parts are the labrum, or upper lip ; the
first pair of jaws or mandibles ; the second pair of jaws
or maxillee, which are provided with a pair of palpi,
or feelers; and the lower lip, or labium, also bearing

a pair of palpi.



12 THE THORAX.

The thorax is generally considered to consist, as in
other insects, of three divisions—the prothorax, meso-
thorax, and metathorax. I have elsewhere, however,
given reasons into which I will not at this moment
enter, for considering that the first abdominal segment
has in this group coalesced with the thorax. The
thorax bears three pairs of legs, consisting of a coxa,
trochanter, femur, tibia and tarsus, the latter composed
of five segments and terminating in a pair of strong
claws.

In the males and females the meso- and meta-
thorax each bear a pair of wings, which, however, in
the case of the female, are stripped off by the insects
themselves soon after the marriage flight.

The workers never possess wings, nor do they show
even a rudimentary representative of these organs. Dr.
Dewitz has, however, pointed out that the full-grown
larvee of the workers possess well-developed ¢ imaginal
disks,” like those which, in the males and females, de-
velope into the wings. These disks, during the pupal
life, gradually become atrophied, until in the perfect
insects they are represented only by two strongly
chitinised points lying under the large middle thoracic
spiracles.  No one unacquainted with the original
history of these points would ever suspect them to be
the rudimentary remnants of ancestral wings.!

The thorax also bears three pairs of spiracles, or
breathing holes.

Y Zest. f. wiss. Zvol., vol, xxviii. p- 556,
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The abdomen consists of six segments, in the queens
and workers, that is to say in the females, and seven in
the males. In the Formicide the first segment, as a

general rule, forms a sort of peduncle (known as the scale
or knot) between the metathorax and the remainder of

the abdomen. In the Myrmicide two segments are
thus detached from the rest.

The Poneride form, as regards the peduncle, and
in some other respects, an intermediate group between
the Formicide and the Myrmicidee. The second abdo-
minal segment is contracted posteriorly, but not so
much so as to form a distinet knot.

The form of the knot offers in many cases valuable
specific characters

I am disposed to correlate the existence of a
second knot among the Myrmicide with their power
of stinging, which is wanting in the Formicide.
Though the principal mobility of the abdomen is
given in the former, as in the latter, by the joint
between the metathorax and the knot, still the second
segment of the peduncle must increase the flexibility,
which would seem to be a special advantage to those
species which have a sting.

It has indeed been said that (Ecophylla has a sting,
while it bas only a single knot. Forel, however, has
shown that the sting of (Ecophylla is really rudimen-
tary. It affords, therefore, no argument against my

suggestion,
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The knot is provided with a pair of spiracles,
which are situated, as Forel states, in the front of the
segment, and not behind, as supposed by Latreille.

In most entomological works it is stated that the
Myrmicidee have a sting, and that, on the contrary,
the Formicidee do not possess one. The latter family,
indeed, possess a 1udimentary structure representing
the sting, but it seems merely to serve as a support for
the poison duct. Dr. Dewitz, who has recently pub-
lished! an interesting memoir on the subject, denies
that the sting in Formicide is a reduced organ, and
considers it rather as in an undeveloped condition.
The ancestors of our existing Ants, in his opinion,
had a large poison apparatus, with a chitinous support
like that now present in Formica, from which the
formidable weapons of the bees, wasps, and Myrmicidae
have been gradually developed. I confess that I am
rather disposed, on the contrary, to regard the con-
dition of the organ in Formica as a case of retrogres-
sion contingent upon disuse.? T find it difficult to
suppose that organs—so complex, and yet so similar—
as the stings of ants, bees, and wasps, should have
been developed independently.

Any opinion expressed by M. Dewitz on such a
subject is, of course, entitled to much weight ; never-
theless there are some general considerations which
seem to me conclusive against his view. If the sting

Y Zeit. f. wiss. Zvol., vol. xxviii. p. 527.

* This view has subsequently b
y been adopted
Zeit. 1890, pted by Dr. Beyer, Jena
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of Formica represents a hitberto undeveloped organ,
then the original ant was stingless, and the present
stings of ants have an origin independent of that
belonging to the other aculeate Hymenoptera, such
as bees and wasps. These organs, however, are so
complex, and at the same time so similarly constituted,
that they must surely have a common origin. Whether
the present sting is derived from a leaf-cutting instru-
ment, such as that from which the sawfly takes its name,
I will at present express no opinion. Dr. Dewitz him-
self regards the rudimentary traces of wings in the
larvae of ants as the remnants of once highly-developed
organs ; why, then, should he adopt the opposite view
with reference to the rudimentary sting? On the
whole, I must regard the ancestral ant as having pos-
sessed a sting, and consider that the rudimentary con-
dition of that of Formica is due to atrophy, perhaps
through disuse.

On the other haud, it is certainly, at first sight, diffi-
cult to understand why ants, having once acquired a
sting, should allow it to fall into desuetude. There are,
however, some considerations which may throw a certain
light on the subject. The poison glands are much larger
in Formica than in Myrmica. Moreover, some species
have the power of ejecting their poison to a consider-
able distance. In Switzerland, after disturbing a nest
of Formica rufa, or some nearly allied species, I have
found that a hand held as much as 18 inches above the
ants was covered with acid, But even when the poison
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is not thus fired at the enemy from a distance, there
are two cases in which the sting might be allowed tc
fall into disuse. Firstly, those species which fight
with their mandibles might find it on the whole most
convenient to inject the poison (as they do) into the
wounds thus created. Secondly, if the poison itself is
so intensified in virulence as to act through the skin,
a piercing instrument would be of comparatively small
advantage. I was amused one day by watching some
specimens of the little Cremastogaster sordidula and
the much larger Formica cinerea. The former were
feeding on some drops of honey, which the Formicas
were anxious to share, but the moment one approached,
the little Cremastogasters simply threatened them
with the tip of their abdomen, and the Formicas
immediately beat a hasty retreat. In this case the
comparatively large Formica could certainly have had
nothing to fear from physical violence on the part of
the little Cremastogaster. Mere contact with the
poison, however, appeared to cause them considerable
pain, and generally the threat alone was sufficient to
cause a retreat.

However this may be, in their modes of fighting,
different species of ants have their several peculiarities.
Some also are much less military than others. Myr-
mecing,  Latreillii, for instance, never attack, and
scarcely even defend themselves. Their skin is very
hard, and they roll themselves into a ball, not defend.—
ing themselves even if their nest is invaded ; Lo pre-
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vent which they make the entrances small, and often
station at each a worker, who uses her head to stop
the way. The smell of this species is also, perhaps, a
protection. Tetramorium caspitum has the habit of
feigning death. This species, however, does not roll
itself up, but merely applies its legs and antenns
closely to the body.

Formica rufa, the common Horse ant, attacks in
serried masses, seldom sending out detachments, while
single ants scarcely ever make individual attacks.
They rarely pursue a flying foe, but give no quarter,
killing as many enemies as possible, and never hesi-
tating, with this object, to sacrifice themselves for the
common good.

Formico sanguinea, on the contrary, at least in
their slave-making expeditions, attempt rather to
terrify than to kill. Indeed, when invading a nest,
they do not attack the flying inhabitants unless these
are attempting to carry off pupe, in which case the
F. sanguineas force them to abandon the pupee.
When fighting, they attempt to crush their enemies
with their mandibles.

Formica exsecta is a delicate, but very active
species. They also advance in serried masses, but in
close quarters they bite right and left, dancing about
to avoid being bitten themselves. When fighting
with larger species they spring on to their backs,
and then seize them by the neck or by an antenna.
They also have the instinct of acting together, three

C
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or four seizing an enemy at once, and then pulling
different ways, so that she on her part cannot get at
any one of her foes. One of them then jumps on
her back and cuts, or rather saws, off her head. In
battles between this ant and the much larger F. pra-
tensis, many of the F. exsectas may be seen on the
backs of the F. pratensis, sawing off their heads from
behind.

The species of Lasius make up in numbers what
they want in strength. Several of them seize an
enemy at once, one by each of her legs or antenne,
and when they have once taken hold they will suffer
themselves to be cut in pieces rather than leave go.

Polyergus rufescens, the celebrated slave-making
or Amazon ant, has a mode of combat almost peculiar
to herself. The jaws are very powerful, and pointed.
If attacked—if, for instance, another ant seizes her by
a leg—she at once takes her ememy’s head into her
jaws, which generally makes her quit her hold. If she
does uot, the Polyergus closes her mandibles, so that
the points pierce the brain of her enemy, paralysing
the nervous system. The victim falls in convulsions,
setting free her terrible foe. In this manner a com-
paratively small force of Polyergus will fearlessly
attack much larger armies of other species, and suffer
themselves scarcely any loss.

Under ordinary circumstances an antg’ nest, like
a beehive, consists of three kinds of individuals:
workers, or imperfect females (which constitute the
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great majority), males, and perfect females. There
are, however, often several queens in an ants’ nest;
while, as we all know, there is never more than one
queen mother in a hive. The queens of ants are pro-
vided with wings, but after a single flight they tear
them off, and do not again quit the nest. In ad-
dition to the ordinary workers there is in some species
a second, or rather a third, form of female. In almost
any ants’ nest we may see that the workers differ more
or less in size. The amount of difference, howerver,
depends upon the species. In Lasius niger, the small
brown garden ant, the workers are, for instance, much
more uniform than in the little yellow meadow ant,
or in Atta barbara (Pl IL figs. 1 and 2), where some
of them are much more than twice as large as others.
But in certain ants there are differences still more re-
markable. Thus, in a Mexican species, Myrmecocystus,!
besides the common workers, which have the form of
ordinary neuter ants, there are certain others in which
the abdomen is swollen into an immense sub-diapha-
nous sphere. These individuals are very inactive, and
serve principally as living honey-jars. I have described
in a subsequent page a species of Camponotus (PL. IV
fig. 1) from Australia, which presents us with the same
remarkable phenomenon. In the genus Pheidole (Pl
II. figs. 3 and 4), very common in southern Europe,
there are also two distinct forms without any interme-
diate gradations; one with heads of the usual propor-

'\ Wesmael, Bull. Acad. Roy. Bruaxelles, vol, v. p. 171,
L
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tion, and a second with immense heads provided with
very large jaws. This differentiation of certain indi-
viduals so as to adapt them to special functions seems
to me very remarkable ; for it must be remembered
that the difference is not one of age or sex. The large-
headed individuals are generally supposed to act as
soldiers, and the size of the head enables the muscles
which move the jaws to be of unusual dimensions ; but
the little workers are also very pugnacious. Indeed,
in some nests of Pheidola megacephala, which I had
for some time under observation, the small workers
were quite as ready to fight as the large ones.

Again, in the genus Colobopsis Emery discovered
that two ants, then supposed to be different species, and
known as Colobopsis truncata and C. fuscipes, are really
only two forms of one species. Inm this case the entrance
to the nest is guarded by the large-headed form, which
may therefore fairly be called a soldier.

Savage observed among the Driver Ants, where also
there are two kinds of workers, that the large omes
arranged themselves on each side of the column formed
by the small ones. They acted, he says, evidently the
part of guides rather than of guards. At times they
place ¢ their abdomen horizontally on the ground, and
laying hold of fixed points with their hind feet (which
together thus acted as a fulerum), elevate the anterior
portion of their bodies to the highest point, open wide
their jaws, and stretch forth their antennee, which for
the most part were fixed, as if in the act of listening
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and watching for approaching danger. They would
occasionally drop their bodies to the ground again, run
off to one side, and fiercely work their jaws and antennze,
as if having detected some strange sounds in the dis-
tance. Discerning nothing, they would quickly return
to their posts and resume their positions, thus acting
as scouts.’!

The same thing has been uoticed by other natu-
ralists. Bates, for instance, states that in the marching
columns of Eciton drepanophora the large-headed
workers ‘all trotted along empty-handed and outside
the column, at pretty regular intervals from each other,
like subaltern officers in a marching regiment. I
did not see them change their position, or take any
notice of their small-headed comrades;’ and he says
that if the column was disturbed they appeared less
pugnacious than the others.

In other species, however, of the same genus, Eciton
vastator and E. erratica, which also have two distinct
kinds of workers, the ones with large heads do appear
to act mainly as soldiers. When a breach is made in
one of their covered ways, the small workers set to
work to repair the damage, while the large-headed ones
issue forth in a menacing manner, rearing themselves
up and threatening with their jaws.

In the Sauba Ant of South America (Fcodoma
cephalotes); the complexity is carried still further;

! Rev. T. S. Savage on the ‘ Habits of the Driver Ants,” Trans.
Ent. Sve., vol. v. p. 12.
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Lund' pointed out that there were two different kinds
of workers, but Bates has since shown that there are
in this species no less than five classes of individuals,
namely: 1. Males. 2. Queens. 3. Small ordinary
workers (Pl III. fig. 2). 4. Large workers (Pl III.
fig. 1), with very large hairy heads. 5. Large workers,
with large polished heads. Bates never saw either of
these two last kinds do any work at all, and was not
able to satisfy himself as to their functions. They
have also been called soldiers, but this is obviously a
misnomer—at least, they are said never to fight. Bates
suggests® that they may ¢serve, in some sort, as passive
instruments of protection to the real workers. Their
enormously large, hard, and indestructible heads may
be of use in protecting them against the attacks of
insectivorous animals. They would be, on this view, a
kind of pitces de resistance, serving as a foil against
onslaughts made on the main body of workers.

This does not, I confess, appear to me a probable
explanation of the fact, and on the whole it seems that
the true function of these large-headed forms is not
yet satisfactorily explained.

The question then arises whether these different
kinds of workers are produced from different eggs.

I am disposed to concur with Westwood in the
opinion® ¢that the inhabitants of the nest have the
instinet so to modify the circumstances producing this

Y Ann. des Sei. Nat. 1831, p. 122. 2 Loc. cit., p. 31.
* Modern Classification of Tnsects, vol. ii. p. 22
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state of imperfection, that some neuters shall exhibit
characters at variance with those of the common kind.’
This, indeed, credits them with a very remarkable
instinct, and yet I see no more probable mode of ac-
counting for the facts. Moreover, the exact mode by
which the differences are produced is still entirely
unknown.

M. Forel, in his excellent work on ants, has pointed
out that very young ants devote themselves at first to
the care of the larvee and pupee, and that they take no
share in the defence of the nest or other out-of-door
work until they are some days old. This seems natural,
because at first their skin is comparatively soft ; and it
would clearly be undesirable for them to undertake rough
work or run into danger until their armour had had
time to harden. There are, however, reasons for think-
ing that the division of labour is carried still further. I
do not allude merely to those cases in which there are
completely different kinds of workers, but even to the
ordinary workers. In L. flavus, for instance, it seems
probable that the duties of the smail workers are
somewhat different from those of the large ones,
though no such division of labour has yet been detected.
I shall have to record some further observations point-
ing in the same direction.

The nests of ants may be divided into several
classes. Some species, such as our common Horse ant
(Formico, rufa), collect large quantities of materials,
such as bits of stick, fir leaves, &c., which they heap
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up into conical masses. Some construct their nests of
earth, the cells being partly above, partly below, the
natural level. Some are entirely underground, others
eat into the trunks of old trees.

In warmer climates the variations are still more
numerous. Formica bispinosa, of Cayenne, forms its
nest of the cottony matter from the capsules of Bombax.
Sykes has described! a species of Myrmica which
builds in trees and shrubs, the nest consisting of thin
leaves of cow-dung, arranged like tiles on the roof of a
house ; the upper leaf, however, covering the whole.

In some cases the nests are very extensive. Bates
mentions that while he was at Pard an attempt was
made to destroy a mest of the Sauba ants by blowing
into it the fumes of sulphur, and he saw the smoke
issue from a great number of holes, some of them not
less than seventy yards apart.

A community of ants must not be confused with an
ant hill in the ordinary sense. Very often indeed a
community has only one dwelling, and in most species
seldom more than three or four. Some, however, form
numerous colonies. M. Forel even found a case in
which one nest of F. ewsecta had no less than two
hundred colonies, and occupied a circular space with a
radius of nearly two hundred yards. Within this area
they had exterminated all the other ants, except a few
nests of Tapinoma erraticum, which survived, thanks
to their great agility. In these cases the number of

Y Trans. Ent. Sve., vol. i.
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ants thus associated together must have been emor-
mous. Kven in single nests Forel estimates the
numbers at from five thousand to half a milljon.

Ants also make for themselves roads. These are
not merely worn by the continued passage of the ants,
as has been supposed, but are actually prepared by
the ants, rather however by the removal of obstacles,
than by any actual construction, which would indeed
not be necessary, the weights to be carried being so
small. In some cases these roadways are arched over
with earth, so as to form covered ways. In others, the
ants excavate regular subterranean tunnels, sometimes
of considerable length, The Rev. Hamlet Clark even
assures us that he observed one in South America, which
passed under the river Parahyba at a place where it was
as broad as the Thames at London Bridge. I confess,
however, that I have my doubts as to this case, for I
do not understand how the continuity of the tunnel was
ascertained.

The food of ants consists of insects, great numbers
of which they destroy; of honey, honeydew, and fruit :
indeed, scarcely any animal or sweet substance comes
amiss to them. Some species, such, for instance, as
the small brown garden ant ( Lasius niger, Pl. 1. fig. 1),
ascend bushes in search of aphides. The ant then
taps the aphis gently with her antennz, and the aphis
emits a drop of sweet fluid, which the ant drinks. Some-
times the ants even build covered ways up to and over
the aphides, which, moreover, they protect from the
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attacks of other insects. Our English ants do not
store up provision for the winter; indeed, their food
is not of a nature which would admit of this. I have
indeed observed that the small brown ant sometimes
carries seeds of the violet into its nest, but for what
purpose is not clear. Some of the southern ants,
however, lay up stores of grain (see Chapter II1.).

Ants have many enemies. They themselves, and
still more their young, are a favourite food of many
animals. They are attacked also by numerous para-
sites. If a nest of the brown ants is disturbed at any
time during the summer, some small flies may probably
be seen hovering over the nest, and every now and
then making a dash at some particular ant. These
flies belong to the genus Phora, and to a species hitherto
unnamed, which Mr. Verrall has been good enough to
describe for me (see Appendix). They lay their eggs
on the ants, inside which the larvae live. Other species
of the genus are in the same way parasitic on bees.
Ants are also sometimes attacked by mites. On
one occasion I observed that one of my ants had a
mite attached to the underside of its head. The mite,
which maintained itself for more than three months in
the same position, was almost as large as the head
The ant could not remove it herself. Being a queen,
she did not come out of the nest, so that I could not
do it for her, and none of her own companions thought
of performing this kind office.

In character the different species of ants differ very
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much from one another. F. fusca (Pl 1. fig. 3), the
one which is pre-eminently the ¢slave’ ant, is, as
might be expected, extremely timid ; while the nearly
allied F. cimerea has, on the contrary, a considerable
amount of individual audacity. F.rufa (Pl IL fig. 5),
the horse ant, is, according to M. Forel, especially
characterised by the want of individual initiative,
and always moves in troops; he also regards the
genus Formica as the most brilliant; though others
excel it in other respects, as, for instance, in the
gharpness of their senses. JF. pratensis worries its
glain enemies ; F. sanguinea (Pl. I. fig. 6) never
does so. The slave-making ant (P. rufescens, Pl 1.
fig. 5) is, perhaps, the bravest of all. If a single indi-
vidual finds herself surrounded by enemies, she never
attempts to fly, as any other ant would, but transfixes
Ler opponents one after another, springing right and
left with great agility, till at length she succumbs,
overpowered by numbers. M. scabrinodis is cowardly
and thievish; during wars among the larger species
they haunt the battle-fields and devour the dead.
Tetramorium is said to be very greedy ; Myrmecina
very phlegmatic.

In industry ants are not surpassed even by bees
and wasps. They work all day, and in warm weather,
if need be, even at night too. I once watched an ant
from six in the morning, and she worked without
intermission till a quarter to ten at night. I had put
her to a saucer containing larvee, and in this time she



28 GAMES.

carried off no less than a hundred and eighty-seven to
the nest. I keptanother ant, which I employed in my
experiments, under continuous observation several days.
When I started for London in the morning, and again
when I went to bed at night, I used to put her ina
small bottle, but the moment she was let out she
began to work again. On one occasion 1 was away
from home for a week. On my return I took her out
of the boltle, placing her on a little heap of larve
about three feet from the nest. Under these circum-
stances I certainly did not expect her to return. How-
ever, though she had thus been six days in confine-
ment, the brave little creature immediately picked up
a larva, carried it off to the nest, and after half an
hour’s rest returned for another.

Our countryman Gould noticed! certain ¢amuse-
ments’ or ¢ sportive exercises,” which he had observed
among ants. Huber also mentions® scenes which he
had witnessed on the surface of ant hills, and which,
he says, ‘I dare not qualify with the title gymnastic,
although they bear a close resemblance to scenes of
that kind.’ The ants raised themselves on their hind
legs, caressed one another with their antennze, engaged
in mock combats, and almost seemed to be playing
hide and seek. Forel entirely confirms Huber’s state-

ments, though he was at first incredulous. He
gays: 3—

Y An Account of English Ants, p. 103,
® Nat. Hist. of Ants, p. 197. ¥ Loe. oit., p. 867.
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¢ Malgré I'exactitude avec laquelle il décrit ce fait,
j’avais peine & y croire avant de ’avoir vu moi-méme,
mais une fourmiliére pratensis m’en donna I’exemple 4
plusieurs reprises lorsque je ’approchai avec précaution.
Des ¥ (i.e. workers) se saisissaient par les pattes ou
par les mandibules, se roulaient par terre, puis se
retachaient, s’entrainaient les unes les autres dans les
trous de leur dome pour en ressortir aussitot apres, ete.
Tout cela sans aucun acharnement, sans venin ; il était
évident que c’était purement amical. Le moindre
souffle de ma part mettait aussitot fin a ces jeux.
J’avoue que ce fait peut paraitre imaginaire 4 qui ne
Pa pas vu, quand on pense que Dattrait des sexes ne
peut en étre cause.’

Bates, also, in the case of Eciton legionis, observed
behaviour which looked to him ¢like simple indulgence
in idle amusement, the conclusion,” he says, ¢ that the
ants were engaged merely in play was irresistible.”!

Lastly, I may observe that ants are very cleanly
animals, and assist one another in this respect. I have
often seen them licking one another. Those, moreover,
which I painted for facility of recognition were gradu-

ally cleaned by their friends.

' Lee, cit., vol. ii. p. 862.
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CHAPTER IL

ON THE FORMATION AND MAINTENANCE OF NESTS, AND
ON THE DIVISION OF LABOUR.

J1 is remarkable that notwithstanding the researches of
so many excellent observers, and though ants’ mnests
swarm in every field and every wood, we did not know
how their nests commence.

Three principal modes have been suggested. —After
the marriage-flight the young queen may either—

1. Join her own or some other old nest ;

2. Associate herself with a certain number of
workers, and with their assistance commence a new
nest ; or

3. Found a new nest by herself.

The question can of course only be settled by ob-
servation, and the experiments made to determine it
had hitherto been indecisive.

Blanchard, indeed, in his work on the ¢ Metamor-
phoses of Insects’ (1 quote trom Dr. Duncan’s transla-
tion, p. 205), says :—‘ Huber observed a solitary female
go down into a small under-ground hole, take off her
own wings, and become, as it were, a worker ; then she
constructed a small nest, laid a few eggs, and brought
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up the larve by acting as mother and nurse at the same
time.

This, however, is not a correct version of what
Huber says. His words are :—* I enclosed several females
in a vessel full of light humid earth, with which they
constructed lodges, where they resided, some singly,
othersin common. They laid their eggs and took great
care of them ; and notwithstanding the inconvenience
of not being able to vary the temperature of their habi-
tation, they reared some, which became larve of a
tolerable size, but which soon perished from the effect
of my own negligence.’!

it will be observed that it was the eggs, not the
larvee, which, according to Huber, these isolated females
reared. It is true that he attributes the early and uni-
form death of the larvee to his own negligence, but the
fact remains that in none of his observations did an
isolated female bring her offspring to maturity.

Other entomologists, especially Forel and Fbrard,
have repeated the same observations with similar results;
and as yet in no single case had an isolated female been
known to bring her young to maturity. Forel even
thought himself justified in concluding, from his ob-
servations and from those of Ebrard, that such a fact
could not occur.

Lepeletier de St. Fargeau ? was of opinion that ants’
nests originate in the second mode indicated above, and

! Natwral History of Ants, Huber, p. 121:
' Hist. Nat. des Ins. Hyménoptéres, vol. i. p. 143.



32 RELUCTANCE TO ADOPT A NEW QUEEN.

it is, indeed, far from improbable that this may occur.
No clear case has, however, yet been observed. M. de
St. Fargeau himself observes! that ¢les particularités
qui accompagnent la formation premiére d’une four-
miliére sont encore incertaines et mériteraient d’étre
observées avec soin.’

Under these circumstances I made the following
experiments :—

la. I took an old, fertile, queen from a nest of
Lasius flavus, and put her to another nest of the same
species. The workers became very excited and attacked
her.

b. I repeated the experiment, with the same result.

¢. Do. do. Inthis case the nest to which the queen
was transferred was without a queen ; still they would
not receive her.

d and e. Do. do. do.

I conclude, then, that, at any rate in the case of L.
flavus, the workers will not adopt an old queen from
another nest.

The following observation shows that, at any rate
In some cases, isolated queen ants are capable of giving
origin to a new community.

On August 14, 1876, I isolated two pairs of Myr-
mieq ruginodis which I found flying in my garden. I
placed them with damp earth, food, and water, and
they continued perfectly healthy through the winter.

! Hist. Nat. des Ins. Hyménoptires, vo. i. p. 144.
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In April one of the males died, and the second in the
middle of May. The first eggs were laid between April
12 and 23. They began to hatch the first week in
June, and the first larva turned into a chrysalis on
the 27th; asecond on the 30th; a third on July 1,
when there were also seven larvee and two eggs. On
the 8th there was another egg. On July 8 a fourth
larva had turned into a pupa. On July 11 I found
there were six eggs, and on the 14th about ten. On the
15th one of the pupz began to turn brown, and the
eggs were about 15 in number. On the 16th a second
pupa began to turn brown. On the 2Ist a fifth larva
had turned into a pupa, and there were about 20 eggs.
On July 22 the first worker emerged, and a sixth larva
had changed. On the 25th I observed the young worker
carrying the larvee about when I looked into the nest ;
a second worker was coming out. On July 28 a third
worker emerged, and a fourth on Aug 6. The eggs
appeared to be less numerous, and some had probably
been devoured.

This experiment shows that the queens of Myrmaca
ruginodis have the instinct of bringing up larve and the
power of founding communities. The workers remained
about six weeks in the egg, a month in the state of
larvee, and twenty-five to twenty-seven days as pupz.

Since, however, cases are on record in which com-
munities are known to have existed for many years,
it seems clear that fresh queens must be sometimes
adopted. I have indeed recorded several experiments

D
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in which fertile queens introduced into queenless nests
were-ruthlessly attacked, and subsequent experiments
have always had the same result. Mr! Jenner Iust,
however, suggested to me to introduce the queen into
the nest, as is done with bees, in a wire cage, and leave
her there for two or three days, so that the workers
might, as it were, get accustomed to her. ~Accordingly
I procured a queen of F. fusca and put her with some
honey in a queenless nest, enclosed in a wire cage so
that the ants could not get at her. After three days I
let her out, but she was at once attacked. Perhaps I
ought to have waited a few days longer. On the con-
trary, Mr. McCook reports a case of the adoption of a
fertile queen of Cremastogaster lineolata by a colony
of the same species:‘—¢The queen,” he says, ¢was
taken April 16, and on May 14 following was introduced
to workers of a nest taken the same day. The queen
was alone within an artificial glass formicary, and
several workers were introduced. Omne of these soon
found the queen, exhibited much excitement but no
hostility, and immediately ran to her sister workers, all
of whom were presently clustered upon the queen.
As other workers were gradually introduced they joined
their comrades, until the body of the queen (who is
much larger than the workers) was nearly covered with
them. They appeared to be holding on by their man-
dibles to the delicate hairs upon the female’s body, and

v Proc. Acad. Natural Sciences of Philadelphia, 1879. ¢ Note on
the Adoption of an Ant-Queen,’ by Mr. McCook, p. 139.



FERTILE WORKERS. 35

continually moved their antenne caressingly. This
sort of attention continued until the queen, escorted by
workers, disappeared in one of the galleries. She was
entirely adopted, and thereafter was often seen moving
freely, or attended by guards, about the nest, at times
engaged in attending the larvee and pupe which had
been introduced with the workers of the strange colony.
The workers were fresh from their own natural home, and
the queen had been in an artificial home for a month.’

In no case, however, when I have put a queen into
one of my nests has she been accepted.

Possibly the reason for the difference may be that
the ants on which I experimented had been long living
in arepublic ; for, I am informed, that if bees have been
long without a queen it is impossible to induce them to
accept another.

Moreover, I have found that when I put a queen
with a few ants from a strange nest they did not
attack her, and by adding others gradually, I succeeded
in securing the throne for her.

It is generally stated that among ants the queens
only lay eggs. This, however, is not correct.

Denny ! and Lespés? have shown that the workers
also are capable of producing eggs; but the latter as-
serted that these eggs never come to maturity. Forel,
however, has proved ® that this is not the case, but

' Ann. and Mag. Nat. Hist., 2nd ser., vol. i.
2 Ann. des Sci. Nat., 1863.
8 Fourmis de la Swisse, p. 329
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that in some cases, at any rate, the eggs do produce
young. Dewitz even maintains! that the workers
habitually lay eggs, and explains the difference which
on this view exists between the workers of ants and
those of bees, on the ground that (as he supposes) the
majority of ants die in the autumn, so that the eggs
laid by the queens alone would not be sufficient to
stock the mnest in the spring; while among bees the
majority survive the winter, and consequently the eggy
laid by the queen are sufficient to maintain the num-
bers of the community. In reply to this argument, it
may be observed that among wasps the workers all
perish in the autumn, while, on the contrary, among
ants I have proved that, at least as regards many
species, this is not the case. Moreover, although eggs
are frequently laid by workers, this is not so often the
case as Dewitz appears to suppose. Forel appears to
have only observed it in one or two cases. In my
nests the instances were more numerous; and, indeed,
I should say that in most nests there were a few fertile
workers.

Among bees and wasps also the workers are oceca-
sionally fertile ; but, so far as our observations go, it is
a curious fact that their eggs never produce females,
either queens or workers, but always males. The four
or five specimens bred by Forel from the eggs of
workers were, moreover, all males.

It became therefore an interesting question whether

 Zeit. f. wiss. Zool., vol. xxviii. p. 536.
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the same is the rule among ants; and my nests have
supplied me with some facts bearing on the question.
Most of my nests contained queens; and in these it
would be impossible, or at least very difficult, to dis-
tinguish and follow the comparatively few eggs laid
by the workers. Some of my nests, however, con-
tained no queen ; and in them therefore all the eggs
must have been laid by workers.

One of these was a nest of Formica cinerea, which
I brought back from Castellamare in November 1875.
At that time it contained no eggs or larvee. In 1876
a few eggs were laid, of which fifteen came to maturity,
and Wére, I believe, all males. In 1877 there were
fourteen pupz, of which twelve came to maturity, and
were all males.

Again, in a nest of Lasius niger, kept in captivity
since July 1875, there were 1n 1876 about 100 young ;
and these were, as far as I could ascertain, all males.
At any rate there were about 100 males, and I could
not find a single young female. In 1877 there were
again some pupz; but owing to an accident none of
them came to maturity. In 1878 fifteen came to
maturity ; and fourteen were males. The other I could
not find after it left the pupa skin; but I have no
doubt, from the appearance of the pupa, that it was
also a male.

Another nest of Lasius niger, taken in November
1875, brought in 1878 only one young ant to maturity ;

and this was a male.
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Again, in a nest of Formica fusca, taken in 1875,
though in 1876 and 1877 eggs were laid and a few
arrived at the pupa-state, none came to maturity.
They were all, however, either males or queens, and, I
have little doubt, were males. In 1878 one came to
maturity, and it was a male.

A nest of F. fusca, captured in 1876, did not bring
up any young in 1877. In 1878 three larvae came to
maturity ; and they all proved to be males. Another
nest of F. fusca, captured in 1877, in 1878 brought
only one young one to maturity. This was a male.

In the following year (1879), I again carefully
watched my nests, to see what further light they
would throw on the subject.

In six of those which contained no queen, eggs
were produced, which of course must necessarily have
been laid by workers.

The first of these, the nest of Lasius mniger,
which I have watched since July 1875, and which,
therefore, is interesting from the great age of the
workers, about ten larvee were hatched, but only four
reached the pupa state. Of these one disappeared;
the other three I secured, and on examination they all
proved to be males. The nest of Lasius niger, which
has been under observation since November 1875, pro-
duced about ten pupee. Of these I examined seven, all
of which I found to be males. The others escaped me.
I believe that, having died, they were brought out and
thrown away.
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The nest of Formaca cinerea, captured at the same
time, produced four larve, all of which perished before
arriving at the pupa stage. The larvee of males and
of queens are much larger than those of workers,
and these larvee were too big to have been those of
workers.

In a nest of Formica fusca, which I have had
under observation since August 1876, three pupz were
produced. They were all males. Another nest of
Formaca fusce produced a single young one, which also
was a male.

Lastly, my nest of Polyergus rufescens, which M.
Forel was so good as to send me in the spring of 1876,
in 1879 produced twelve pupe. Eleven of these turned
out to be males. The other one I lost; and I have
little doubt that it was brought out and thrown away.
It was certainly not a worker. As regards the first
three of these pupe, I omitted to record at the time
whether they belonged to the Polyergus or to the
slaves, though I have little doubt that they belonged to
the former species. The last eight, at any rate, were
males of Polyergus.

Indeed, in all of my queenless nests, males have
been produced ; and in not a single queenless nest has
a worker laid eggs which have produced a female, either
a queen or a worker. Perhaps I ought to add that
workers are abundantly produced in those of my nests
which possess a queen.

While great numbers of workers and males have
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come to maturity in my nests, with one exception not
a single queen has been produced.

This was in a nest of Formica fusca, in which five
queens came to maturity. The nest (which, I need
hardly say, possessed a queen ) had been under observa-
tion since April 1879, and the eggs therefore must
have been laid in captivity. The nest had been richly
supplied with animal food, which may possibly account
for the fact.

It is known that bees, by difference of food, &e.,
possess the power of obtaining at will from the same
eggs either queens or ordinary workers. Mr. Dewitz,'
however, is of opinion that among ants, on the con-
trary, the queens and workers are produced from
different kinds of eggs. He remarks that it is very
difficult to understand how the instinct, if it is to be
called instinct, which would enable the working ants
to make this difference can have arisen. This is no
doubt true; but it seems to me quite as difficult to
understand how the queens, which must have originally
laid only queen eggs and male eggs, can have come to
produce another class. Moreover, however great the
difficulty may be to understand how the ants can have
learnt to produce queens and workers from one kind of
egg, the same difficulty exists almost to the same
extent in bees, which, as Mr. Dewitz admits, do possess
the power. Moreover, it seems to me very unlikely
that the result is produced in one way in the case of

V Zeit. fur wiss. Zool. 1878, p. 101.
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bees, and in another in that of ants. Itis alsoa strong
argument that in none of my nests, though thousands
of workers and males have been produced, had I ever
observed a queen to be so until the year 1879. On
the whole, then, though I differ from so excellent a
naturalist with much hesitation, I cannot but think
that ants, like bees, possess the power of developing a
given egg into either a queen or a worker.

I Lave already mentioned that the previous views
as to the duration of life of ants turn out to be quite
erroneous. It was the general opinion that they lived
for a single year. Two of my queen ants lived, the one
nearly fourteen, the other nearly fifteen years, viz.,
from December 1874 to July 1887 and August 1888
respectively. During the whole time they enjoyed
perfect health, and every year have laid eggs producing
workers, a fact which suggests physiological conclusions
of great interest.

I have, moreover, little doubt that some of the
workers now in this nest were among those originally
captured, the mortality after the first few weeks having
been but small. This, however, I cannot prove.

A mnest of F. sanguinea, which M. Forel kindly
forwarded to me on September 12, 1875 (but which
contained no queen), gradually diminished in numbers,
until in February 1879 it was reduced to two F. san-
guineas and one slave. The latter died in February
1880. Ome of the two mistresses died between May
10 and May 16, 1880, and the other only survived her
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a few days, dying between the 16th and 20th. These
two ants, therefore, must have been five years old at
least. It is certainly curious that they should, after
living so long, have died within ten days of one
another. There was nothing, as far as I could see, in
the state of the nest or the weather to account for this,
and they were well supplied with food; yet I hardly
venture to suggest that the survivor pined away for
the loss of her companion.

Some workers of F. cinerea lived in one of my
nests from November 1875 to April 1882.

Workers of F. fusca have attained the age of six
yearsin several of my nests, and in one of Lasius niger
brought in on November 30, 1875, there were no
queens ; and, as already mentioned, no workers have
been produced. Those now living (February 1883) are
therefore the original ones, and they must be more
than seven years old.

The duration of life in ants is therefore much
greater than has been hitherto supposed.

Though I lose many ants from accidents, especially
in summer, in winter there are very few deaths.

I bave given the following figure (fig. 2), which
represents a typical nest belonging to Lasius nigenr,
because it is a good instance of the mode in which
my ants excavated chambers and galleries for them-
selves, and seems to show some ideas of strategy. The
nest is, as usual, between two plates of glass, the outer
border is a framework of wood, and the shaded part
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represents garden mould, which the ants have them-
selves excavated, as shown in the figure. For the
small doorway (a), indeed, I am myself responsible.
[ generally made the doorways of my nests narrow, so
as to check evaporation and keep the nests from
becoming too dry. It will be observed, however, that
behind the hall () the entrance contracts, and is still
further protected by a pillar of earth, which leaves on
either side a narrow passage which a single ant could
easily guard, or which might be quickly blocked up.
Behind this is an irregular vestibule (c), contracted
again behind into a narrow passage, which is followed
by another, this latter opening into the main chamber
(d). In this chamber several pillars of earth are left,
almost as if to support the roof. Behind the main
chamber is an inner sanctum divided into three cham-
bers, and to which access is obtained through narrow
entrances (f, f, f, /). Most of the pillars in the main
chamber are irregular in outline, but two of them
(g, g) were regular ovals, and round each, for a distance
about as long as the body of an ant, the glass had been
most carefully cleaned. This was so marked, and the
edge of the cleaned portion was so distinct, that it is
impossible not to suppose that the ants must have
had some object in this proceeding, thongh T am unable
to suggest any explanation of it,

Thisfigure was made in 1880. Plate VII. shows the
same nest as it was in 1887. It will be seen that the
general arrangement has altered but little in the six
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years. In this plate are represented the ants them-
selves, with their queen, and young in several stages ;
the larve, sorted as usual in several groups according to
age, and the pupz by themselves ; and lastly two kinds
of domestic animals, the little Beckia and the blind
Woodlice. The insects are represented in their actual
positions, but a little larger, in proportion to the nest,
than they actually are. It will be observed that many
of the ants are grouped round the queen, and all have
their faces turned towards her. Plate VI. represents a
fortified nest of another species. The circular camp is
entered by gateways, which, however, are not visible in
a view from above.

I have already mentioned (ante, p. 23), that there
is evidence of some division of labour among ants.
Where, indeed, there are different kinds of workers,
this is self-evident, but even in species where the
workers are all of one type, something of the same
kind appears to occur.

In the autumn of 1875 I noticed an ant belonging
to one of my nests of F. fusca out feeding alone. The
next day the same ant was again out by herself, and for
some weeks no other ant, so far as I observed, came out
to the food. I did not, however, watch her with suffi-
cient regularity. In the winter of 1876, therefore, I
kept two nests under close observation, having arranged
with my daughters and their governess, Miss Wendland
(most conscientious observers), that one of us should
look at them once an hour during the day. One of the
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nests contained about 200 individuals of F. fusca, the
other was a nest of P. rufescens with the usual slaves,
about 400 in number. The mistresses themselves
never came out for food, leaving all this to the slaves.

We began watching on November 1, but did not
keep an hourly register till the 20th, after which date
the results are given in the following tables (see
Appendix). Table No. 1 relates to the nest of F.
fusca, and the ants are denoted by numbers. The
hours at which we omitted to record an observation are
left blank ; when no ant was at the honey, the square
is marked with a 0. An ant, marked in my register as
No. 3, was at the time when we began observing acting
as feeder to the community.

The only cases in which other ants came to the
honey were at 2 P.M. on November 22, when another
ant came out, whom we registered as No. 4, another
on the 28th, registered as No. 5. Other ants came out
occasionally, but not one came to the honey (except
the above mentioned) from November 28 till January
3, when another (whom we registered as No. 6) began
feeding. After this a friend visited the honey once on
the 4th, once on the 11th, and again on the 15th, when
she was registered as No. 7

Table No. 2 is constructed in the same way, but
refers to the nest of Polyergus. The feeders in this
case were, at the beginning of the experiment, regis-
tered as Nos. 5, 6, and 7. On November 22 a friend,
registered as No. 8, came to the honey, and again on
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December 11; but with these two exceptions the whole
of the supplies were carried in by Nos. 5 and 6, with a
little help from No. 7.

Thinking now it might be alleged that possibly
these were merely unusually active or greedy indi-
viduals, I imprisoned No. 6 when she came out to feed
on the 5th. As will be seen from the table, no other
ant had been out to the honey for some days; and it
could therefore hardly be accidental that on that very
evening another ant (then registered as No. 9) came
out for food. This ant, as will be seen from the table,
then took the place of No. 6, and (No. 5 being im-
prisoned on January 11) took in all the supplies, again
with a little help from No. 7. So matters continued
till the 17th, when I imprisoned No. 9, and then again,
i.e. on the 19th, another ant (No. 10) came out for the
food, aided, on and after the 22nd, by another, No. 11.
This seems to me very curious. F¥rom November 1 to
January 5, with two or three casual exceptions, the
whole of the supplies were carried in by three ants,
one of whom, however, did comparatively little. The
other two were imprisoned, and then, but not till then,
a fresh ant appears on the scene. She carried in the
food for a week ; and then, she being imprisoned, two
others undertook the task. On the other hand, in
Nest 1, where the first foragers were not imprisoned,
they continued during the whole time to carry in the

necessary supplies. o
The facts therefore certainly seem to indicate that
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certain ants are told off as foragers, and that during
winter, when little food is required, two or three are
sufficient to provide it.

I have, indeed, no reason to suppose that in our
English ants any particular individuals are specially
adapted to serve as receptacles of food. M. Wesmael,
however, has described ! a remarkable genus (Myrmeco-
cystus mexicanus), brought by M. de Normann from
Mexico, in which certain individuals in each nest serve
as animated honey-pots. To them the foragers bring
their supplies, and their whole duty seems to be to
receive the honey, retain it, and redistribute it when
required. Their abdomen becomes enormously dis-
tended, the intersegmental membranes being so much
extended that the chitinous segments which alone are
visible externally in ordinary ants seem like small
brown transverse bars. The account of these most
curious insects given by MM. de Normann and Wes-
mael has been fully confirmed by subsequent observers;
as, for instance, by Lucas,? Saunders,® Edwards,* Blake,’
Loew,® and McCook.”

On one very important point, however, M. Wesmael
was in error; he states that the abdomen of these
abnormal individuals,  ne contient aucun organe ; ou
plutot, il n'est lui-méme qu'un vaste sac stomacal.’

Y Bull. de U Acad. des Seci. de Bruaxclles, vol. v. p. 771.
2 Ann. Soc. Ent. de France, v. p. 111.

¢ Canadian Entomologist, vol. vii. p. 12.

* Proc. California Academy, 1873. 5 Ibid., 1874
& American Nat., viii. 1874. " The Honey Ants.
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Blake even asserts that ¢the intestine of the insect is
not continued beyond the thorax,’ which must surely be
a misprint; and also that there is no connexion between
the stomach and the intestine! These statements,
however, are entirely erroneous; and, as M. Forel has
shown, the abdomen does really contain the usual
organs, which, however, are very easily overlooked by
the side of the gigantic crop.

I have therefore been much interested in receiving
a second species of ant, which has been sent me by
Mr. Waller, in which a similar habit has been evolved
and a similar modification has been produced. The two
species, however, are very distinct, belonging to totally
different genera ; and the former is a native of Mexico,
while the one now described comes from Adelaide in
Australia. The two species, therefore, cannot be de-
scended one from the other; and the conclusion seems
inevitable that the modification has originated inde-
pendently in the two species.!

It is interesting that, although these specimens
apparently never leave the nest, and have little use
therefore for legs, mandibles, &c., the modifications
which they have undergone seem almost confined to
the abdominal portion of the digestive organs. The
head and thorax, antennw, jaws, legs, &c., differ but
little from those of ordinary ants.

1 T have since received another species from Australia with the

same peculiarity.
E
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CHAPTER III.

ON THE RELATION OF ANTS TO PLARTS.

Ir is now generally admitted that the form and colour,
the scent and honey of flowers, are mainly due to the
unconscious agency of insects, and especially of bees.
Ants have not exercised so great an influence over the
vegetable kingdom, nevertheless they have by mno
means been without effect.

The great object of the beauty, scent, and honey
of flowers, is to secure cross fertilisation ; but for this
purpose winged insects are almost necessary, because
they fly readily from one plant to another, and gener-
ally confine themselves for a certain time to the same
species. Creeping insects, on the other hand, naturally
would pass from one flower to another on the same
plant ; and as Mr. Darwin has shown, it is desirable
that the pollen should be brought from a different
plant altogether. Moreover, when ants quit a plant,
they naturally creep up another close by, without any
regard to species. Hence, even to small flowers, such
as many crucifers, composites, saxifrages, &c., which,
as far as size is concerned, might well be fertilised by
ants, the visits of flying insects are much more advan.
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tageous. Moreover, if larger flowers were visited by
ants, not only would they deprive the flowers of their
honey without fulfilling any useful function in return,
but they would probably prevent the really useful
visits of bees. If you touch an ant with a needle or a
bristle, she is almost sure to seize it in her jaws; and
if bees, when visiting any particular plant, were liable
to have the delicate tip of their proboscis seized on by
the horny jaws of an ant, we may be sure that such a
species of plant would soon cease to be visited. On
the other hand, we know how fond ants are of honey,
and how zealously and unremittingly they search for
food. How is it then that they do not anticipate the
bees, and secure the honey for themselves? This is
guarded against in several ways.

Belt appears to have been the first naturalist to
call attention to this interesting subject.

¢ Many flowers,” he says,! ¢ have contrivances for pre-
venting useless insects from obtaining access to the
nectaries.

¢ Great attention has of late years been paid by
naturalists to the wonderful contrivances amongst
flowers to secure cross fertilisation, but the struc-
ture of many cannot, I believe, be understood, unless
we take into consideration not ouly the beautiful adap-
tations for securing the services of the proper insect or

) The Naturalist in Nicaragua. By Thos. Belt, F.G.S., pp. 131
and 133.

B 2
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bird, but also the contrivances for preventing insects
that would not be useful from obtaining access to the
nectar. Thus the immense length of the Angrecum
sesquipedale of Madagascar might, perhaps, have been
more easily explained by Mr. Wallace, if this impor-
tant purpose had been taken into account.’

Kerner has since published a very interesting
work,! especially devoted to the subject, which has
been translated into English by Dr. Ogle.

In aquatic plants, of course, the access of ants is
precluded by the isolation in water. Nay, even many
land plants have secured to themselves the same advan-
tage, the leaves forming a cup round the stem. Some
species have such a leaf-cup at each joint, in others
there is only a single basin, formed by the rosette of
radical leaves. In these receptacles rain and dew
not only collect, but are retained for a considerable
time. In our own country Dipsacus sylvestris (the
common teazle) is the best marked instance of this
mode of protection, though it is possible that these
cups serve another purpose, and form, as suggested by
Francis Darwin, traps in which insects are caught, and
in which they are dissolved by the contained fluid, so
as to serve as food for the plant. However this may
be, the basins are generally found to contain water,
even if no rain has fallen for some days, and must,
therefore, serve to prevent the access of ants.

The next mode of protection is by means of slippery

\ Kerner : Flowers and therr Unbidden Guests.
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surfaces. In this case, also, the leaves often form a
collar round the stem, with curved surfaces over which
ants cannot climb. ‘I have assured myself,’ says
Kerner, ‘not only by observation, but by experiment,
that wingless insects, and notably ants, find it impos-
sible to mount upwards over such leaves as these.
The little :reatures run up the stem, and may even
not unfrequently traverse the under surface of the
leaves, if not too smooth ; but the reflexed and slip-
pery margin is more than the best climbers among
them can get over, and if they attempt it they invari-
ably fall to the ground. There is no necessity for the
lamina of the leaf to be very broad; even narrow
leaves, as, for instance, those of Gentiana verna, are
enough for the purpose, supposing, of course, that the
margin is bent backwards in the way desecribed.’

Of this mode of protection the cyclamen and snow-
drop offer familiar examples. In vain do ants attempt
to obtain access to such flowers, the curved surfaces
baffle them ; when they come to the edge they inevit-
ably drop off to the ground again. In fact, these
pendulous flowers protect the honey as effectually
from the access of ants, as the hanging nests of the
weaver and other birds protect their eggs and young
from the attacks of reptiles.

In a third series of plants the access of creeping
insects is impeded or altogether prevented by certain
parts of the flower being crowded together so as to
leave either a very nurow passage or none at all. Thus
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the Antirrhinum, or snapdragon, is completely closed,
and only a somewhat powerful insect can force its way
in. The flower is in fact a strong box, of which the
Humble-bee only has the key. The Linarias are another
case of this kind. The Campanulas, again, are open
flowers, but the stamens are swollen at the base,
and in close contact with one another, so that they
form the lid of a hollow box in which the honey is
secreted. In some species the same object is effec-
ted by the stamens being crowded together, as in
some of the white Ranunculuses of the Alps. In
other cases, the flower forms a narrow tube, still
further protected by the presence of hairs, sometimes
scattered, sometimes, as in the white dead nettle,
forming a row.

In others, as in some species of Narcissus, Primula,
Pedicularis, &c., the tube itself is so narrow that even
an ant could not force its way down.

In others, again, as in some of the Gentians, the
opening of the tube is protected by the swollen head
of the pistil.

In others, as in clover, lotus, and many other
Leguminose, the ovary and the stamens, which cling
round the ovary in a closely-fitting tube, fill up almost
the whole space between the petals, leaving only a
very narrow tube.

Lastly, in some, as in Geranium robertianum,
Linum catharticum, &c., the main tube itself is
divided by ridges into several secondary ones.
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In still more numerous species the access of ants
and other creeping insects is prevented by the presence
of spines or hairs, which constitute a veritable chevaug
de frise. Often these hairs are placed on the flowers
themselves, as in some verbenas and gentians. Some-
times the whole plant is more or less hairy, and it
will be observed that the hairs of plants have a great
tendency to point downwards, which of course con-
stitutes them a more efficacious barrier.

In another class of cases access to the flowers is
prevented by viscid secretions. Everyone who has any
acquaintance with botany knows how many species
bear the specific name of ¢Viscosa’ or ¢ Glutinosa.’
We have, for instance, Bartsia viscosa, Robinia viscosa,
Linum wviscosum, Buphrasia viscosa, Silene viscosa,
Dianthus viscidus, Senecio viscosus, Holosteum glu-
tinosum, &c. Even those who have never opened a
botanical work must have noticed how many plants are
more or less sticky. Why is this? What do the plants
gain by this peculiarity ? The answer probably is, at
any rate in most cases, that creeping insects are thus
kept from the flowers. The viscid substance is found
most frequently and abundantly on the peduncles im-
mediately below the blossoms, or even on the blossoms
themselves. In Epimedium alpinum, for instance,
the leaves and lower parts of the stem are smooth,
while the peduncles are covered with glandular, viscid
hairs. The number of small insects which are limed
and perish on such plants is very considerable. Kerner
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counted sixty-four small insects on one inflorescence of
Lychnis wiscosa. In other species the flower is viscid ;
as, for instance, in the gooseberry, Limnawa borealis,
Plumbago Ewropea, &e.

Polygonum amphibium is a very interesting
case. The small rosy flowers are richly supplied with
honey ; but from the structure of the flower, it would
not be fertilised by creeping insects. As its name
indicates, this plant grows sometimes on land, some-
times in water. Those individuals, however, which
grow on dry land aie covered by innumerable glan-
dular viscid hairs, which constitute an effectual pro-
tection. On the other hand, the individuals which
grow in water are protected by their situation. To
them the glandular hairs would be useless, and in fact
on such specimens they are not developed.

In most of the cases hitherto mentioned the viscid
substance is secreted by glandular hairs, but in others
it is discharged by the ordinary cells of the surface.
Kerner is even of opinion that the milky juice of
certain plants—for instance, of some species of Lactuca
(lettuce)—answers the same purpose. He placed
several kinds of ants on these plants, and was surprised
to find that their sharp claws cut through the delicate
epidermis ; while through the minute clefts thus made
the milky juice quickly exuded, by which the ants
were soon glued down. Kerner is even disposed to
suggest that the nectaries which occur on certain
leaves are a means of protection against the unwel-
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come, because unprofitable, visits of creeping insects,
by diverting them from the flowers.

Thus, then, though ants have not influenced the
present condition of the vegetable kingdom to the
same extent as bees, yet they also have had a very
considerable effect upon it in many ways.

Our European ants do not strip plants of their
leaves. In the tropics, on the contrary, some species
do much damage in this manner.

Bates considers ' that the leaves are used ‘to thatch
the domes which cover the entrances to their sub-
terranean dwellings, thereby protecting them from the
rains.” Belt, on the other hand, maintains that they are
torn up into minute fragments, so as to form a flocculent
mass, which serves as a bed for mushrooms; the ants
are, in fact, he says, ‘mushroom growers and eaters.’?

Some trees are protected by one species of ants
from others. A species of Acacia, described by Belt,
bears hollow thorns, while each leaflet produces honey
in a crater-formed gland at the base, as well as a small,
sweet, pear-shaped body at the tip. In consequence, itis
inhabited by myriads of a small ant, which nests in the
hollow thorns, and thus finds meat, drink, and lodging
all provided for it. These ants are continually roaming
over the plant; and constitute a most efficient body-
guard, not only driving off the leaf-cutting ants, but,

in Belt’s opinion, rendering the leaves less liable to be
Y Loe. cit., v. i. p. 26.

2 Loe. ¢it., p. 79. This view has since been confirmed by
Schimper, Bot. Mitt. aus den Tropen. Nr. 6.
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ezten by herbivorous mammalia. Delpino mentions
that on one occasion he was gathering a flower of Clero-
dendrum fragrans, when he was himself ¢suddenlv
attacked by a whole army of small ants.” !

Moseley has also called attention? to the relations
which have grown up between ants and two ¢ curious
epiphytes, Myrmecodia armata and Hydnophytum
formicarum. Both plants are associated in their
growth with certain species of ants. As soon as the
young plants develop a stem, the ants gnaw at the base
of this, and the irritation produced causes the stem to
swell ; the ants continuing to irritate and excavate
the swelling, it assumes a globular form, and may
become even larger than a man’s head.

‘The globular mass contains within a labyrinth of
chambers and passages, which are occupied by the ants
as their nest. The walls of these chambers and the
whole mass of the inflated stem retain their vitality
and thrive, continuing to increase in size with growth.
From the surface of the rounded mass are given off
small twigs, bearing the leaves and flowers.

It appears that this curious gall-like tumour on
the stem has become a normal condition of the plants,
which cannot thrive without the ants. In Myrmecodia
armate the globular mass is covered with spine-like
excrescences. The trees I referred to at Amboina had
these curicus spine-covered masses perched in every

! Scientific Lectures, p. 33.
® Notes by a Naturalist on the * Challenger, p. 389.
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fork, and with them also smooth surfaced masses of a
species of Hydnophytum.’

There are, of course, many cases in which the action
of ants is very beneficial to plants. They kill off a
great number of small caterpillars and other insects.
Forel found in one large nest that more than twenty-
eight dead insects were brought in per minute ; which
would give during the period of greatest energy more
than 100,000 insects destroyed in a day by the
inhabitants of one nest alone.

Our English hunting ants generally forage alone,
but in warmer countries they hunt in packs, or even
troops.

As already mentioned, none of our northern ants
store up grain, and hence there has been much dis-
cussion as to the well-known passage of Solomon. I
have indeed observed that the small brown ants, Lasius
niger, sometimes carry seeds of the violet into their
nests, but for what purpose is not clear. Itis, however,
now a well-established fact that more than one species
of southern ants do collect seeds of various kinds.
The fact, of course, has long been known in those
regions.

Indeed, the quantity of grain thus stored up is some-
times so considerable, that in the ¢ Mischna,’ rules are
laid down with reference to it; and various com-
mentators, including the celebrated Maimonides, have
discussed at length the question whether such grain
belonged to the owner of the land, or might be taken
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by gleaners—giving the latter the benefit of the doubt.
They do not appear to have considered the rights of
the ants.

Hope! has called attention to the fact that Meer
Hassan Ali, in his ¢ History of the Mussulmans,’
expressly mentions it. ¢ More industrious little crea-
tures,” he says, ¢ cannot exist than the small red ants,
which are so abundant in India. I have watched them
at their labours for hours, without tiring. They are so
small, that from eight to twelve in number labour with
great difficulty to convey a grain of wheat or barley,
yet these are not more than half the size of a grain of
English wheat. I have known them to carry one of
these grains to their nest, at a distance from 600 to
1,000 yards. They travel in two distinct lines over
rough or smooth ground, as it may happen, even up
and down steps, at one regular pace. The returning
unladen ants invariably salute the burthened ones, who
are making their way to the general storehouse ; but it
is done so promptly, that the line is neither broken nor
their progress impeded by the salutation.’

Sykes, in his account of an Indian ant, Pheidole
providens,? appears to have been the first of modern
scientific authors to confirm the statements of Solomon.
He states that the above-named species collects large
stores of grass seeds, on which it subsists from Februnary

* Trans. Ent. Soc. 1840, p. 213.

z Ibid. 1836, p. 99. Dr. Lincecum has also made a similax
nbservation,
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to October. On one occasion he even observed the
ants bringing up their stores of grain to dry them
after the closing thunderstorms of the monsoon ; an
observation which has been since confirmed by other
naturalists.

It is now known that harvesting ants oceur in the
warmer part of Europe, where their habits have been
observed with care, especially by Moggridge and Lespés.
It does not yet seem quite clear in what manner the
ants prevent the grains from germinating. Moggridge
found that if the ants were prevented from entering
the granaries, the seeds began to sprout, and that this
was also the case in deserted granaries. It would ap-
pear therefore that the power of germination was not
destroyed.

On the other hand, Lespés confirms the statement
long ago made by Pliny that the ants gnaw off the
radicle, while Forel asserts that Atta structor allows
the seeds in its granaries to commence the process of
germination for the sake of the sugar.

A Texan ant, Pogonomyrmex barbatus, is also a
harvesting species, storing up especially the grains of
Aristida oligantha, the so-called ¢ant-rice,” and of a
grass, Buchloe dactyloides. These ants clear disks, ten
or twelve feet in diameter, round the entrance to their
nest, a work of no small labour in the rich soil, and
under the hot sun, of Texas. I say ‘clear disks,” but
some, though not all, of these disks are occupied, espe-
cially round the edge, by a growth of ant rice. These
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ants were first noticed by Mr. Buckley,! and their
habits were some time afterwards described in more
detail by Dr. Lincecum,? who maintained not only that
the ground was carefully cleared of all other species of
plants, but that this grass was intentionally cultivated
by the ants. Mr. McCook,? by whom this subject has
been recently studied, fully confirms Dr. Lincecum
that the disks are kept carefully clean, that the ant
rice alone is permitted to grow on them, and that the
produce of this crop is carefully harvested; but he
thinks that the ant rice sows itself, and is not actually
cultivated by the ants. I have myself observed in
Algeria, that certain species of plants are allowed by the
ants to grow on their nests.
! Proc. Acad. Nat. Sci. Philadelphia, 1860.

? Linnean Journal, 1861, p. 29.
© The Nat. Hist. of the Agricultural Ants of Tewas, p. 38.
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CHAPTER 1V.

ON THE RELATIONS OF ANTS TO OTHER ANIMALS,

THE relations existing betweenants and otheranimals are
even more interesting than their relations with plants.
As a general rule, not, however, without many remark-
able exceptions, they may be said to be those of deadly
hostility.

Though honey is the principal food of my ants,
they are very fond of meat, and in their wild state
ants destroy large numbers of other insects. Our
English ants generally go out hunting alone, but
many of the species living in hotter climates hunt in
packs, or even in troops.

Savage has given 'a graphic account of the ¢ Driver’
ants (Anomma arcens, West.) of West Africa. They
keep down, he says, ‘the more rapid increase of noxious
insects and smaller reptiles; consume much dead
animal matter, which is constantly occurring, decaying,
becoming offensive, and thus vitiating the atmosphere,
and which is by no means the least important in the
Torrid Zone, often compelling the inhabitants to keep

1 «On the Habits of the Driver Ants,’ Trans. Ent. Soc. 1847
p. 14.
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their dwellings, towns, and their vicinity in a state of
comparative cleanliness. The dread of them is upon
every living thing.

‘Their entrance into a house is soon known by the
simultaneous and universal movement of rats, mice,
lizards, Blapside, Blattidee, and of the numerous
vermin that infest our dwellings. Not being agreed,
they cannot dwell together, which modifies in a good
measure the severity of the Drivers’ habits, and renders
their visits sometimes (though very seldom in my view)
desirable.

‘They move over the house with a good degree of
order, unless disturbed, occasionally spreading abroad,
ransacking one point after another, till, either having
found something desirable, they collect upon it, when
they may be destroyed en masse by hot water.

¢ When they are fairly in, we give up the house,
and try to await with patience their pleasure, thankful,
indeed, if permitted to remain within the narrow limits
of our beds or chairs.’

These ants will soon destroy even the largest animal
if it is confined. In one case Savage saw them kill near
his house a snake four feet long. Indeed, it is said that
they have been known to destroy the great python,
when gorged with food and powerless. The natives
even believe that the python, after crushing its victim,
does not venture to swallow it, until it has made a
search, and is satisfied that there are no Drivers in the
vicinity ! Tt iz very remarkable that these hunting
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ants are blind. They emerge, however, principally by
night, and like some of the blind hunting ants of
Brazil (Eciton vastator and E. erratica), well described
by Bates,! prefer to move under covered galleries, which
they construct rapidly as they advance. ¢The column
of foragers pushes forward step by step, under the
protection of these covered passages, through the
thickets, and on reaching a rotting log, or other
promising hunting ground, pour into the crevices in
search of booty.’

The marauding troops of Ecitons may, in some
cases, be described as armies. ¢ Wherever they move,’
says Bates,? ¢ the whole animal world is set in commo-
tion, and every creature tries to get out of their way.
But it is especially the various tribes of wingless insects
that have cause for fear, such as heavy-bodied spiders,
ants of other species, maggots, caterpillars, larve of
cockroaches, and so forth, all of which live under fallen
leaves or in decaying wood. The Ecitons do not mount
very high on trees, and therefore the nestlings of birds
are not much incommoded by them. The mode of
operation of these armies, which I ascertained, only
after long-continued observation, is as follows: The
main column, from four to six deep, moves forward in
a given direction, clearing the ground of all animal
matter dead or alive, and throwing off, here and there,
a thinner column to forage for a short time on the

1 The Naturalist on the River Amazon, vol. ii. p. 364.
2 7bid., p. 358.
Iy
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flanks of the main army, and re-enter it again after
their task is accomplished. If some very rich place be
encountered anywhere near the line of march—for
example, a mass of rotten wood abounding in insect
larve, a delay takes place, and a very strong force of
ants is concentrated upon it.’

Belt, also, has given! an excellent account of these
Ecitons. He observed that spiders were peculiarly
intelligent in escaping them, making off several yards
in advance ; and not like cockroaches and other stupider
insects, taking shelter in the first hiding-place, where
they were almost sure to be detected. The only chance
of safety was either to run right away or to stand still.
He once saw a Harvestman (Phalangium) standing
in the midst of an army of ants with the greatest
circumspection and coolness, lifting its long legs one
after the other. Sometimes as many as five out of
the eight would be in the air at once, but it always
found three or four spots free from ants, on which it
could safely place its feet. On another occasion, Belt
observed a green leaf-like locust, which remained per-
fectly still, allowing the ants to run over it. This
they did, but seem to have been quite deceived by its
appearance and immobility, apparently taking it for a
leaf.

In other cases, insects mimic ants, and thus escape
attack or are able to stalk their prey. Belt mentions
a spider which in its form, colour, and movements so

Y The Naturalist in Nicaragua, p. 117.
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much resembled an ant, that he was himself for some
time deceived.

Nor are ants without their enemies. We all know
how fond birds are of their larve and pupz. They have
also numerous parasites. I have already alluded to the
mites which are often found in ants’ nests. These are
of several kinds; one of them, not uncommon in the
nests of Lasitus flavus, turned out to be a new species,
and has been described for me by Mr. Michael (sce
Appendix).

Certain species of Diptera, belonging to the family
Phoridee, are also parasitic on ants. As already men-
tioned, I forwarded specimens to Mr. Verrall, who finds
that some of them are a new species of the genus Phora,
and that among them is also the type of a new genus,
which he proposes to call Platyphora, doing me the
honour of naming the species after me. I subjoin his
description in the appendix.

But the social and friendly relations which exist
between ants and other animals are of a more complex
and much more interesting character.

It has long been known that ants derive a very
important part of their sustenance from the sweet
juice excreted by aphides. These insects, in fact,
as has been over and over again observed, are the
cows of the ants; in the words of Linnwus, ¢Aphis
formicarum vacca.” A good account of the rela-
tions existing between ants and aphides was given

F2
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more than a hundred years ago by the Abbé Boisier
de Sauvages.!

Nor are the aphides the only insects which serve as
cows to the ants. Various species of Coccide,
Cercopis, Centrotus, Membracis, &c., are utilised in the
same manner. H. Edwards? and M’Cook 3 have observed
ants licking the larva of a butterfly, Lycena pseudar-
giolus.

The different species of ants utilise different species
of aphis. The common brown garden ant (Lasius
niger) devotes itself principally to aphides which
frequent twigs and leaves; Lasius brunneus, to the
aphides which live on the bark of trees; while the
little yellow ant (Lasius flavus) keeps flocks and herds
of the root-feeding aphides.

In fact, to this difference of habit the difference of
colour is perhaps due. The Baltic amber contains
among the remains of many other insects a species of
ant intermediate between our small brown garden ants
and the little yellow meadow ants. This is possibly
the stock from which these and other allied species are
descended. One is tempted to suggest that the brown
species which live so much in the open air, and climb
up trees and bushes, have retained and even deepened
their dark colour; while others, such as Lasius flavus,

! Observations sur Uorigine du miel, par I’Abbé Boisier de
Sauvages, Jour. de Physique, vol. i. p. 187.

? Canadian Entomologist, January 1878.

¥ The Mound-making Ants of the Alleghanies, p. 289,
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the yellow meadow ant, which lives almost entirely
below ground, has become much paler.

The ants may be said almost literally to milk the
aphides ; for, as Darwin and others have shown, the
aphides generally retain the secretion until the ants
are ready to receive it. The ants stroke and caress the
aphides with their antenns, and the aphides then
emit the sweet secretion.

As the honey of the aphides is more or less sticky,
it is probably an advantage to the aphis that it should
be removed. Nor is this the only service which ants
render to them. They protect them from the attacks
of enemies; and not unfrequently even build cowsheds
of earth over them. The yellow ants collect the root-
feeding species in their nests, and tend them as carefully
as their own young. But this is not all. The ants not
only guard the mature aphides, which are useful; but
also the eggs of the aphides, which of course, until
they come to maturity, are quite useless. These eggs
were first observed by our countryman Gould, whose
excellent little work on ants! has hardly received the
attention it deserves. In this case, however, he fell
into error. He states that ‘the queen ant’ [he is
speaking of Lasius flavus] ¢ lays three different sorts of
eggs, the slave, female, and neutral. The two first are
deposited in the spring, the last in July and part of
August ; or, if the summer be extremely favourable,

An Aocount of English Ants, by the Rev. W. Gould, 1747
p. 36.
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perhaps a little sooner. The female eggs are covered
with a thin black membrane, are oblong, and about
the sixteenth or seventeenth part of an inch in length.
The male eggs are of a more brown complexion, and
usually laid in March.’

These dark eggs are not those of ants, but of
aphides. The error is very pardonable, because the
ants treat these eggs exactly as if they were their own,
guarding and tending them with the utmost care. I
first met with them in February 1876, and was much
astonished, not being at that time aware of Huber’s
observations. I found, as Huber had done before me,
that the ants took great care of these brown hodies,
carrying them off to the lower chambers with the
utmost haste when the nest was disturbed. I brought
some home with me and put them near one of my
own nests, when the ants carried them inside. That
year I was unable to carry my observations further.
In 1877 I again procured some of the same eggs, and
offered them to my ants, who carried them into the
nest, and in the course of March I had the satisfaction
of seeing them hatch into young aphides. M. Huber,
however, did not think that these were ordinary eggs.
On the contrary, he agreed with Bonnet, ¢that the
insect, in a state nearly perfect, quits the body of its
mother in that covering which shelters it from the cold
in winter, and that it is not, as other germs are, in the
egg surrounded by food by means of which it is de-
veloped and supported. It is nothing more than an
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asylum of which the aphides born at another season
have no need ; it is on this account some are produced
naked, others enveloped in a covering. The mothers
are not, then, truly oviparous, since their young are
almost as perfect as they ever will be, in the asylum in
which Nature has placed them at their birth.’!

This is, I think, a mistake. I do not propose here
to describe the anatomy of the aphis; but I may
observe that I have examined the female, and find
these eggs to arise in the manner deseribed by Huxley,”
and which I have also myself observed in other aphides
and in allied genera.? Moreover, I have opened the eggs
themselves, and have also examined sections, and have
satisfied myself that they are really eggs containing
ordinary yelk. So far from the young insect being
‘nearly perfect,” and merely enveloped in a protective
membrane, no limbs or internal organs are present.
In fact, the young aphis does not develop in them
until shortly before they are hatched.*

When my eggs hatched I naturally thought that
the aphides belonged to one of the species usually
found on the roots of plants in the nests of Lasius
flavus. To my surprise, however, the young creatures

\ The Natural History of Ants, by M. P. Huber, 1820, p. 240.

? Linnean Transactions, 1858.

8 Philosophical Transactions, 1859.

4+ T do not enter here into the technical guestion of the difference
between ova and pseudova. I believe these to be true ova, but the
point is that they are not a mere envelope containing a young aphis,
but eggs in the ordinary sense, the contents of which consist of yelk,
and in which the young aphis is gradually developed.



2 EGGS OF APHIDES KEPT THROUGH

made the best of their way out of the nest,and, indeed,
were sometimes brought out by the ants themselves.
In vain I tried them with roots of grass &ec.; they
wandered uneasily about, and eventually died. More-
over, they did not in any way resemble the subterranean
species. In 1878 1 again attempted to rear these
young aphides; but though I hatched a great many
eggs, I did not succeed. In 1879, however, I was more
fortunate. The eggs commenced to hatch the first
week in March. Near one of my nests of Lasius
flavus, in which I had placed some of the eggs in
question, was a glass containing living specimens of
several species of plant commonly found on or around
ants’ nests. To this some of the young aphides were
brought by the ants. Shortly afterwards I observea on
a plant of daisy, in the axils of the leaves, some small
aphides, very much resembling those from my nest,
though we had not actually traced them continuously.
They seemed thriving, and remained stationary on the
daisy, Moreover, whether they had sprung from the
black eggs or not, the ants evidently valued them, for
they built up a wall of earth round and over them.
So things remained throughout the summer; but on
the 9th October I found that the aphideshad laid some
eggs exactly resembling those found in the ants’ nests ;
and on examining daisy-plants from outside, I found
on many of them similar aphides, and more or less of
the same eggs.

I confess these observations surprised me very much.
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The statements of Huber, though confirmed by
Schmarda, have not, indeed, attracted so much notice
as many of the other interesting facts which they have
recorded ; because if aphides are kept by ants in their
nests, it seems only natural that their eggs should
- also occur. The above case, however, is much more
remarkable. Here are aphides, not living in the ants’
nests, but outside, on the leaf-stalks of plants. The
eggs are laid early in October on the food-plant of
the insect. They are of no direct use to the ants,
yet they are not left where they are laid, exposed to the
severity of the weather and to innumerable dangers,
but brought into their nests by the ants, and tended
by them with the utmost care through the long winter
months until the following March, when the young ones
are brought out and again placed on the young shoots of
the daisy. This seems to me a most remarkable case
of prudence. Our ants may not perhaps lay up food
for the winter ; but they do more, for they keep during
six months the eggs which will enable them to procure
food during the following summer, a case of prudence
unexampled in the animal kingdom.

The nests of our common yellow ant (Lasius flavus)
contain in abundance four or five species of aphis,
more than one of which appears to be as yet undescribed.
In addition, however, to the insects belonging to this
family, there are a large number of others which live
habitually in ants’ nests, so that we may truly say that
our Fnglish ants possess a much greater variety of
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domestic animals than we do ourselves. Mirkel satis-
fied himself that large nests of Formica rufa might
contain at least a thousand of such guests;' and I
believe that the aphides in a large mnest of Lasius
flavus would often be even more numerous. André?
gives a list of no less than 584 species of insects,
which are habitually found in association with ants,
and of which 542 are beetles.

The association of some of these insects with ants
may be purely accidental and without significance.
In some of them no doubt the bond of union is
merely the selection of similar places of abode ; in
some few others the ants are victimized by parasites of
which they cannot rid themselves. There are, for
instance, the parasitic mites, and the small black fly,
belonging to the genus Phora, which lays her eggs on
ants, and which I have already mentioned. Then there
are some insects, such as the caterpillar of that beautiful
beetle, the rosechafer, which find a congenial place of
residence among the collection of bits of stick, &e.,
with which certain species of ants make their nests.

Another class of ant guests are those which reside
actually in the galleries and chambers of, and with, the
ants, but which the latter never touch. Of these the
commonest in England are a species allied to Podura,
for which T have proposed the name Beckia (PLV

V Beit. wur Kenntniss der unter Ameisen lebenden Insekien,
Mérkel, Germasr’s Zeit. f. Ent. 1841, p. 210.
* Lev. et May. de Zool. 1874, p. 205.
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fig. 5). It is an active bustling little being, and I
have kept hundreds, I may say thousands, in my
nests. They run about in and out among the ants, keep-
ing their antenn#z in a perpetual state of vibration.
Another very common species is a sort of white wood-
louse (PL V fig. 7), which enjoys the rather long name
of Platyarthrus Hoffmanseggii. André only mentions
Platyarthrus as living with Formica rufa, Myrmica
scabrinodis, and Leptothorax acervorum. 1 have
found it also with Lasius niger, L. flavus, and F.
fusca. It runs about, and is evidently at home,
among the ants. Both Platyarthrus and Beckia,
from living constantly in the dark, have become
blind ; I say ‘have become,” because their ancestors
no doubt had eyes. In neither of these cases have I
ever seen an ant take the slightest notice of either ot
these insects. One might almost imagine they had
the cap of invisibility.

It is certain that the ants intentionally (if I
may so say) sanction the residence of these insects
in their nests. An unauthorised interloper would be
at once killed. I have, therefore, ventured to suggest
that these insects may, perhaps, act as scavengers.

In other cases the association is more close, and the
ants take the greatest care of their guests.

It appears that many of these insects produce a
secretion which serves as food for the ants. This is
certainly the case, for instance, with the curious blind
beetle, Claviger (P1. V fig. 8), (so called from its club-
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shaped antennw),which is quite blind,! and appears to
be absolutely dependent upon the ants, as Miiller first
pointed out. It even seems to have lost the power of
feeding itself ; at any rate it is habitually fed by the ants,
who supply it with nourishment as they do one another.
Miiller saw the ants caressing the beetles with their
antennee. The Clavigers have certain tufts of hairs at the
base of the elytra, and Miiller, whose observations have
since been confirmed by subsequent entomologists, saw
the ants take their tufts of hairs into their mouths and
lick them, as well as the whole upper surface of the body,
with apparently the greatest enjoyment. Grimm 2 has
made a similar observation with reference to Dinarda
dentata, another of these myrmecophilous beetles.
He several times observed the ants licking the tuft
of hairs at the end of the abdomen. Lespés?® has con-
firmed this. On one occasion he saw an ant feed a
Lomechusa. Several of the former were sucking a
morsel of sugar. The beetle approached one of them,
and tapped her several times on the head with her
antennz. The ant then opened her mandibles, and fed
the Lomechusa as she would have done one of her own
species. The Lomechusa crept on the sugar, but did
not appear able to feed herself.

As might naturally be expected the myrmecophilous
insects are not found indiscriminately in the nests of

' Germar’s Mag. de Zool. 1818, p. 69.
 Stettin. Ent. Zeit. 1845, p. 123,
* Ann. Soc. I'nt.  France, 1855, p. 51.
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ants, but while some associate with several species,
many are confined to a few or even to one. ¢

V. Hagens is of opinion! that in some of these
beetles which frequent the nests of two or more species
of ant, varieties have been produced. Thus he has
observed that the specimens of Thiasophila angulata
in nests of Formica congerens are darker than those
found with F. ewsecta. Hetoerius sesquicornis found
with Lastus niger and Tapinoma erraticum are
smaller than those which occur in the nests of larger
ants ; and the form of Dinarda dentata, which is met
with in nests of F. sanguinea, has ratber wider wing-
cases than the normal type.

I would by no means intend to imply that the
relations between ants and the other insects which
live with them are exhausted by the above suggestions.
On the contrary, various other reasons may be imagined
which may render the presence of these insects useful
or agreeable to the ants. For instance, they may emit
an odour which is pleasant to the ants. Again, Mr.
Francis Galton has, I think, rendered it very probable
that some of our domestic animals were kept as pets
before they were made of any use. Unlikely as this
may appear in scme cases, for instance in the pig, we
know as a fact that pigs are often kept by savages as
pets. I would mnot put it forward as a suggestion
which can be supported by any solid reasoning, but it

\ Berlin, Fnt. Zeit. 1865, p. 108.
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geems mnot altogether impossible that some of these
tame insects may be kept as pets.

It is from this point of view a very interesting fact
that, according to Forel, in the cases of Chennium and
Batrisus there is rarely more than one beetle in each
nest.!

I now come to the relations existing between the
different species of ants.

It is hardly necessary to say that, as a general rule,
each species lives by itself. There are,however, some in-
teresting exceptions. The little Stenamma Westwoodii
(PL III. fig. 3) is found exclusively in the nests of the
much larger F. rufa and the allied F. pratensis. We do
not know what the relations between the two species are.
The Stenammas, however, follow the Formicas when
they change their nest, running about among them and
between their legs, tapping them inquisitively with
their antenne, and even sometimes climbing on to
their backs, as if for a ride, while the large ants seem
to take little notice of them. They almost seem to be
the dogs, or perhaps the cats, of the ants. Another small
species, Solenopsis fugax (PL.IIL fig. 4), which makes
its chambers and galleries in the walls of the nests of
larger species, is the bitter enemy of its hosts. The
latter cannot get at them, because they are too large
to enter the galleries. The little Solenopsis, there-
fore, are quite safe, and, as it appears, make incursions
into the nurseries of the larger ant, and carry off the

! Fowrmis de la Suisse, p. 426,
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larvee as food. It is as if we had small dwarfs, about
eighteen inches to two feet long, harbouring in the
walls of our houses, and every now and then carrying
off some of our children into their horrid dens.

Most ants, indeed, will carry off the larvz and pup:
of others if they get a chance; and this explains, or at
any rate throws some light upon, that most remarkable
phenomenon, the existence of slavery among ants. If
you place a number of larvee and pupee in front of a
nest of the Horse ant (F. rufa), for instance, they are
soon carried off; and those which are not immediately
required for food remain alive for some time, and are
even fed by their captors.

Both the Horse ant (Formica rufo, Pl. TL. fig. 5)
and the slave ant (F. fusca, Pl 1. fig. 3) are abun-
dant species, and it must not unfrequently occur
that the former, being pressed for food, attack the
latter and carry off some of their larvee and pupew.
Under these circumstances it no doubt occasionally
happens that the pupse come to maturity in the nests
of the Horse ant, and it is said that nests are some-
times, though rarely, found in which, with the legiti-
mate owners, there are a few F. fuscas. With the
Horse ant this is, however, a very rare and exceptional
phenomenon ; but with an allied species, F. sanguwinea
(Pl. I. fig. 6), a species which exists in some of our
southern counties and throughout Europe, it has
become an established habit. The F. sangwineas
make periodical expeditions, attack neighbouring nests,
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parrying off the larvee and pupe, selecting those which
will produce workers. When the latter come to maturity
they find themselves in a nest consisting partly of F.
sanguineas, partly of their own species, the results of
previous expeditions. They adapt themselves to cir-
cumstances, assist in the ordinary household duties,
and, having no young of their own species, feed and
tend those of the F. sanguineas. But though the F.
sanguineas are thus aided by their slaves, or as they
should rather perhaps be called, their auxiliaries, they
have not themselves lost the instinct of working. It
seems not improbable that there is some division of
functions between the two species, but we have as yet
no distinct knowledge on this point; and at any rate
the F. sanguineas can ‘do’ for themselves, and carry
on a nest, if necessary, without slaves.

The species usually enslaved by F. sanguinea are
Formica fusca and F. rufibarbis, which indeed are so
similar that they are perhaps varieties rather than
species. Sometimes both occur in the same nest.
André says that they also make slaves of Formica
gagates.! Schenk asserts? the same of Lasius alienas,
and F. Smith of L. flavus, but Forel denies these
statements.?

Another species, Polyergus rufescens, is much
more dependent on its slaves, being, indeed, almost
entirely so.

! Rev. ¢t Mag. de Zool. 1874, p. 164.
? Cat. of Brit. Foss. Hymen., p. 1.
¥ Iowrmis de la Suisse, p. 363.
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For the knowledge of the existence of slavery
among ants we are indebted to Huber,' and [ cannot
resist quoting the passage in which he records his
discovery :—*On June 17, 1804, he says, ¢ while walk-
ing in the environs of Geneva, between four and five
in the evening, I observed close at my feet, traversing
the road, a legion of Rufescent ants.

‘They moved in a body with considerable rapidity,
and occupied a space of from eight to ten inches in
length, by three or four in breadth. In a few minutes
they quitted the road, passed a thick hedge, and entered
a pasture ground, where I followed them. They
wound along the grass without straggling, and their
column remained unbroken, notwithstanding the ob-
stacles they had to surmount. At length they ap-
proached a nest, inhabited by dark ash-coloured ants,
the dome of which rose above the grass, at a distance
of twenty feet from the hedge. Some of its inhabitants
were guarding the entrance; but, on the discovery of
an approaching army, darted forth upon the advanced
guard. The alarm spread at the same moment in the
interior, and their companions came forth in numbers
from their underground residence. The Rufescent ants,
the bulk of whose army lay only at the distance of two
paces, quickened their march to arrive at the foot of
the ant-hill ; the whole battalion, in an instant, fell
upon and overthrew the ash-coloured ants, who, after
a short but obstinate conflict, retired to the bottom of

v The Natural History of Ants, by M. P. Huber, p. 249.
G
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their nest. The Rufescent ants now ascended ¢t
hillock, collected in crowds on the summit, and to
possession of the principal avenues, leaving some
their companions to work an opening in the side of t
ant-hill with their teeth. Success crowned their ente
prise, and by the newly-made breach the remainder
the army entered. Their sojourn was, however,
short duration, for in three or four minutes th
returned by the same apertures which gave the
entrance, each bearing off in its mouth a larva or
pupa.’

The expeditions generally start in the afternoc
and are from 100 to 2,000 strong.

Polyergus rufescens present a striking lesson
the degrading tendency of slavery, for these ants ha
become entirely dependent on their slaves. Ew
their bodily structure has undergone a change: t
mandibles have lost their teeth, and have become me
nippers, deadly weapons indeed, but useless except
war. They have lost the greater part of their instinet
their art, that is, the power of building; their domest
habits, for they show no care for their own young, :
this being done by the slaves; their industry—th
take no part in providing the daily supplies ; if t
colony changes the situation of its nest, the maste
are all carried by the slaves on their backs to the ne
one ; nay, they have even lost the habit of feedin
Huber placed thirty of them with some larvae and pug
and a supply of honey in a box. At first,” he say
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‘they appeared to pay some little attention to thel
larvee ; they carried them here and there, but presently
replaced them. More than one-hulf of the Amazons
died of hunger in less than two days. They had not
even traced out a dwelling, and the few ants still in
existence were languid and without strength. I com-
miserated their condition, and gave them one of their
black companions. This individual, unassisted, estab-
lished order, formed a chamber in the earth, gathered
together the larvee, extricated several young ants that
were ready to quit the condition of pupe, and preserved
the life of the remaining Amazons.’

This observation has been fully confirmed by other
naturalists. However small the prison, however large
the quantity of food, these stupid creatures will starve
in the midst of plenty rather than feed themselves.

M. Forel was kind enough to send me a nest of
Polyergus, and I kept it under observation for more
than four years. My specimens of Polyergus certainly
never fed themselves, and when the community changed
its nest, which they did several times, the mistresses
were carried from the one to the other by the slaves.
I was even able to observe one of their marauding ex-
peditions, in which, however, the slaves took a part.

I do not doubt that, as Huber tells us, specimens of
Polyergus if kept by themselves in a box would soon
die of starvation, even if supplied with food. I have,
however, kept isolated specimens for three months by
giving them a slave for an hour or two a day to clean

G 2
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and feed them: under these circumstances they re-
mained in perfect health, while, but for the slaves,
they would have perished in two or three days. Ex-
cepting the slave-making ants, and some of the Myr-
mecophilous beetles above described, I know no case
in nature of an animal having lost the instinet of
feeding.

In P. rufescens, the so-called workers, though
thus helpless and idle, are numerous, energetic. and
in some respects even brilliant. In another slave-
making ant, Strongylognathus, the workers are
much less numerous, and so weak that it is an un-
solved problem how they contrive to make slaves.
In the genus Strongylognathus there are two species,
S. huberi and S. testacews. S. hubert, which was
discovered by Forel, very much resembles Polyergus
rufescens in habits. They have sabre-like mandibles,
like those of Polyergus, and their mode of fighting is
similar, but they are much weaker insects; they make
slaves of Tetramorium ceespitum, which they carry off
as pupe. In attacking the Tetramoriums they seize
them by the head with their jaws, just in the same
way as Polyergus, but have not strength enough to
pierce them as the latter do. Nevertheless, the Tetra-
moriwms seem much afraid of them.

The other species, Strongylognathus testaceus, is
even weaker than S. huberi, and their mode of life is
still in many respects an enigma. They also keep the
workers of Tetramorium in, so to say, a state of
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slavery, but how they procure the slaves is still a
mystery. They fight in the same manner as Polyergus;
but yet Schenk, Von Hagens, and Forel all agree that
they are no match for the Tetramoriums, a courageous
species, and one which lives in lurge communities. On
one occasion Forel brought a nest of Tetramorium
and put it down very near one of Strongylogna-
thus testaceus with Tetramorium slaves. A battle at
once commenced between the two communities. The
Strongylognathus rushed boldly to the fight, but,
though their side won the day, this was mainly due
to the slaves. The Strongylognathus themselves were
almost all killed ; and though the energy of their attack
seemed at first to disconcert their opponents, Forel
assures us that they did not succeed in killing even a
single Tetramorium. In fact, as Forel graphically
observes, Strongylognathus is ‘une triste caricature"
of Polyergus, and it seems almost impossible that by
themselves they could successfully attack a nest of
Tetramorium. Moreover, in Strongylognathus, the
workers are comparatively few. Nevertheless, they are
always found with the Tetramoriums, and in these
mixed nests there are no males or females of Tetra-
mortum, but only those of Strongylognathus. Again,
the whole work of the nest is done by the slaves,
though Strongylognathus has not, like Polyergus,
entirely lost the power of feeding itself.

But if the economy of Strongylognathus is au
enigma, that of Anergates is still more mysterious.
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The genus Anergates was discovered by Schenk,'
who found a small community consisting of males,
females and workers, which he naturally supposed to
belong to one species. Mayr, however, pointed out?
that the workers were in fact workers of Tetramorium
caespitum 3 and it would appear that while in Strongy-
lognathus the workers are comparatively few, Amner-
gates differs from other ants in having no workers
at all. The males and females live with Tetramorium
caspitwm, and are in several respects very peculiar,-—
for instance, the male is wingless. One might consider
it rather a case of parasitism than of slavery, but the
difficulty is that in these mixed nests there are no males,
females, or young of Tetramorium. As to this all ob-
servers are agreed. It seems quite clear that Amner-
gates caunot procure its slaves, if such they are, by
marauding expeditions like those of Polyergus; in the
first place, because the Amergales are too few, and
secondly, because they are too weak. The whole ques-
tion is rendered still more difficult by the fact that
neither Von Hagens?® nor Forel ever found either larvee
or pupz of Tetramorium in the mixed nests. The com-
munity consisted of males and females of Anergates,
accompanied and tended by workers of Tetramorium
caspitum. The Amnergates are absolutely dependent

! ‘Die Nassauischen Ameisen-Species,’ Stettin Ent. Zeit. 1853,
p. 186.

? Burop. Formicide, p. 56.

 Verh. des Natur. Vereines der Preuss. Rheinlande und West-
phalens, 1867, p. 53. Seealso V. Hagens. Berl. Ent. Zeit. 1867, p. 102
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upon their slaves, and cannot even feed themselves
The whole problem is, therefore, most puzzling and
interesting.!

As regards Strongylognathus, Von Hagens made two
suggestions, the first being that this insect is really a
monstrous form of Tetramorium. This, however,
cannot at any rate be the case with Anergates. On
the whole, then, he inclined to think that perhaps the
uests containing Strongylognathus or Amergates are
only parts of a community, and that the young of the
Tetramoriums are in another nest of the same com-
munity. This would account for the absence of the
young of the Tetramoriums, but would not remove
all the difficulties. It is in other respects not
consistent with what we know of the habits of ants,
and on the whole I agree with Iorel in thinking the
suggestion untenable.

The difficulty of accounting for the numbers of
Tetramoriums, coupled with the absence of young,
was indeed almost insuperable as long as the workers
were supposed to live only for one year. My observa-
tions, however, which show that even in captivity
workers may live for as long as six years, place the ques-
tion in a different position, and give us, I think, a clue.

On the whole, I would venture to suggest that the
male and female Anergates make their way into a nest

! On the contrary, in Tomognathus sublevis, a Finland species
which lives in the nests of Zeptothoraz muscorum and L. acervorum,
the workers only are known. The male, like that of .inergates, is
wingless.
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of Tetramorium,and in some manner contrive to assas-
sinate their queen. I have shown that a nest of ante
may coutinue, even in captivity, for six years, without
a queen. If, therefore, the female of Anergates could
by violence or poison destroy the queen of the Tetra-
moriums, we should in the following year have a com-
munity composed of the two Anergates, their young,
and workers of Tetramorium, in the manner described
by Van Hagens and Forel. This would naturally not
have suggested itself to these naturalists, because if
the life of an ant had, as was formerly supposed, been
confined to a single season, it would of course have
been ouf of the question; but as we now know that
the life of ants is so much more prolonged than had
been supposed, it is at least not an impossibility.

It is conceivable that the Tetramoriums may have
gradually become harder and stronger ; the marauding
expeditions would then be less fruitful and more dan-
gerous, and might become less and less frequent. If,
then, we suppose that the females found it possible
to establish themselves in mnests of Tetramorium, the
present state of things would almost inevitably be, by
degrees, established. Thus we may explain the re-
markable condition of Strongylognathus, armed with
weapons which it is too weak to use,and endowed with
instincts which it cannot exercise.

At any rate, these four genera offer us every grada-
tion from lawless violence to contemptible parasitism.
Formica sunquinea, which may be assumed to have
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comparatively recently taken to slave-making, has not ae
yet been materially affected.

Polyergus, on the contrary, already illustrates the
lowering tendency of slavery. They have lost their
knowledge of art, their natural affection for their
young, and even their instinct of feeding! They are,
however, bold and powerful marauders.

In Strongylognathus, the enervating influence of
slavery has gone further, and told even on the bodily
strength. They are no longer able to capture their
slaves in fair and open warfare. Still they retain a
gemblance of authority, and, when roused, will fight
bravely, though in vain.

In Anergates, finally, we come to the last scene of
this sad history. We may safely conclude that in
distant times their ancestors lived, as so many ants
do now, partly by hunting, partly on honey; that by
degrees they became bold marauders, and gradually took
to keeping slaves; that for a time they maintained
their strength and agility, though losing by degrees
their real independence, their arts, and even many of
their instincts; that gradually even their bodily force
dwindled away under the enervating influence to
which they had subjected themselves, until they sank
to their present degraded condition—weak in body and
mind, few in numbers, and apparently nearly extinct,
the miserable representatives of far superior ancestors,
maintaming a precarious existence as contemptible
parasites of their former slaves.
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Lespés has given a short but interesting account
of some experiments made by him on the relations
existing between ants and their domestic animals,
from which it might be inferred that even within
the limits of a single species some communities are
more advanced than others. He states that speci-
mens of the curious blind beetle Claviger, which
always occurs with ants, when transferred from a nest
of Lasius miger to another which kept none of these
domestic beetles, were invariably attacked and eaten.
From this he infers that the intelligence necessary to
keep Clavigers is not coextensive with the species, but
belongs only to certain communities and races, which,
so to say, are more advanced in civilisation than the
rest of the species.

With reference to the statements of Lespés, I have
more than once transferred specimens of Platyarthrus
from one nest to another, and always found them
received amicably. I even placed specimens from
a nest of Lasius flavus in one of Formica fusca
with the same result. I brought from the South of
France some specimens of a different species, as yet
undescribed, and put them in a nest of Formica fusca,
where they lived for some time, and brought up more
than one brood of young. These creatures, however,
occur in most ants’ mests, while Clavigers are only
found in some.

But whether there are differences in advancement
within the limits of the same species or not, there are
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certainly considerable differences between the different
species, and one may almost fancy that we can trace
stages corresponding to the principal steps in the
history of human development.

I do not now refer to slave-making ants, which
represent an abnormal, or perhaps only a temporary
state of things, for slavery seems to tend in ants as in
men to the degradation of those by whom it is
adopted, and it is not impossible that the slave-making
species will eventually find themselves unable to com-
pete with those which are more self-dependent, and
have reached a higher phase of civilisation. But
putting these slave-making ants on one side, we find in
the different species of ants different conditions of life,
curiously answering to the earlier stages of human
progress. For instance, some species, such as Formica
fusca, live principally on the produce of the chase;
for though they feed partly on the honey-dew of
aphides, they have not domesticated these insects.
These ants probably retain the habits once common to
allants. They resemble the lower races of men, who
subsist mainly by hunting. Like them they frequent
woods and wilds, live in comparatively small communi-
ties, and the instincts of collective action are but little
developed among them. They hunt singly, and their
battles are single combats, like those of the Homeric
heroes. Such species as Lasius flavus represent a
distinctly higher type of social life; they show more
skill in architecture, may literally be said to have
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domesticated certain species of aphides, and may be
compared to the pastoral stage of human progress—to
the races which live on the produce of their flocks and
herds. Their communities are more numerous ; they
act much more in concert ; their battles are not mere
single combats, but they know how to act in combina-
tion. I am disposed to hazard the conjecture that
they will gradually exterminate the mere hunting
species, just as savages disappear before more advanced
races. Lastly, the agricultural nations may be com-
pared with the harvesting ants.

Thus there seem to be three principal types, offer-
ing a curious analogy to the three great phases—the
hunting, pastoral, and agricultural stages—in the
history of human development.
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CHAPTER V.

BEHAVIOUR TO RELATIONS,

Mr. GRro1E, in his * Fragments on Ethical Subjects,
regards it as an evident necessity that no society can
exist without the sentiment of morality. ¢ Everyone,’
he says, ¢who has either spoken or written on the sub-
ject, has agreed in considering this sentiment as ab-
soiutely indispensable to the very existence of society.
Without the diffusion of a certain measure of this feel-
ing throughout all the members of the social union,
the caprices, the desires, and the passions of each
separate individual would render the maintenance of
any established communion impossible.  Positive
morality, under some form or other, has existed in
every society of which the world has ever had ex-
perience.’

If this be so, the question naturally arises whether
ants also are moral and accountable beings. They have
their desires, their passions, even their caprices. The
young are absolutely helpless. Their communities are
sometimes so numerous, that perhaps London and
Pekin are almost the only humau cities which can
compare with them. Moreover, their nests are no mere
collections of independent individuals, nor even tem-
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porary associations like the flocks of migratory birds ;
but organised communities labouring with the utmost
harmony for the common good. The remarkable
analogies which, in so many ways, they present to our
human societies, render them peculiarly interesting to
us, and one cannot but long to know more of their
character, how the world appears to them, and to what
extent they are conscious and reasonable beings.

For my own part I cannot make use of Mr. Grote’s
argument, because I have elsewhere! attempted to show
that, even as regards man, the case is not by any means
clear. But however this may be, various observers
have recorded in the case of ants instances of attach-
ment and affection.

Forel lays it down as a general rule that if ants are
slightly injured, or rather unwell, their companions take
care of them: on the other hand, if they are badly
wounded or seriously ill, they are carried away from
the nest, and left to perish.

Latreille, also, makes the following statement:—-
‘Le sens de lodorat,” he says,? ¢se manifestant
d'une maniére aussi sensible, je voulois profiter
de cette remarque pour en découvrir le siége. On a
soupgonné depuis longtemps qu’il résidoit dans les
antennes. Je les arrachai 3 plusieurs fourmis fauves
ouvriéres, aupres du nid desquelles je me trouvois. Je
vis aussitot ces petits animaux que j’avois ainsi mutilés

' The Origin of Civilisation and the Primitive Condition of Man.
* Hist. Nat. des Pourmis, p. 41.
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tomber dans un état d’ivresse ou une espéce de folie.
[Is erroient ¢a et la, et ne reconnoissoient plus leur
chemin. Ils m’occupoient ; mais je n’étais pas le seul.
Quelques autres fourmis s’approchérent de ces pauvres
affligées, portérent leur langue sur leurs blessures, et y
laissérent tomber une goutte de liqueur. Cet acte de
sensibilité se renouvela plusieurs fois; je 1’observois
avec une loupe. Animaux compatissans! quelle legon
ne donnez-vous pas aux hommes.’

¢ Jamais,” says M. de Saint Fargeau,' ¢ une Fourmi
n’en rencontre une de son espéce blessée, sans I'enlever
et la transporter & la fourmiliére. I’y soigne-t-elle ?
Je ne sals, mais je vois dans ce fait une bienveillance
que je ne retrouve dans aucun autre insecte, méme
social.’

I have not felt disposed to repeat M. Latreille’s
experiment, and M. de St. Fargeau’s statement is I
think by no means correct ; indeed, many of my exper-
ences seem to show not only a difference of character
in the different species of ants, but that even within
the limits of the same species there are individual
differences between ants, just as between men.

I will commence with the less favourable aspect.

On one occasion (August 13) a worker of Lastus
niger, belonging to one of my nests, had got severely
wounded, but not so much so that she could not feed s
for though she had lost five of her tarsi, finding herself
pear some syrup, she crept to it and began to feed. 1

\ Hist. Nat. des Ins. Hyménoptéres, vol. i. p. 99.



96 EXPERIMENTS.

laid her gently on her back close to the entrance into
the nest. Soon an ant came up to the poor sutferer,
crossed antenne with her for a moment, then went
quietly on to the syrup and began to feed. Afterwards
three other ants did the same ; but none took any more
notice of her.

August 15.—T found at 1 p.M.a Myrmica ruginodis
which, probably in a fight with another ant, had
lost the terminal portion of both her antennz. She
seemed to have lost her wits. I put her into her
nest ; but the others took no notice of her; and after
wandering about a little, she retired into a solitary place,
where she remained from 3 p.M. to 8 without moving.
The following morning I looked for her at 5.30, and
found her still at the same spot. She remained there
till 9, when she came out. She remained out all day ;
and the following morning I found her dead.

Indeed, T have often been surprised that in certain
cases ants render one another so little assistance. The
tenacity with which they retain their hold on an
enemy they have once seized is well known. M.
Mocquerys even assures us that the Indians of Brazil
made use of this quality in the case of wounds ; causing
an ant to bite the two lips of the cut and thus bring
them together, after which they snip off the ant’s head,
which thus holds the lips together. He asserts that he
bas often seen natives with wounds in course of healing
with the assistance of seven or eight ants’ heads!:

U dan. Soc. Ent, France, 2 sér. tom. . p. 67,
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Now [ have often observed that some of my ants had
the heads of others hanging on to their legs for a con-
siderable time; and as this must certainly be very
inconvenient, it seems remarkable that their friends
should not relieve them of such an awkward encum-
brance.

The behaviour of ants to one another differs also
much according to circumstances; whether, for instance,
they are alone, or supported by friends. An ant which
would run away in the first case will defend herseli
bravely in the second.

If an ant is fighting with one of another species,
her friends rarely come to her assistance. They seem
generally (unless a regular battle is taking place) to
take no interest in the matter, and do not even stop to
look on. Some species, indeed, in such cases never
appear to help one another ; and even when the reverse
is the case, as for instance in the genus Lasius, the
truth seems to be that several of them attack the same
enemy—their object being to destroy the foe, rather
than to save their friend.

On one occasion several specimens of Formica fusca
belonging to one of my nests were feeding on some
honey spread on a slip of glass (May 22). One of
them had got thoroughly entangled in it. I took her
and put her down just in front of another specimen
belonging to the same nest, and close by I placed a drop
of honey. The ant devoted herself to the honey and
entirely neglected her friend, whom she left to perish.

H
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Again, some specimens of Cremastogaster scutellaris
were feeding quietly (May 22) on some honey spread on
a slip of glass, and one of them had got thoroughly
mixed in it. I took her out and put her on the glass
close by. She could not disentangle herself ; not one of
her friends took the least notice of her, and eventually
she died. I then chloroformed one, and put her on the
board among her friends. Several touched her, but
from 12 to 2.30 P.M. none took any particular notice
of her.

On the other hand, I have only on one occasion seeu
a living ant expelled from her nest. This happened in a
community of F. fusca. I observed (April 23, 1880)
an ant carrying another belonging to the same commu-
nity away from the nest. The condemned ant made a
very feeble resistance. The first ant carried her burthen
hither and thither for some time, evidently trying to
get away from the nest, which was enclosed in the usual
manner by a fur barrier. After watching for some time
I provided the ant with a paper bridge, up which she
immediately went, dropped her victim on the far side,
and returned home. Could this have been a case in
which an aged or invalid ant was being expelled from
the nest ?

I have often had ants in my nests to which mites
had attached themselves.

Thus, on October 14, 1876, I observed that one
of my ants (Formica fusca) had a mite attached
lo the underside of her head, which it almost equalled
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in size. The poor ant could not remove it hezself, and,
being a queen, never left the nest, so that I had no
opportunity of doing so. For more than three months
none of her companions performed this kind office for
her.

With reference to this part of the subject, also, I
have made some experiments.

January 3, 1876.—I immersed an ant (Lasius
niger) in water for half an hour; and when she was
then to all appearance drowned, I put her on a strip of
paper leading from one of my nests to some food. The
strip was half an inch wide; and one of my marked
ants belonging to the same nest was passing continually
to and fro over it to some food. The immersed ant lay
there an hour before she recovered herself; and during
this time the marked ant passed by eighteen times
without taking the slightest notice of her.

I then immersed another ant in the water for an
hour, after which I placed her on the strip of paper asin
the preceding case. She was three-quarters of an hour
before she recovered: during this time two marked
ants were passing to and fro; one of them went by
eighteen times, and the other twenty times; and two
other ants also went over the paper; but none of them
took the slightest notice of their drowned friend.

I then immersed another ant for an hour, and
put her on the strip of paper. She took an hour to
recover. The same two marked ants as in the previous
observation were at work. One passed thirty times, the

H 2
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other twenty-eight times, besides which five others
passed by ; but not one took the slightest notice.

I immersed three ants for eight hours, and then
put them on the strip of paper. They began to recover
in three-quarters of an hour, but were not quite them-
selves till half an hour afterwards. During the first
three-quarters of an hour two marked ants passed, each
four times ; and two others also went by. During the
following half-hour the two marked ants passed sixteen
times, and three others; but none of them took any
notice.

I immersed another ant for forty minutes, and put
her on the strip of paper. She recovered in twenty
minutes, during which time the marked ones, which
were the same as in the preceding case, went by four-
teen times without taking any notice.

I immersed two ants for ten hours, and then placed
them on the strip of paper. The same two marked ants
passed respectively eighteen and twenty-six times, and
one other passed by also without taking any notice.
After this I left off watching.

I immersed two ants for four hours, and then put
them on the strip of paper. They began to recover
in an hour, during which two marked ants, not the
same as in the preceding case, passed respectively
twenty-eight and ten times, and two others went by ;
but none of them took any notice

I immersed an ant for an hour, and then put her on
the same strip of paper asin the previous cases. A marked
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ant passed her twelve times ; three others also went by
but took no notice of lier; but, on the other hand, »
fourth picked her up and carried her off into the nest.

Again, I immersed an ant for an hour, and put her
on the strip of paper. The marked ant passed twice,
after which she did not return. Soon after, another ant
came by and, picking up the immersed one, carried
her off to the nest.

I do not bring forward these cases as proof or even as
evidence that ants are less tender to friends in distress
than previous observers have stated to be the case; but
they certainly show that tenderness is not invariably
the rule ; and, especially when taken in connexion with
the following cases, they are interesting illustrations
of the individual differences existing between ants—that
there are Priests and Levites, and good Samaritans
among them, as among men.

As evidence both of their intelligence and of their
affection for their friends, it has been said by various
observers that when ants have been accidentally buried
they have been very soon dug out and rescued by their
companions. Without for one moment doubting the
facts as stated, we must remember the habit which ants
have of burrowing in loose fresh soil, and especially their
practice of digging out fresh galleries when their nests
are disturbed.

It seemed to me, however, that it would not be
difficult to test whether the excavations made by ants
under the circumstances were the result of this general
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habit, or really due to a desire to extricate’ their
friends.

With this view I tried the following experiments :—

(1) On August 20 I placed some honey near a nest
of Lasius niger on a glass surrounded with water, and
so arranged that in reaching it the ants passed over
another glass covered with a layer of sifted earth, aboul
one-third of an inch in thickness. I then put some
ants to the honey, and by degrees a considerable num-
ber collected round it. Then at 1.30 p.M. I buried an
ant from the same nest under the earth, and left her
there till 5 P.M., when I uncovered her. She was only
just covered by the earth, and was none the worse, but
during the whole time mnot one of her friends had
taken the least notice of her.

(2) I arranged (September 1) some honey again in
the same way. At 5 p.M. about fifty ants were at the
honey, and a considerable number passing to and fro.
I then buried an ant as before, taking of course one
from the same nest. At 7 p.:. the number of ants at
the honey bad nearly doubled. At 10 p.M. they were
still more numerous, and had carried off about two-
thirds of the honey. At 7 a.M. the next morning the
honey was all gone, two or three were still wandering
about, but no notice had been taken of the prisoner,
whom I then let out. In thiscase I allowed the honey
to be finished, because I thought it might perhaps be
alleged that the excitement produced by such a treasure
distracted their attention, or even (on the principle of
doing the greatest good to the greatest number) that
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they were intelligently wise in securing a treasure of
food before they rescued their comrade, who, though
in confinement, was neither in pain nor danger. So far
as the above ants, however, are concerned, this cannot,
I think, be urged.

(3) On the 8th September I repeated the experi-
ment, burying some ants at 4 p.M.  Up to 6.3 no attempt
had been made to release them. I let them out and
buried some more. The next morning, at 7 A.M., the
honey was all gone, some ants were still wandering about,
but no notice had been taken of the captives, whom I
then liberated.

(4) I then (August 21) made exactly the same
experiment with Myrmica ruginodis, as representing
the other great family of ants, and with the same
result.

In order to test the affection of ants belonging to
the same nest for one another I tried the following
experiments. I took six ants from a nest of F.
fusca, imprisoned them in a small bottle, one end of
which was covered with a layer of muslin. I then put
the muslin close to the door of the nest. The muslin
was of open texture, the eshes, however, being
sufficiently small to prevent the ants from escaping.
They could not only, however, see one another, but
communicate freely with their antenne. We now
watched to see whether the prisoners would be tended
or fed by their friends. We could not, however,
observe that the least notice was taken of them. The
experiment, nevertheless, was less conclusive than
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could be wished, because they might have been fed at
night, or at some time when we were not looking. It
struck me, therefore, that it would be interesting te
treat some strangers also in the same manner.

On September 2, therefore, I put two ants from one
of my nests of F. fusca into a bottle, the end of which
was tied up with muslin as described, and laid it down
close to the nest. In a second bottle I put two ants
from another nest of the same species. The ants
which were at liberty took no notice of the bottle con-
taining their imprisoned fiiends. The strangersin the
other bottle, on the contrary, excited them considerably.
The whole day one, two, or more ants stood sentry, as
it were, over the bottle. In the evening no less than
twelve were collected round it, a larger number than
usually came out of the nest at any one time. The
whole of the next two days, in the same way, there
were more or less ants round the bottle containing the
strangers ; while, as far as we could see, no mnotice
whatever was taken of the friends. On the 9th the
ants had eaten through the muslin, and effected an
entrance. We did not chance to be on the spot at the
moment ; but as I found two ants lying dead, one in
the bottle and one just outside, I think there can be
no doubt that the strangers were put to death. The
friends throughout were quite neglected.

September 21.—1 then repeated the experiment,
putting three ants from another nest in a bottle as
before. The same scene was repeated. The friends
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were neglected. On the other hand, some of the ants
were always watching over the bottle containing the
strangers, and biting at the muslin which protected
them. The next morning at 6 a.m. I found five ants
thus occupied. One had caught hold of the leg of one
of the strangers, which had unwarily been allowed to
protrude through the meshes of the muslin. They
worked and watched, though not, as far as I could see,
with any system, till 7.30 in the evening, when they
effected an entrance, and immediately attacked the
strangers.

September 24.—1 repeated the same experiment
with the same nest. Again the ants came and sat over
the bottle containing the strangers, while no notice was
taken of the friends.

The next morning again, when I got up, I found
five ants round the bottle containing the strangers,
none near the friends. As in the former case, one of
the ants had seized a stranger by the leg, and was trying
to drag her through the muslin. All day the ants
clustered round the bottle, and bit perseveringly,
though not systematically, at the muslin. The same
thing happened all the following day.

These observations seemed to me sufficiently to test
the behaviour of the ants belonging to this nest under
these circumstances. I thought it desirable, however,
to try also other communities. I selected, therefore,
two other nests. One was a community of Polyergus
rufescens with numerous slaves. Close to where the
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ants of this nest came to feed, I placed as hefore two
small bottles, closed in the same way—one containing
two slave ants from the nest, the other two strangers.
These ants, however, behaved quite unlike the pre-
ceding, for they took no notice of either bottle, and
showed no sign either of affection or hatred. One is
almost tempted to surmise that the warlike spirit, of
these ants was broken by slavery.

The other nest which I tried, also a community of
Formica fusca, behaved exactly like the first. They
took no notice of the bottle containing the friends, but
clustered round and eventually forced their way into
that containing the strangers.

It seems, therefore, that in these curious insects
hatred is a stronger passion than affection.

Some of those who have done me the honour
of mnoticing my papers in the ¢Linnean Journal,
have assumed that I disputed altogether the kindly
feelings which have been attributed to ants. I
should, however, be very sorry to treat my favour-
ites so unfairly. So far as I can observe, ants of
the same nest never quarrel. I have never seen
the slightest evidence of ill-temper in any of my
nests: all is harmony. Nor are instances of active
assistance at all rare. Indeed, I have myself wit-
uessed various cases showing care and tenéerness on
their part.

In one of my nests of Formica Jusca was an ant
which had come into the world without antennc.
Never having previously met with such a case, I
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watched her with great interest; but she never ap-
peared to leave the nest. At length one day I found
her wandering about in an aimless sort of manner, and
apparently not knowing ler way at all. After a while
she fell in with some specimens of Lasius flavus, who
directly attacked her. I at once set myself to separate
them; but whether owing to the wounds she had
received from her enemies, or tomy rough, though well-
meant handling, or to both, she was evidently much
wounded, and lay helplessly on the ground. After some
time another Formica fusca from her nest came by.
She examined the poor sufferer carefully, then picked
her up carefully and carried her away into the nest.
It would have been difficult for any one who witnessed
this scene to have denied to this ant the possession of
humane feelings.

Again, in one of my nests of Formica fusca ou
January 23, 1881, I perceived a poor ant lying on her
back and quite unable to move. The legs were in
cramped attitudes, and the two antenn® rolled up in
spirals. She was, of course, altogether unable to feed
herself. After this I kept my eye on her. Several
times T tried uncovering the part of the nest where she
was. The other ants soon carried her into the shaded
part. On March 4 the ants were all out of the nest,
probably for fresh air, and had collected together in a
corner of the box; they had not, however, forgotten
her, but had carried -her with them. I took off the
glass lid of the box, and after a while they returned as
usual to the nest. taking her in again. On March 5
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she was still alive, but on the 15th, notwithstanding all
their care, she was dead !

At the present time I have two other ants perfectly
crippled in a similar manner, and quite unable to move,
which have lived in two different nests, belonging also
to F. fusca, the one for five the other for four months.

In May 1879 I gave a lecture on Ants at the Royal
Institution, and was anxious to exhibit a nest of
Lasius flavus with the queen. While preparing the
nest, on May 9, we accidentally crushed the queen.
The ants, however, did not desert her, or drag her
out as they do dead workers, but, on the contrary,
carried her with them into the new nest, and subse-
quently into a larger one with which I supplied them,
congregating round her, just as if she had been alive,
for more than six weeks, when we lost sight of her.

In order to ascertain whether ants knew their
fellows by any sign or pass word, as has been suggested
in the case of bees, I was anxious to see if they could re-
cognise them when in a state of insensibility. I tried
therefore the following experiments with some specimens
of Lasius flavus.

September 10, at 6 p.M., a number of these ants were
out feeding on some honey, placed on one of my tables,
and surrounded by a moat of water. I chloroformed
fourof them and also four from a nest in my park, at some
distance from the place where the first had been origi-
nally procured, painted them, and put them close to the
heney.  Up to 8.20 the ants had taken mo notice of
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their insensible fellow creatures. At 9.20 I found that
four friends were still lying as before, while the four
strangers had been removed. Two of them I found
had been thrown over the edge of the board on which
the honey was placed. The other two I could not see.

Again, on September 14, at 8.40, I put in the
same way four friends marked white, and four
strangers marked red, close to where my L. flavus were
out feeding on honey placed on a slip of glass over
water. For some hours they took no notice of them.
At length one took a friend, and after carrying her
about some time dropped her, at 12.40, into the water.
Some time after another took up a stranger and carried
her into the nest at 2.35. A second stranger was
similarly carried into the nest at 2.55, a third at 3.45,
while the fourth was thrown over the edge of the board
at 4.20. Shortly after this two of the strangers were
brought out of the nest again and thrown into the
water. A second friend was thrown away, like the
first, at 4.58, the third at 5.17, and the fourth at 5.46.
I could not ascertain what happened to the last stranger,
hut have little doubt that she was brought out of the
nest and thrown away like the rest.

On the following day at 6.45 I tried tlie same ex-
periment again, only reversing the colors by which they
weredistinguished. At 7 one of the strangers was carried
off and dropped over the edge of the glassinto the water,
and at 8 a second. At 8.45 a friend was taken up and,
after being carried ahout some time, was thrown into
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the moat. At 9.45 a friend was picked up and
carried into the nest, but brought out again and
thrown away about 3 in the afternoon. The other
four remained where they were placed until 8 p.M., and
though the other ants often came up and examined
them, they did not carry them off.

September 29.—Again placed nine chloroformea
ants, five friends and four strangers, close to where a
number were feeding. There was a continual stream
of ants to the honey, ten or fifteen being generally
there at once.

A strangerwas picked upat 10.20 { 22(1320‘]3 E f(in;;} 10.32
” s 10.22 ., 10.35

A friend . 11.22 ., 11.42
A stranger ,, 2 11.35 53 11.50
¢ s 11.41 ., 11.45

Shortly after the others were picked up and carried
away to the edge of the board, where they were dropped,
but none were taken into the nest.

October 2.—Again at 10 a.mM. placed ten chloro-
formed ants, five friends and five strangers, close to
where some were feeding. They were picked up and
carried off as before in the following order :—

At 11. 5 a stranger was picked up and dropped at 11.15

11.12 a friend - - 11.50
11.25 a stranger % » 11.36
12. 7 55 2 " 12.45

12.10 a friend % ’ 12,16
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At .10 a stranger was picked up and dropped at 2. 6

1.42 a friend 53 " 1.46
1.52 o3 = " 1.56
2.6 5 & % 3.10

Only one of them, and that one a stranger, was
carried into the nest at 12.45, but brought out again
at 1.10.

October 6.—At 9 a.M. again tried the same experi-
ment with four strangers and five friends.

At 9.25 a friend was picked up and dropped at 9.31

9.52 - . B 9.38
9.35 a stranger 52 = 9.45
9.45 a friend - . 952
10. 8 a stranger = " 10.17
10.17 a friend P pe 10.20
10.22 a stranger = ’ 10.25
10.28 ’ .“ ’ 10.40
10.25 a friend ’ ” 10.31

None of them were carried into the nest.

These experiments seem to prove that under such
circumstances ants, at least those belonging to this
species, do mnot carry off their friends (when thus
rendered insensible) into a place of safety.

I think, however, that in this experiment the
ants being to all intents and purposes dead, we could
not expect that any difference would be made between
friends and strangers. I therefore repeated the same
experiment, only, instead of chloroforming the ants,
I intoxicated them. Thisexperiment is more difficult,
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as it is not in all cases easy to hit off the requisite
degree of intoxication. The numbers therefore of
friends and strangers are not quite the same, because
in some cases the ants recovered too quickly and had
to be removed. In such cases I have latterly replaced
the ant so removed by another, so as to keep the
number of friends and strangers about equal. The
sober ants seemed somewhat puzzled at finding their
intoxicated fellow creatures in such a disgraceful con-
dition, took them up, and carried them about for a time
in a somewhat aimless manner.

November 20.—1 experimented with six friends
and six strangers, beginning at 11.

At 11.30 a friend was carried to the nest.

11.50 a stranger was dropped into the water.

12.30 3 » »
12.31 a friend . 93
1.10 a stranger 5 as
1,18 % » 2
127 » 2 »
1.30 a friend (partly recovered) was taken to
the nest.

2.30 a friend was taken up and carried about
till 2.55; she was then taken to the mnest, but at the
door the bearer met two other ants, which seized the
intoxicated one, carried her off, and eventually
dropped her into the water.

At 3.35 a friend was carried to the nest.
Out of these twelve, five strangers and two friends
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were dropped into the water; none of the strangers,
but three friends were taken to the nest. None of
Lthe friends were brought out of the nest again.
November 22.—Experimented in the same way on
four friends and four strangers, beginning at 12 o’clock.
At 12.16 a stranger was taken and dropped into

the water.
12.21 B o8 3
12.23 b & »
12.40 -

b »

[ then put four more strangers treated as before.
At 3.10 a stranger was taken and dropped into the
water.
3.30 . . N
3.35 " - ,
3.44 a friend (partly recovered) was taken back
to the nest.
4,10 a stranger was taken and dropped into the
water.
4.13 a friend (partly recovered) was taken back
to the nest.

In this case eight strangers were dropped into the
water, and none were taken to the nest ; two friends, on
the contrary, were taken to the nest, and none were
dropped into the water.

December 1.—Experimented with five friends and
five strangers, beginning at 2.15.

At 2.30 a stranger was dropped into the water.

3. 2 Y ”» 1
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At 3.20 a friend was taken into the nest.

3.35 a stranger was taken into the nest, but after-
wards brought out again and thrown into
the water.

3.52 ’ 3 - A

4. 51 put out four more friends and as many
strangers.

4.45 a stranger was dropped into the water.

5.10 s taken into the nest, but
afterwards brought out and
thrown into the water.

5.24 ’ taken into the mnest, but
afterwards brought out and
thrown into the water.

5.55 a friend was thrown into the water.

6. 4. a stranger 3 "
6. 4 & % -
6. 8 a friend was taken into the nest. .
6.20 5 % -
6.23 " - ”

6.30 a stranger was dropped into the water.
6.50 a friend - ’ 5

8. 5 a friend was taken into the nest.

In this case two friends were thrown into the water

and seven taken into the nest ; while six strangers were
thrown into the water and four were taken into the nest;

all of these, however, were afterwards brought out again
and thrown away.

December 8.—Experimented with six friends and six

strangers, beginning at 11.30
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At 11.30 a friend was carried to negt.
11.47
11.50
11.52 3 o
11.56 a friend was dropped into water.
11.58 a stranger
11.58 e - "
12 a stranger was carried to nest.
12. 2 .,
12, 3
I then put four more of each, and as a friend or a
stranger was carried off, replaced her by another.
At 12.45 a friend to the water.
12.58 a stranger was dropped into the water.
I afriend to the nest.

» 5y

2 9

2» "

» b

» 2 b

1 2 »

‘l ba »

1.58 i .
1.59 ., .,

2.30 a stranger to the water.
2.30 " 5

2.35 a stranger to the nest.
2.42 a stranger to the water
2.48 » n
2.51 % ”
2.52 .
2.55 a friend to the nest.
2:55 a stranger to the water.
255 .

t 2
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At 3. 2 a friend to the water.
3. 6 a stranger to the water.
3.12 a friend to the water.
3.15 - %

3.16 a friend to the ne.t.
3.22 a stranger to the water
3.25 .,

3.25 a friend to the nest.
3.35 a stranger to the water.
3.50 a friend to the nest.
350 .,

All these ants appeared quite insensible. Altogether
sixteen friends weretaken to the nest and fivethrown into
the water, while of the strangers only three were taken
to the nest, and fifteen were thrown into the water.
Moreover, as in the preceding observation, even the
three strangers which were at first taken to the nest
were soon brought out again and thrown away ; while
this was not the case with any of the friends as far as
we could ascertain, though we searched diligently for
them also. In this case also all the intoxicated ants
were motionless and apparently insensible.

Januwary 15.—Repeated the same experiment,
beginning at 12.20. Up to 7 p.M. not one of the intoxi-
cated ants had been moved. At 8.20 we found a
stranger in the water, at 9.30 another, and at the
following morning a third. The others were untouched.

January 17.—Repeated the same experiment,
beginning at 11.30.
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At 12 a friend was carried to the nest.
12.20 a stranger was dropped into the water.
12.34 a friend was carried to the nest.
12.40 a stranger was dropped into the water.
12.45 a friend was carried to the nest.
1 a stranger P 2
1 " % water
(Stopped observing till 2.)
2.30 a stranger was dropped into the water.

2.30 a stranger was carried to the nest,

4.10 ” 99 ’
4.20 a friend ’s 2
6.20 a stranger ” water.
6.35 5 9 99

Thus, then, the general results were that the ants
removed forty-one friends and fifty-two strangers. Of
the friends, thirty-two were carried into the nest and
nine were thrown into the water. Of the strangers, on
the contrary, forty-three were thrown into the water;
only nine were taken into the nest, and seven of these
were shortly afterwards brought out again and thrown
away. Indeed,I fully believe that the other two were
treated in the same manner, though we could not satisfy
ourselves of the fact. But it was only by very close
observation that the seven were detected, and the other
two may well have escaped notice.

It seems clear, therefore, that even in a condition
of insensibility these ants were recognised by their

friends.
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Tabular View.—Experiments on Chloroformed and
Intoxicated Ants.

CHLOROFORMED ANTS.
FRIENDS STRANGERS
= : T Unre-
Carried to Nest nger E(I)l\l::d Carried to Mest Wager m:;;ed
Sept. 10 4 4
e 4 | 2 2
and brought
out again
15 1 1 2 2
and brought
out again
29 5 4
Oct. 2 5 1 4
and brought
out again
6 5 4
1 20 4 3 20 2
INTOXICATED ANTS.
Nov. 20 3 2 5 1
22 2 2 8
In these cases some of the Ants had partly recovered; in the
following they were quite insensible.
Dec. 1 7 2 3 6
none brought all these
out again brought out
again
8 16 5 3 15
none brought all these
out again brought out
again
Jan. 15 4 3 1
17 4 1. 3 6
none brought one brought
out again out again
27 7 4 2 30 1
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CHAPTER VI.

RECOGNITION OF FRIENDS.

IT has been already shown that with ants, as with
bees, while the utmost harmony reigns between those
belonging to the same community, all others are
enemies. Ihave already given ample proof that a strange
ant is never tolerated in a community. This of course
implies that all the bees or ants of a community have
the power of recognising one another, a most surprising
fact, when we consider the shortness of their life and
their immense numbers. It is calculated that in a
single hive there may be as many as 50,000 bees, aud
in the case of ants the numbers are still greater. In
the large communities of Formica pratensis it is
probable that there may be as many as from 400,000
to 500,000 ants, and in other cases even these large
numbers are exceeded.

If, however, a stranger is put among the ants of
another nest, she is at once attacked. On this pomnt
I have satisfied myself, as will be seen in the following
pages, that the statements of Huber and others are
perfectly correct. If, for instance, I introduced a
stranger into one of my mnests, say of Formica fusca or
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Lasius niger, she was at once attacked. One ant would
seize her by an antenna, another by a leg, and she was
either dragged out of the nest or killed.

Moreover, we have not only to deal with the fact
that ants know all their comrades, but that they recog-
nise them even after a lengthened separation.

Huber mentions that some ants which he had kept
in captivity having accidentally escaped, ‘met and
recognised their former companions, fell to mutual
caresses with their antennse, took them up by their
mandibles, and led them to their own nests; they
came presently in a crowd to seek the fugitives under
and about the artificial ant-hill, and even ventured to
reach the bell-glass, where they effected a complete
desertion by carrying away successively all the ants
they found there. In a few days the ruche was
depopulated. These ants had remained four months
without any communication.”! This interesting state-
ment has been very naturally copied by succeeding
writers. See, for instance, Kirby and Spence’s ¢In-
troduction to Entomology, vol.ii. p. 66, and Newport,
‘Trans. of the Entomological Society of London,’
vol. ii. p. 239.

Forel, indeed, regards the movements observed by
Huber ashaving indicated fear and surprise rather than
affection ; though he is quite disposed to believe, from
his own observations, that ants would recognise one
another after a separation of several months,

! Huber, p. 172.
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The observation recorded by Huber was made
casually, and he did not take any steps to test it by
subsequent experiments. The fact, however, is of
so much importance that I determined to make
further observations on the subject. In the first place,
I may repeat that I have satisfied myself by many
experiments, that ants from one community introduced
into another,—always be it understood of the same
species,—are attacked, and either driven out or killed.
It follows, therefore, that as within the nest the waost
complete harmony prevails—indeed, I have never seen
a quarrel between sister ants—they must by some means
recognise one another.

When we consider their immense numbers this is
sufficiently surprising ; but that they should recognise
one another, as stated by Huber, after a separation of
months, is still more astonishing.

I determined therefore to repeat and extend his
observations.

Accordingly, on August 20, 1875, I divided a colony
of Myrmica ruginodis, so that one half were in one
nest, A, and the other half in another, B, and were
kept entirely apart.

On October 3, I put into nest B a stranger and
an old companion from nest A. They were marked
with a spot of colour. One of them immediately
flew at the stranger; of the friend they took no
notice.

October 18.—At 10 a.M. I put in a stranger and a
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friend from nest A. In the evening the former was
killed, the latter was quite at home.

October 19.—1 put one in a small bottle with a
friend from nest A, They did not show any enmity. I
then put in a stranger ; and one of them immediately
began to fight with her.

October 24,—1 again put into the nest a stranger
and a friend. The former was attacked, but not the
latter. The following day I found the former almost
dead, while the friend was all right.

October 31.—1I again put a stranger and a friend into
the nest. The former was at once attacked; in this
case the friend also was, for a moment, seized by the
leg, but at once released again. On the following
morning the stranger was dead, the friend was all
right.

November 7.—Again I put in a stranger and a friend.
The former was soon attacked and eventually driven
out; of the latter they did not seem to me to take any
particular notice. I could see no signs of welcome, no
gathering round a returned friend ; but, on the other
hand, she was not attacked.

Again, I separated one of my colonies of Formica
fusca into two halves on August 4, 1875, and kept
them entirely apart. From time to time I put speci-
mens from the one half back into the other. The de-
tails of this experiment will be found in the Appendix.
At first the friends were always amicably received, but
after some months’ separation they were occasionally
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attacked, as if some of the ants, perhaps the young ones,
did not recognise them. Still they were never killed,
or driven out of the nest, so that evidently when a
mistake was made, it was soon recognised. No one
who saw the different manner in which these ants and
strangers were treated, could have the slightest doubt
that the former were recognised as friends and the
latter as enemies. The last three were put back on
May 14, 1877, that is to say, after a separation of a
year and nine months, and yet they were amicably re-
ceived, and evidently recognised as friends !

These observations were all made on Formaica JSusca,
and it is of course possible that other species would
behave in a different manner.

Indeed, in this respect Lasius flavus offers a sur-
prising contrast to F. fusca. I was anxious to see
whether the colonies of this species, which are very
numerous round my house, were in friendly relations
with one another. With this view, I kept a nest of .
flavus for a day or two without food, and then gave
them some honey, to which they soon found their way
mn numbers. I then put in the midst of them an ant
of the same species from a neighbouring nest; the
others did not attack, but, on the contrary, cleaned her
—though, from the attention she excited and the
numerous communications which took place between
her and them, I am satisfied that they knew she was
10t one of themselves. After a few minutes she accom-
ranied some of the returning ants to the nest. They



124 TREATMENT OF STRANGERS.

did not drag nor apparently guide her ; but she went
with the rest freely. This I repeated several times
with the same result.

I then took four ants, two from a mest about 500
yards from the first in one direction, the other from an
equal distance in another. In all cases the result was
the same. I then got a few from a colony about half a
mile off. These also were most amicably received, and
in every case the stranger went of her own accord to
the nest. One of the strangers was, indeed, dragged
about half way to the entrance of the nest, but was
then left free and might have run away if she had
liked. She, however, after wandering about for half a
minute, voluntarily entered the nest. In one or two
cases the stranger ran as quickly and straight to the
nest as if she had been there over and over again.
This, I suppose, can only have been by scent ; and cer-
tainly no hounds in full ery could have pursued their
game more directly or with less hesitation. In other
cases, however, they were much longer before they went
in. To satisfy myself that these facts were not owing
to the nest having been taken from that of colonies or
allies, I subsequently experimented with some ants of
the same species from anest in Hertfordshire ; and they
~also behaved in a similar manner. In one or two cases
they seemed to be attacked, though so feebly that I could
not feel sure aboutit; but in no case were the ants killed.

The following fact surprised me still more. I put
an ant (Aug. 13) at 9 A.M. on a spot where a number of
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Lasius flavus (belonging to one of my nests of domesti-
cated ants) had been feeding some hours previously,
though none were there, or, indeed, out at all, at the
moment. The entrance to the nest was about eight
inches off ; but she walked straight to it and into the
nest. A second wandered about for four or five minutes,
and then went in ; a third, on the contrary, took a wrong
direction, and, at any rate for three-quarters of an hour,
did not find the entrance.

At that time, however, I did not ascertain what
became of the specimens thus introduced into a strange
community. I thought it would be worth while to
determine this, so I subsequently (1881) took six ants
from one of my nests of L. flavus, marked them, and
introduced them into another nest of the same species.
As in the preceding cases they entered quite readily ;
but though they were not at first attacked, they were
evidently recognised as strangers. The others ex-
amined them carefully, and at length they were all
driven out of the nest. Their greater readiness to enter
a strange nest may perhaps be accounted for by the fact
that, as a subterranean species their instinct always is
to conceal themselves underground, whereas, F. fusca,
a hunting species, does not do so except to enter its
own nest.

How do these ants and bees recognise their com-
panions? The difficulty of believing that in such
populous communities every individual knows every
other by sight, has led some entomologists to suppose
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that each nest had a sign or password. This was, for
instance, the opinion of Gélieu, who believed that in
each hive the bees had some common sign or password.
As evidence of this, he mentions ! that one of his hives
had been for some days robbed by the bees from
another: ‘et je désespérais de conserver cet essaim,
lorsqu'un jour, sur le soir, je le vis fort inquiet, fort
agité, comme sl eflit perdu sa reine. Les abeilles
couraient en tout sens sur le devant et le tablier de la
ruche, se flairant, se titant mutuellement, comme si
elles eussent voulu se dire quelque chose. C’était pour
changer leur signe de reconnaissance, qu’elles changérent
en effet pendant la nuit. Toutes les pillardes qui
revinrent le lendemain, furent arrétées et tuées. Plu-
sieurs échappérent aux gardes vigilantes qui défendaient
Pentrée ; elles avertirent sans doute les autres du
danger qu’elles avaient couru, et que l'on ne pouvait
plus piller impunément. Aucune de celles qui voulu-
rent recommencer leurs déprédations ne pénétra dans la
ruche, dont elles avaient fait leur proie, et qui prospéra
merveilleusement.’

Dujardin doubts the explanation given by Gélieu.
He thinks that the nest which was robbed was at that
time queenless, and that the sudden change in the
behaviour of the bees was due to their having acquired
a queen.

Burmeister, on the contrary, in his excellent
‘ Manual of Entomology,” says that ¢ the power of com-

' Le Conservatewr des Abeilles, p. 143,
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municating to their comrades what they purpose is
peculiar to insects. Much has been talked of {he
so-called signs of recognition in bees, which is said to
consist in recognising their comrades of the same hive
by means of peculiar signs. This sign serves to pre-
vent any strange bee from entering into the same hive
without being immediately detected and killed. It,
however, sometimes happens that several hives have
the same signs, when their several members rob each
other with impunity. In these cases the bees whose
hive suffers most alter their signs, and then can im-
mediately detect their enemy.’!

Others, again, have supposed ants recognise one
another by smell.

Mr. McCook states that ants more or less soaked in
water are no longer recognised by their friends, but, on
the contrary, are attacked. Describing the following
observation, he says : >—¢ I was accidentally set upon the
track of an interesting discovery. An ant fell into a
box containing water placed at the foot of a tree. She
remained in the liquid several moments and crept out.
Immediately she was seized in a hostile manner, first
by one, then another, then by a third: the two an-
tennee and one leg were thus held. A fourth ant
assaulted the middle thorax and petiole. The poor
little bather was thus dragged helplessly to and fro
for a long time, and was evidently ordained to death.

! Burmeister's Entomology, p. 502.
2 Mound-making Ants of the Alleghanies, p. 280).
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Presently I took up the struggling heap. Two of the
assailants kept their hold; one finally dropped, the
other I could not tear loose, and so put the pair back
upon the tree, leaving the doomed immersionist to her
hard fate.’

After recording one or two other similar observa-
tions, he adds:'—¢The conclusion, therefore, seems
warranted that the peculiar odour or condition by which
the ants recognise each other was temporarily destroyed
by the bath, and the individuals thus * tainted ” were
held to be intruders, alien and enemy. This con-
clusion is certainly unfavourable to the theory that any
thing like an intelligent social sentiment exists among
the auts. The recognition of their fellows is reduced
to a mere matter of physical sensation or ¢ smell.”’
This conclusion does not, I confess, seem to me to be
conclusively established.

We can hardly suppose that each ant has a pecu-
liar odour, and it seems almost equally difficult, con-
sidering the immense number of ants’ nests, to suppose
that each community has a separate and peculiar smell.
Moreover, in a previous chapter I have recorded some
experiments made with intoxicated ants. It will be
remembered that my ants are allowed to range over a
table surrounded by a moat of water. Now, as already
mentioned, out of forty-one intoxicated friends, thirty-
two were carried into the nest and nine were thrown
into the water; while out of fifty-two intoxicated

' Mound-making Ants of the Alleghanaes, p. 281,
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strangers two were taken into the nest and fifty were
thrown into the water. I think it most probable that
even these two were subsequently brought out and
treated like the rest.

It is clear, therefore, that in these species, and I
believe in most, if not all others, the ants of a com-
munity all recognise one another. The whole question
is full of difficulty. It occurred to me, however, that
experiments with pupe might throw some light on
the subject. Although all the communities are deadly
enemies, still if larvee or pupe from one nest are trans-
ferred to another, they are tended with apparently as
much care as if they really belonged to the nest. In
ant-warfare, though sex is no protection, the young are
spared, at least when they belong to the same species.
Moreover, though the habits of ants are greatly changed
if they are taken away from their nest and kept with
only a few friends, still, under such circumstances, they
will carefully tend any young who may be confided to
them. Now if the recognition were individual—if the
ants knew any one of their comrades, as we know our
friends, not only from strangers, but from one another
—then young ants taken from the nest as pupz and
restored after they had come to maturity would not
be recognised as friends. On the other hand, if the
recognition were effected by means of some signal or
password, then the pupe which were intrusted to ants
from another nest would have the password, if any, of
that nest; and not of their own. Hence in this case

K
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they would be amicably received in the mnest from
which their nurses had been taken, but not in their
own.

In the first place, therefore, I put, on September 2,
1877, some pupz from one of my nests of Formica
fusca with a couple of ants from the same nest. On
the 27th I put two of the ants, which in the meantime
had emerged from these pupz, back into their own
nest at 8.30 A.M., marking them with paint as usual
At 9 they seemed quite at home; at 9.30, ditto; at
10, ditto; and they were nearly cleaned. After that
I could not distinguish them.

On the 29th another ant came out of the pupa-
state; and on October 1 at 7.45 I put her back into
the nest. She seemed quite at home, and the others
soon began to clean her. We watched her from time
to time, and she was not attacked ; but, the colour
being removed, we could not recognise her after 9.30.

On July 14 last year (1878) I put into a small glass
some pup® from another nest of Formica fusca with
two friends.

On August 11 I put four of the young ants which
bad emerged from these pupz into the nest. After
the interval of an hour, I looked for them in vain.
The door of the nest was closed with cotton-wool ; so
that they could not have come out; and if any were
being attacked, I think we must have seen it. I
believe, therefore, that in the meantime they had been
cleaned. Still, as we did not actually watch them, I
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a8 not satisfied. I put in, therefore, two more at
P.M. At 5.30 they were all right; at 5.45, ditto,
le being almost cleaned. At 6 one was all right :
1e other was no longer recognizable, having been quite
eaned. At 6.30 also one was quite at home; the
ther could not be distinguished. At 7 both had been
ympletely cleaned.

The following day I marked another, and put her
1 at 6 AM. At 6.15 she was all right among the
thers, and also at 6.30, 7, 7.30, 8, and 9.30, after
hich I could no longer distinguish her.

Again, on the following day I put in another at
45 AM. At 7 she was quite at home, and also at
15, 7.30, 8, and to 9.30, after which I did not watch
er.

To test the mode in which the ants of this nest
ould behave to a stranger, I then, though feeling no
oubt as to the result, introduced one. The difference
as very striking. The stranger was a powerful ant
ill she was evidently uncomfortable, started away
om every ant she met, and ran nervously about,
ying to get out of the nest. She was, however, soon
stacked.

Again, on October 1 some pupe of Lasius niger
ere placed in a glass with five ants from the same
est.

On December 8 T took three of the ants which had
nerged from these pupwm, and at midday put them
ick into their old nest, having marked them by nick-

x 2
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ing the claws. Of course, under these circumstances
we could not watch the ants. I examined the nest,
however, every half hour very carefully, and am satisfied
that there was no fighting. The next morning there
was no dead ant; nor was there a death in the nest for
more than a fortnight.

December 21.—Marked three more in the same
manuner, and put them in at 11.15 A.M. Looked at
the usual intervals, but saw no fighting. The next
morning there was no dead one outside the nest; but
I subsequently found one of these ants outside, and
nearly dead. I am, however, disposed to think that I
had accidentally injured this ant.

December 23.—Painted three, and put them in at
10 AM. At 11 they were unmolested, 12 ditto, 1 ditto,
2 ditto, 3 ditto, 4 ditto, 5 ditto. At 3 I put in three
strangers for comparison: two of them were soon
attacked ; the other hid herself in a corner; but all
three were eventually dragged out of the nest. I found
1o other dead ant outside the nest for some days.

December 29.—Painted three more, and put them in
at 10.30 oM. At 11 they were unmolested, 12 ditto, 1
ditto, 2 ditto. During the afternoon they were once or
twice attacked for a minute or two, but the ants seemed
soon to perceive the mistake, and let them go again.
The next morning I found one dead ant, but had
no reason to suppose that she was one of the above
three. The following morning there was again only
one dead ant outside the nest ; she was the third of the
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strangers put in on the 23rd, as mentioned above, Up
to January 23 found no other dead one.

January 3, 1879.—Painted three more, and put
them in at 11.30 .M. At 12 two were all right : we
2ould not see the third ; but no ant was being attacked.
12 ditto. 1, all three are unmolested ; 2 ditto; 5
litto. As already mentioned, for some days there was
no dead ant brought out of the nest.

January 5.—Painted three more and put them in
it 11.30 a.M. At 12 two were all right among the
thers; I could not find the third; but no ant was
seing attacked. 12.30 ditto, 1 ditto, 2 ditto, 4 ditto.
Jn the following morning I found two of them all
ight among the others. There was no dead ant.

January 13.—Painted three more and put them in
it 12.30. At 1 they were all right. 2 ditto. 4, two were
imnmolested ; I could not see the third, but she was
10t being attacked. The next morning, when I looked
it the nest, one was just being carried, not dragged,
yaut. The ant carried her about 6 inches and then put
1er down, apparently quite unhurt. She soon returned
nto the nest, and seemed to be quite amicably re-
ceived by the rest. Another one of the three also
eemed quite at home. The third I could not see; but
ip to January 23 no dead one was brought out of the
1est.

January 19.—Marked the last three of these ants,
nd put them into the nest at 9.30 a.M. They were
ralched continuously up to 1. At that time two of
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them had been almost completely cleaned. One was
attacked for about a minute soon after 11, and another
a little later; but with these exceptions they were
quite amicably received, and seemed entirely at home
among the other ants.

Thus every one of these thirty-two ants was amic-
ably received.

These experiments, then, seem to prove that ants
removed from a nest in the condition of pupee, but
tended by friends, if reintroduced into the parent nest,
are recognised and treated as friends. Nevertheless
the recognition does not seem to have been complete.
In several cases the ants were certainly attacked,
though only by one or two ants, not savagely, and only
for a short time. It seemed as if, though recognised
as friends by the great majority, some few, more
ignorant or inore suspicious than the rest, had doubts
on the subject, which, however, in some manner
still mysterious, were ere long removed. The case
in which one of these marked ants was carried out of
the nest may perhaps be explained by her having been
supposed to be ill, in which case, if the malady is con-
sidered to be fatal, ants are generally brought out of
the nest.

It now remained to test the result when the pupe
were confided to the care of ants belonging toa different
nest, though, of course, the same species.

I therefore took a number of pups out of some of
my nests of Formica fusca and put them in small
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glasses, with ants from another nest, of the same species.

Now, as already mentioned, if the recognition were

effected by means of some signal or password, then, as
we can hardly suppose that the larvae or pupz would
be sufficiently intelligent to appreciate, still less to
remember it, the pupe which were intrusted to ants
from another nest would have the password, if any, of
that nest, and not of the one from which they had been
taken. Hence, if the recognition were effected by
some password or sign with the antenne, they would
be amicably received in the nest from which their
nurses had been taken, but not in their own.

I will indicate the nests by the numbers in my
note-book.

On August 26 last year I put some pupe  of
Formica fusca from one of my nests (No. 36) with two
workers from another nest of the same species. Two
emerged from the chrysalis state on the 30th ; and on
September 2 T put them, marked as usual, into their
old nest (No. 36) at 9.30 a.M. At 9.45 they seemed
quite at home, and had already been nearly cleaned.
At 10.15 the same was the case, and they were scarcely
distinguishable. After that I could no longer make
them out; but we watched the nest closely, and I
think I can undertake to say that if they had been
attacked we must have seen it.

Another one of the same batch emerged on August
18, but was rather crippled in doing so. On the 21st
[ put her into the nest (No. 36). This ant was at once
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attacked, dragged out of the nest, and dropped into the
surrounding moat of water.

Again, on July 14 last year (1878) I put some pupz
of Formica fusca from nest No. 36 into a glass with
three ants of the same species from nest No. 60.

On the 22nd I put an ant from one of these pupe
into her old nest (No. 36) at 9.30 a.M. She was at-
tacked. At 10 she was being dragged about. 10.30
ditto. I regretted she was not watched longer.

August 8.—Put another ant which had emerged
from one of these pupe into her old nest (No. 36) at
7.45 A.M. At 8 she seemed quite at home among the
others. 8.15 ditto, 8.30 ditto, 9 ditto, 9.30 ditto.

August 9.—Put two other young ants of this
batch into their old nest (No. 36) at 7 a.mM. At 7.15
they were all right. At 7.30 one of them was being
dragged by a leg, but only, Ithink, to bring her under
shelter, and was then let go. Young ants of this spe-
cies, when the nest is disturbed, are sometimes dragged
to a place of safety in this way. At 8.30 they were
all right and nearly cleaned. After this I could not
distinguish them ; but if they had been attacked, we
must have seen it.

August 11.—Put in another one as before at 8.30
AM. At 8.45 she was unmolested. At 9 she was
dragged by a leg, like the last, but not for long; and
at 9.30 she was quite comfortable amongst the others.
10 ditto, 10.45 ditto, 12 ditto, 6 ditto.

August 24.—Put in the last two ants of this lot
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as before at 9.15 A.M. At 9.30 they were unmolested.
9.45 ditto. At 10 they were almost cleaned. At 10.30
I could only distinguish one ; and she had only a speck
of colourleft. She appeared quite at home ; and though
I could no longer distinguish the other, I must have
seen it if she had been attacked.

Thus, then, out of seven ants of this batch put back
into their old nest, six were amicably received. On the
other hand, I put one into nest No. 60, from which the
three nurses were taken. She was introduced into the
nest at 8.156 A.M., and was at once attacked. 8.45, she
was being dragged about. 9 ditto, 9.15 ditto, 9.30 ditto.
Evidently therefore she was not treated as a friend.

Again, on July 14, 1878, I put some pupz of
Formica fusca from nest No. 60 with three ants from
nest No. 36.

On August 5 at 4 p.M. I put an ant which had
emerged from one of these pupe, into her old nest
(No. 60). At 4.15 she seemed quite at home. They
were already cleaning her ; and by 4.30 she wasno longer
distinguishable. We watched the nest, however, care-
fully for some time ; and I feel sure she was not attacked.

August 6.—Put another of this batch into nest
No. 60 at 7.15 a.M. At 7.30 she was not attacked. At
8, one of the ants was carefully cleaning her. At 8.15
she was quite at home among the others. At 8.30
ditto ; she was nearly cleaned. 9.30 ditto.

August 8.—Put in another as before at 7.45. At
8 she was all right.  8.30 ditto, 9.30 ditto, 9.45 ditto.
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August 9.—Put in another as before at 7 A.M. At
7.30 she is quite at home among the others, and already
nearly cleaned. At 81I could nolonger distinguish her
but certainly no ant was being attacked. 9 ditto.

August 11.-—Put in another as before at 8 .M.
At 8.15 she was quite at home. 8.30 ditto, 9 ditto,
9.30 ditto, 10 ditto, 12.30 ditto.

Awugust 13.—Lastly, I put in the remaining young
ant as before at 7 aM. At 7.15 she was unmolested.
At 7.30 ditto and nearly cleaned. At 8 T could no
longer distinguish her; but no ant was heing attacked.

Thus, then, as in the preceding experiment, these
six ants when reintroduced into the nest from which
they had been taken as pupwe, were received as friends.
On the other hand, on August 5 I put a young ant of
the same batch into nest No. 36, from which the three
nurses had been taken. She was introduced at 11 and
was at once attacked. At 11.30 she was being dragged
about, and shortly after was dragged out of the nest.
I then introduced a second; but she was at once
attacked like the first.

August 22.—I put some pupe of Formica fusca
from nest No. 64 under the charge of three ants from
nest No. 60. By September 7 several young ones had
emerged. I put two of them into nest No. 64 at
8.15 a.M. They were amicably received, as in the pre-
ceding experiments, and the ants began to clean them.
At 8.30 they were allright. 8.45 ditto. At 9 they had
been completely cleaned, so that I could not distinguisb
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them ; but there was no fighting going on in the
nest.

On the same day, at 9.45 a.m., T put into nest 64
two more as before. At 10 they were both quite at
home among the other ants. 10.15 ditto, 10.30 ditto,
11 ditto, 12 ditto, 1 ditto. I then putin a stranger ;
and she was at once fiercely attacked.

September 8.—Put in two more of the ants which
had emerged from the pupw, as before, at 9.30 a.m.
At 9.45 they were all right. 10 ditto, 10.30 ditto, 11
ditto, 11.30 ditto, 12 ditto, 1 ditto.

On the other hand, on September 14, I put one of
these ants in the same manner into nest No. 60 at 6.30
A.M. She was at once attacked. At 6.45 she was being
dragged about by an antenna. 7 ditto. At 7.30 she was
by herself in one corner. At 8.30 she was again being
dragged about. 9.30 ditto. The difference, therefore,
was unmistakable.

Once more, on July 29 I put some pupee of Formica
fusca from out of doors under the charge of three ants
from nest No. 36.

August 3.—Several had come out, and I put two
of them into the nest of their nurses (No. 36) at 2 r.m.
Both were at once attacked. At 2.45 they were being
dragged about. 3 ditto. 3.30 one was being dragged
about. 4, both were being attacked. Eventually one
was turned out of the nest. The other I lost sight of.

August 4.—Put two more of this batch into nest
No. 36, at 12.30. One was at once attacked. 1, one
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was being dragged about by an antenna. 2.30, botL
were being attacked. At 2.45 one was dragged out of
the nest.

I then put back one of the old ones ; as might have
been expected, she was received quite amicably.

I then tried the same experiment with another
species, Lasius niger. I took some pupe from two of
my nests, which I knew not to be on friendly terms,
and which I will call 1 and 2, and confided each batch
to three or four ants taken from the other nest. When
they had come to maturity I introduced them into the
nests as before.

They were taken from their nest on September 14;
and the results were as follows.

Pupe from nest 1 confided to ants from nest 2.

September 20.—Put one of the young omes into
nest 2 at 7.15 A.M. Several at once threatened her.
At 7.25 one of the ants seized her by an antenna, and
began dragging her about. 7.30, she was still being
dragged about. 8, ditto. 8.15, she was now being
dragged about by three ants. 8.30, she was still attacked.
9, ditto. At 9.15 she was dragged out of the nest.

September 23.—TPut two of the young ants into
nest 1 at 9.15 A.M. One was at once attacked, and
the other a few minutes afterwards. 9.45, both were
attacked. 10, ditto. One was now dead and hanging on
toa leg of assailant. 10.15 ditto. 10.45, both were still
being dragged about.

At 11 a.M. I put into nest 2 three more very young
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ones. At 11.10 one was attacked. At 11.20 all three
were being viciously attacked, and yet one was nearly
cleaned. At 12 one was being attacked, one was alone
in a corner, the other we could not find. At 12.10 one
was dragged out of the nest and then abandoned, on
which, to my surprise, she ran into the mnest again,
which no old ant would have done. She was at once
again seized by an antenna. At 12.30 she was still
being dragged about; the second was being cleaned.
In this instance, therefore, I think two out of the three
were eventually accepted as inmates of the next.

September 25.—Put two of the young ones into
nest 1 at 2.30 p.M. At 2.45 one was attacked, but not
viciously. 3 ditto, 3.15 ditto. No notice was taken of
the other, though several ants came upand examined her.
3.30, the first, was not attacked, the second was almost
cleaned. 4, the first has been again attacked, but not
viciously, and moreover has been partly cleaned. The
second was evidently received as a friend, and was almost
cleaned. 4.30, they are both comfortably among the
others and are almost clean. At 5 I could no longer
distinguish them.

I now pass to the other batch, namely, pupe from
nest 2 with ants from nest 1.

September 25.—Put three of the young ants into
nest 1 at 9.30 A.M. At 9.45 two were attacked, the
third was by herself. 10 ditto. At 10.15 one made her
escape from the nest. At 10.20 the third was attacked.
At 10.30 one of them was dragged out of the nest, and
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then abandoned. At 10.50 the third also was dragged
out of the nest.

I then put two of these ants and a third young one
into nest 2. At 11.15 a.M. they seemed quite happy;
but at 11.30 two were being dragged about ; the third,
who was very young, was, on the contrary, being care-
fully cleaned. At 12 this last one was undistinguish-
able ; of the other two, one was being attacked, the
second was taken no notice of, though several ants
came up to her. At 12.5 the first was dragged out of
he nest and then abandoned ; the second was being
carefully cleaned. This went on till 12.20, when the
paint was entirely removed.

September 27.—1 put in three more of these young
ants into nest 1, at 7.45 A.M. At 8 o’clock they seemed
quite at home among the other ants. A few minutes
after, one was being held by a leg ; the other two seemed
quite at home. At 8.30 one was almost cleaned, the
other I could not see. At 9 two of them were quite at
home, but I could not see the third. At 9.30 they were
both nearly cleaned ; and after that we were no longer
able to distinguish them.

Thinking the results might be different if the ants
were allowed to become older before being returned into
their nests, I made no further observations with these
Ents for two months. I then took two of the ants which
had emerged from the pupme separated on Septem-
ber 20, and which had been brought up by ants
Tom nest 2, and on November 22 I put them back
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at 12 A.M. in their old mnest (that is to say, in nest 1),
having marked them as usual, with paint. They showed
0o signs of fear, but ran about among the other ants with
every appearance of being quite at home. At 12.15ditto.
At 12.30 one was being cleaned. At 12.45 both were
being cleaned ; and by 1 o’clock they could scarcely be
distinguished from the other ants. There had not
been the slightest symptoms of hostility. After this
hour we could no longer identify them ; but the nest
was carefully watched throughout the afternoon, and T
think I can undertake to say that they were not
attacked. When we left off watching, the nest was
enclosed in a box. The next morning I examined it
carefully, to see if there were any dead bodies. This
was not the case; and I am satisfied, therefore, that
neither of these two ants was killed. To test these
ants, I then, on November 24, at 8.30 a.Mm., put into
the nest two ants from mnest 2. At 8.40 one was
attacked ; the other had hid herself away in a corner.
At 9.15 both of the ants were being dragged about. At
9.35 one was dragged out of the nest and then released,
and the other a few minutes afterwards. After watch-
ing them for some time to see that they remained out-
side, I restored them to their own nest. The contrast,
therefore, was very marked.

Again, on November 25, I took two ants which had
emerged from pupe belonging to mnest 2, removed on
September 20, and brought up by ants from nest 1,
and put them back into their old nest at 2 p.y.  They
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their nest as pup®, attended by friends and restored to
their own nest, were amicably received.

What is still more remarkable, of twenty-two ants
belonging to F. fusca, removed as pupe, attended by
strangers, and returned to their own nest, twenty were
amicably received. Asregardsone I am doubtful ; the
last was crippled in coming out of the pupa-case; and
to this perhaps her unfriendly reception may have been
due.

Of the same number of Lasius miger developed
in the same manner from pupz tended by strangers
belonging to the same species, and then returned into
their own nest, nineteen were amicably received, three
were attacked, and about two I feel doubtful.

On the other hand, fifteen specimens belonging to
the same two species, removed as pupe, tended by
strangers belonging to the same species, and then put
into the strangers’ nest, were all attacked.

The results may be tabulated as follows:—

Pupa brought up by friends PupebisngHiup by sipanggs:
and replaced in their own nest.

Put in own nest. l Putinstrangers’ nest.

Attacked 0 7t 15
Received amicably 33 37 0

The differences cannot be referred to any difference
of temperament in different nests. The specimens of
F. fusca experimented with in August and September
last were taken principally from two mnests, numbered
respectively 36 and 60. Now, while nest 36, in most

! T do not feel sure avout three of these.
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cases, amicably received ants bred from its own pup®
but tended by ants from 60, it showed itself fiercely
hostile to ants from pupz born in nest 60, even when
these had been tended by ants from nest 36. Nest 60,
again, behaved in a similar manner ; amicably receiving,
as a general rule, its own young, even when tended
by ants from 36 ; and refusing to receive ants born iu
uest 36, even when tended by specimens from nest 60.

These experiments seem to indicate that ants of the
same nest do not recognise one another by any pass-
word. On the other hand, they seem to show that if ants
are removed from a nest in the pupa-state, tended by
strangers, and then restored, some at least of their rela-
tives are puzzled, and for a time doubt their claim to con-
sanguinity. I say some, because while strangers under
the circumstances would have been immediatcly at-
tacked, these ants were in every case amicably received
by the majority of the colony, and it was sometimes
several hours before they came across one who did not
recognise them.

In all these experiments, however, the ants were
taken from the nest as pupe, and though I did not
think the fact that they had passed their larval existence
in the nest could affect the problem, still it might do
so. I determined therefore to separate a nest before
the young were born, or even the eggs laid, and then
ascertain the result. Accordingly I took one of my nests
of F. fusca, which I began watching on Sept. 13, 1878,
and which contained two queens, and on February 8,

12
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1879, divided it into halves, which I will call A and B,
so that there were approximately the same number of
ants with a queen in each division. At this season,
of course, the nest contained neither young nor even
eggs. During April both queens began to lay eggs.
On July 20 I took a number of pupa from each division
and placed each lot in a separate glass, with two ants
from the same division. On August 30 I took four
ants from the pupe bred in B, and one from those in A
(which were not quite so forward), and after marking
them as usual with paint, put the B ants into nest
A, and the A ant into nest B. They were received
amicably and soon cleaned. Two, indeed, were once
attacked for a few moments, but soon released. On
the other hand, I put two strangers into nest A, but
they were at once driven out. For facility of observa-
tion I placed each nest in a closed box. On the 31st
I carefully examined the nests and also the boxes in
which I placed them. I could only distinguish one
of the marked ants, but there were no dead ants either
in the nests or boxes.

I carefully examined the box in the same way for
several successive mornings, but there was no dead
ant. If there had been I must have found the body,
and I am sure, therefore, that these ants were not
attacked.

Again, on August 31 I put two more of the ants
which had emerged from the pupz taken out of nest
B, and nursed by ants from that nest, into nest A at
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10 AM At 10.30 a.M. they were quite comfortable
amongst the others. At 11 a.ar T looked again and
they seemed quite at home, as also at 11.30 a1, after
which for some time I looked every hour, and they
were never attacked. The next morning I found them
peaceably among the other ants.

On September 15 I put three of the ants which had
emerged from the pupz taken out of nest A, and
nursed by ants from that nest, and put them into nest
B at 1.30 p.M. They seemed to make themselves quite
at home. 1 looked again at 2.30 P.M., with the same
result. At 3.3u 2.M. I could only find two, the third
having no doubt been cleaned, but no ant was being
attacked. At 5.30 p.M. they were no longer distin-
guishable, but if any one was being attacked we must
have seen it. The next morning they all seemed quite
peaceful, and there was no dead ant in the box. I
looked again on the 17th and 19th, but could not
distinguish them. As, however, there was no dead
ant, they certainly had not been killed. I then put in
a stranger ; she was soon attacked and driven out of
the nest—showing that, as usual, they would not tole-
rate an ant whom they did not recognise as in some
way belonging to the community.

Again, on April 10, 1881, T divided a two-queened
nest of Formica fusca, leaving a queen in each half.
At that time no eggs had yet been laid, and of course
there were no larve or pupe. In due course both
queens laid eggs, and young ants were brought up in
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each half of the nest. I will call the two halves as
before A and B.

On August 15, at 9 A.M., I put three of the young
ants from A into B, and three from B into A. At
9.30 A.M. none were attacked, 10 A.M. ditto, 10.30 a.M.
ditto. One was being cleaned ; 12 a.M. ditto, 2 .M.
ditto. In fact, they seemed quite at home with the
other ants. The next morning I was unable to recog-
nise them, the paint having been entirely removed.
The ants were all peaceably together in the nest, and
there were no dead ones either in the nest or in the
outer box. It is evident, therefore, that they had
been treated as friends.

August 17.—1I put in three more from B into A at
noon. At 12.30 p.M. they were with the other ants;
at 1 p.M., ditto, at 2 p.M. ditto, at 3 p.M. ditto, at
5 p.L ditto. The following morning I was still able
to recognise them, though most of the paint had been
removed. They also were evidently treated as part of
the community.

September 19.—Put in three more from A into B
at 8.30 A.M. I looked at them at intervals of half an
hour, but none of them were attacked. Next morning
there was no ant outside the nest, nor had any been
killed.

October 10.—Put in three more at 7 .M., and
looked at intervals of an hour. They were not at-
tacked, and evidently felt themselves among friends.
The next morning I was still able to recognise two.
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There was no dead ant either in the nest or the outer
box.

Lastly, on October 15, I put in four more at 7 AM.,
and watched them all day at short intervals. They
exhibited no sign of fear, and were never attacked.
In fact, they made themselves quite at home, and were
evidently, like the preceding, recognised as friends. For
the sake of comparison at noon I again put in a stranger.
Her behaviour was in marked contrast. The preceding
ants seemed quite at home, walked about peaceably
among the other ants, and made no attempt to leave
the nest. The stranger, on the contrary, ran uneasily
about, started away from any ant she met, and made
every effort to get out of the nest. After she had
three times escaped from the unest, I put her back with
her own friends.

Thus, then, when a nest of Formica fusca was
divided early in spring, and when there were no young,
the ants produced in each half were in twenty-eight
cases all received as friends. In no case was there the
slightest trace of enmity.

These observations seem to me conclusive as far as
they go, and they are very surprising. In the previous
experiments, though the results were similar, still the
ants experimented with had been brought up in the
nest, and were only removed after they had become
pupe. It might therefore be argued that the ants
having nursed them as larve, recognized them when
they came to maturity; and though this would cer-
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tainly be in the highest degree improbable, it could
not be said to be impossible. In the present case,
however, the old ants had absolutely never seen the
young ones until the moment when, some days after
arriving at maturity, they were introduced into the
nest; and yet in twenty-one cases they were undoubt-
edly recognised as belonging to the community.

It seems to me, therefore, to be established by
these experiments that the recognition of ants is not
personal or individual; that their harmony is not
due to the fact that each ant is individually acquainted
with every other member of the community.

At the same time, the fact that they recognise
their friends even when intoxicated, and that they
know the young born in their own nest even when
they have been brought out of the chrysalis by
strangers, seems to indicate that the recognition is not
effected by means of any sign or password.
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CHAPTER VIL.

POWER OF COMMUNICATION.

THE Social Hymenoptera, according to Messrs. Kirly
and Spence,' ‘have the means of communicating to
each other information of various occurrences, and use
a kind of language which is mutually understood,
and is not confined merely to giving intel-
ligence of the approach or absence of dauger; it i
also co-extensive with all their other occasions for
communicating their ideas to each other.’

Huber assures us as regards Ants? that he has
‘frequently seen the antennz used on the field of
battle to intimate approaching danger, and to ascertain
their own party when mingled with the enemy ; they
are also employed in the interior of the ant-hill to
apprise their companions of the presence of the sun, so
favourable to the development of the larve, in their
excursions and emigrating to indicate their route, in
their recruitings to determine the time of departure,
&e. Elsewhere also he says 3 ¢ that should an Ant fall
in with any of her associates from the nest they put
her in the right way by the contact of their antennz.’

! Inmtroduction to Entomology, ii. p. 60 ? Loe, cit. p. 206.
8 Loo. cit. p. 167.
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These statements are most interesting ; and it is
much to be regretted that he has not given us in detail
the evidence on which they rest. In another passage,
indeed, he himself says,! ¢If they have a language, I
cannot give too many proofs of it.” Unfortunately,
however, the chapter which he devotes to this impor-
tant subject is very short, and occupied with general
statements rather than with the accounts of the par-
ticular experiments and observations on which those
statements rest. Nor is there any serious attempt to
ascertain the nature, character, and capabilities of this
antennal language. Even if by motions of these organs
Ants and Bees can caress, can express love, fear, anger,
&e., it does not follow that they can narrate facts or
describe localities

The facts recorded by Kirby and Spence are not
more explicit. It is therefore disappointing to read in
the chapter especially devoted to this subject, that, as
regards the power possessed by Ants and Bees to com-
municate and receive information, ¢ it is only necessary
to refer you to the endless facts in proof, furnished by
almost every page of my letters on the history of Ants
and of the Hive Bee. I shall therefore but detain you
for a moment with an additional anecdote or two,
especially with one respecting the former tribe, which
is valuable from the celebrity of the narrator.’

The first of these anecdotes refers to a Beetle
(dteuchus pilularius) which, having made for the

¥ Loc. cit. p. 205.
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reception of its eggs a pellet of dung too heavy for it
to move, ‘repaired to an adjoining heap and soon re-
turned with three of his companions. All four now
applied their united strength to the pellet, and at
length succeeded in pushing it out, which being done,
the three assistant Beetles left the spot and returned
to their own quarters.” This observation rests on the
authority of an anonymous German artist ; and though
we are assured that he was a “‘man of strict veracity,’
[ am by no means satisfied that his explanation
of what took place is correct. M. Fabre, in his
interesting ¢ Souvenirs Entomologiques,” records a
gimilar observation, but explains it in another
manner, and thus places the facts in a very different
light.

The second case is related by Kalm, on the authority
of Dr. Franklin, but again does not seem to me to justify
the conclusions drawn from it by Messrs. Kirby and
Spence. Dr. Franklin having found a number of ants
in a jar of treacle, shook them out and suspended the
jar ¢ by a string from the ceiling. By chance one ant
remained, which, after eating its fill, with some diffi-
culty found its way up the string, and, thence reaching
the ceiling, escaped by the wall to its nest. In less
than half an hour a great company of ants sallied out
of their hole, climbing the ceiling, crept along the
string into the pot and began to eat again ; this they
continued until the treacle was all consumed, one
swarm running up the string while another passed
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down. It seems indisputable that the one ant had in
this instance conveyed news of the booty to his com-
rades, who would not otherwise have at once directed
their steps in a body to the only accessible route.”’

Elsewhere, Messrs. Kirby and Spence say : >—¢ If you
scatter the ruins of an ants’nest in your apartment, you
will be furnished with another proof of their language.
The ants will take a thousand different paths, each going
by itself, to increase the chance of discovery; they will
meet and cross each other in all directions, and perhaps
will wander long before they can find a spot convenient
for their reunion. No sooner does any one discover a
little chink in the floor through which it can pass
below than it returns to its companions, and, by means
of certain motions of its antenn®, makes some of them
comprehend what route they are to pursue to find it,
sometimes even accompanying them to the spot;
these, in their turn, become the guides of others, till
all know which way to direct their steps.’

Here, however, Messrs. Kirby and Spence do not
sufficiently distinguish between the cases in which the
ants were guided, from those in which they were directed
to the place of safety. It is obvious, however, that the
power of communication implied in the latter case is
much greater than in the former.

A short but very interesting paper by Dujardin on
this subject is contained in the ¢ Annales des Sciences’
for 1852. He satisfied himself that some bees which

v Loe. cit. p. 422. ¢ Introd. to Entomology, vol. ii p. 6.
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came to honey put out by him for the purpose ‘avaient di
recevoir dans la ruche un avertissement porté par quel-
ques-unes de celles qui étaient venues isolément, soit i
dessein, soit par hasard’ That no doubt might re-
main, he tried the following experiment, which he says,
‘me parait tout-a-fait concluante. Dans Iépaisseur
d’un mur latéral 4 18 métres de distance des ruches A
et B, se trouve une niche pratiquée, suivant 'usage du
pays, pour constater la mitoyenneté, et recouverte par
un treillage et par une treille, et cechée par diverses
plantes grimpantes. J’y introduisis, le 16 novembre,
une soucoupe avec du sucre légérement humecté; puis
j’allai présenter une petite baguette enduite de sirop a
une abeille sortant de la ruche. Cette abeille s’étant
cramponnée & la baguette pour sucer le sirop, je la
transportai dans la niche sur le sucre, ol elle resta cinq
ou six minutes jusqu’a ce qu’elle se fut bien gorgée;
elle commenga alors & voler dans la niche, puis de¢i et
dela devant le treillage, la téte toujours tournée vers la
niche, et enfin elle prit son vol vers la ruche, ou elle
rentra.

¢Un quart d’heure se passa sans quil revint une
seule abeille & la niche; mais, & partir de cet instant,
elles vinrent successivement au nombre de trente, ex-
plorant la localité, cherchant l'entrée de la niche qui
avait d& leur étre indiquée, et oli 'odorat ne pouvait
nullement les guider, et, & leur tour vérifiant avant de
retourner & la ruche, les signes qui leur feraient re-

trouver cette précieuse localité ou qui leur permet-
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traient de I'indiquer 4 d’autres. Tous les jours suivants
les abeilles de la ruche A vinrent plus nombreuses &
la niche ol j’avais soin de renouveler le sucre bumecté,
et pas une seule de la ruche B n’eut le moindre
soupgon de I’»xistence de ce trésor et ne vint voler de ce
coté. Il était facile, en effet, de constater que les
premiéres se dirigeaient exclusivement de la ruche i la
niche, et réciproquement.’

It is of course clear from these observations that
the ants and bees accompanied their fortunate friends
to the stores of food which they had discovered, but
this really does not in itself imply the possession of any
great intelligence.

That ants and bees have a certain power of com-
munication cannot, indeed, be doubted. Several
striking cases are mentioned by M. Forel. For in-
stance, on one occasion an army of Amazon ants
(Polyergus rufescens) was making an expedition to
attack a mest of F. rufibarbis. They were not, how-
ever, quite acquainted with the locality. At length it
was discovered :—¢ Aussitot,” he observes, ¢ un nouveau
signal fiit donné, et toutes les amazones s’élancérent
dans cette direction.” On another occasion he says :—
‘Je mis un gros tas de 7. cwspitum d’une variété de
grande taille 4 un décimétre d’un des nids d’une
colonie de Pheidole pallidula. En un clin d’eil
Palarme fut répandue, et des centaines de Pheidole se
jetérent au-devant de I’ennemi.’

The species of Camponotus, when alarmed, ¢ non
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seulement se frappent vivement et 3 coups répétés les
uns les autres, mais en méme temps ils frappent le sol
deux ou trois fois de suite avec leur abdomen, et
répétent cet acte & de courts intervalles, ce qui pro-
duit un bruit trés marqué qu’on entend surtout bien
lorsque le nid est dans un trone d’arbre.’!

It would even seem, according to M. Forel, that
some species understand the signs of others. Thus
F sanguinea, he says,? is able to seize ¢l'instant ou
les pratensis se communiquent le signal de la déroute,
et elles savent s’apprendre cette découverte les unes
aux autres avec une rapidité incroyable. Au moment
méme ol 1’on voit les pratensis se jeter les unes contre
les autres en se frappant de quelques coups rapides,
puis cesser toute résistance et s’enfuir en masse, on
voit aussi les sanguinea se jeter tout-a-coup au milieu
d’elles, sans la plus petite retenue, mordant a droite et a
gauche comme des Polyergus, et arrachant des cocons
de toutes les pratensis qui en portent.’

M. Forel is of opinion (p. 364) that the different
species differ much in their power of communicating
with one another  Thus, though Polyergus rufescens
is rather smallex than F. samguinea, it is generally
victorious, because the ants of this species understand
one another more quickly than those of F. sanguinea.

These statements are extremely interesting, and
certainly appear to imply considerable intelligen(:*e.
If, however, his inferences are correct, and the social

! Loe. cit. p. 355. 3 Loo. oit. p. 350.
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Hymenoptera are really so highly gifted, it ought
not to be necessary for us to rely on accidental observa-
tions ; we ought to be able to test them by appropriate
experiments.

Those which I have made with reference to bees
will be described in a subsequent chapter.

Every one knows that if an ant or a bee in the course
of her rambles has found a supply of food, a number of
others will soon make their way to the store. This,
however, does not necessarily imply any power of de-
scribing localities. A very simple sign would suffice,
and very little intelligence is implied, if the other ants
merely accompany their friend to the treasure which she
has discovered. On the other hand, if the ant or bee
can describe the locality, and send her friends to the
food, the case is very different. This point, therefore,
seemed to me very important; and I have made a
number of observations bearing on it.

The following may be taken as a type of what hap-
pens under such circumstances. On June 12,1874, I
put a Lasius miger, belonging to a nest which I had
kept two or three days without food, to some honey.
She fed as usual, and then was returning to the nest,
when she met some friends, whom she proceeded to
feed. When she had thus distributed her stores, she
returned alone to the honey, none of the rest coming
with her. When she had asecond time laid in a stock
of food, she agam in the same way fed several ants on
her way towards the nest ; but this time five of those
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8o fed returned with her to the honey. In due course
“hese five would no doubt have brought others, and sa
the number at the honey would have increased.

Some species, however, act much more in association
than others—Lasius niger, for instance, much more
than Formica fusca.

In March 1877 I was staying at Arcachon. It was
a beautiful and very warm spring day, and numerous
specimens of Formica jfusca (Pl I, fig. 3) were
coursing about on the flagstones in front of our
hotel. At about 10.45 a.M. I put a raisin down before
one of them. She immediately began licking it.
and continued till 11.2 A.M.,, when she went off
almost straight to her nest, the entrance to which was
about twelve feet away. In a few minutes she came
out again, and reached the fruit, after a few wander-
ings, at about 11.18 a.M. She fed till 11.30 a.M.,
when she returned once more to the nest.

At 11.45 another ant accidentally found the fruit.
I imprisoned her.

At 11.50 the first returned, and fed till 11.56, when
she went off to the nest. On the way she met and
talked with three ants, none of whom, however, came
to the fruit. At 12.7 she returned, again alone, to the
fruit.

On the following day I repeated the same expen-
ment. The first ant went backwards and forwards
between the raisin and the nest for several hours, but
only six others found their way to it.

M
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The details of this observation will be found in the
Appendix.

Again, on July 11, 1875, I put out some pupe in a
saucer, and at 5.55 p.M. they were found by a F. fusca,
who as usual carried one off to the nest.

At 6 pr.M. she returned and took another. Again

6. 1 ” ”
6. 3 9 »
6. 4 »” ]
6. 5 » ”
6' 6 » »
6. 7 5 .
6. 8 2 2%
6. 9 3 ]
6.10 $9 »”»
6.11 ” -

" 6.12 5 .
6.14 . .,
6.15 . .
6.16 . .
6.17 ” .
6.19 " .
6.20 . .,
6.21 N )
6.23 N .
6.25 . N
6.27 : .
6.29

" 39

6.30 N N
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At 6.31 p.M. she returned and took another. Again

6'33 b3 »
6.35 b3 ) »”
6.36 ', N
6»37 3] »
6-38 L3 2
6-40 I3 L
6.4:1 93 »
6.4:5 b} "
6-47 b3 b
6o4:9 99 b4
6.50 L} 33
6-5] bY) »
6-52 bY) b3
6.53 39 2
6-55 39 ]
6.56 ” »”
6.57 9 "
7. 0 b3) 9
7. ]. b3 2
7. 2 [3) »
7. 6 3] ”

After these 45 visits, she came no more till 8 r.M.
but when I returned at 10 p.M. I found all the pup=
gone. During the time she was watched, however, she
brought no other ant to assist.

I also made similar experiments with JMyrmica
ruginodis and Lastus miger, imprisoning (as before)
all ants that came, except the marked ones, and with

o 2
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similarresults. The details were givenin the Appendix
to the earlier editions, but have now been omitted to
make way for other matter.

I then tried the following experiment:—

In figure 3, A is the ants’ mest, o the door of
the nest. M is the section of a pole on which the
whole apparatus is supported. B is a
board 2 feet long; C, D, E, and F are slips
of glass connected with the board B by
narrow strips of paper G, H, I, K is a

" movable strip of paper, 1} inch long,
:[:E'# connecting the glass ¥ with the strip B

and L is another movable strip of paper,

Fig. 3.

|

|
‘ / ’ as nearly as possible similar, connecting
Il = and 1. On each of the slips of glassc
' and F I put several hundred larve of L.
l ‘I J flavus. The object of the larve on ¢ was
to ascertain whether, under such circum-
5 stances, other ants would find the larvee acci-
i 1l dentally; and I may say at once that none
© ® ¢ didso. I then put an ant (4), whom I
had imprisoned overnight, to the larvee on F. She
took one, and, knowing her way, went straight home
over the bridge K and down the strip H. Now it
is obvious that by always causing the marked ant
(4) to cross the bridge K on a particular piece of
paper, and if at other times the papers K and L were
reversed, I should be able to ascertain whether other
ants who came 1o the larve had had the direction
and position explained to them ; or whether, having only
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been informed by A of the existence of the larve, they
found their way to them by tracking a’s footsteps. 1f the
former, they would in any case pass over the bridge ¥
by whichever strip of paper it was constituted. On
the other hand, if they found the larve by tracking,
then as the piece of paper by which A passed was
¢ransferred to L, it would mislead them and carry them
away from the larvee to 1. In every case, then, I trang-
posed the two papers forming the little bridges as
soon as the ant A had crossed over X and L.

I put her (November 7, 1875) to the larvae on r
at 6.15 aA.M. After examining them carefully, she rc-
turned to the nest at 6.34. No other ants were out ;
but she at once reappeared with four friends and
reached the larve at 6.38. None of her friends, how-
ever, crossed the bridge ; they went on to D, wandered
about, and returned home. A returned to the larve at
6.47, this time with one friend, who also went on to D
and returned without finding the larve.

7. 0. Ant A to larve.

7. 8 s An ant at 7'1O{We:tt;>\l:-r
7.17 ’ with a friend, who at 7.21 -
\ with two friends,| . .

e » { one of whom at} ot »

7.32 ’s the other at 7.35 “
with a friend who

7.39 ” {Went onto D, and} 7.41 »
then at
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7.46 Ant A to larwe,
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An ant at 7.42 {went over

LtoL
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7.54 "
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9.10 found the
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After this she did not come any more. During the
time she made, therefore, 25 visits to the larvae; 21
other ants came a distance of nearly 4 feet from the
nest and up to the point of junction within 2 inches of
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the larvae ; but only one passed over the little bridge to
the larvee, while 15 went over the bridge L to1. On
repeating this experiment with another marked ant, she
herself made 40 journeys, during which 19 other ants
found their way to the point of junction. Only 2 went
over the little bridge to the larva, 8 went over L to I,
and the remainder on to p.

In another similar experiment the marked ant made
L6 journeys; and during the same time 13 other ants
came to the point of junction. Of these 13, 6 went
on to D, 7 erossed over L to I, and not one found the
larvee. Altogether, out of 92 ants, 30 went on to D,
51 crossed over in the wrong direction to 1, and only
11 found their way to the larve,

From January 2 to January 24 (1875) I made a
series of similar observations; and during this time 56
ants came in all. Of these, 20 went straight on to
D, 26 across the paper to 1, and only Fig. 4.

10 to the larvee. A

This, I think, gives strong reason to
conclude that, under such circumstances,
ants track one another by scent. ey

I then slightly altered the arrange- B | ——
ment of the papers as shown in the n
accompanying diagram (fig. 4). 4, as 2N
before, is the nest, o being the door. ,

B is the board; A is a glass on which
are placed the larve; m is a similar glass, but empty ;
n a strip of paper: to the end of n are pinned two

I

I

l‘
il

AR
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other strips f and g, in such a manner that they can be
freely turned round, so that each can be turned at will
either to A or m. Under ordinary circumstances the
paper f, as in the figure, was turned to the larvee ; but
whenever any ant, excepting the marked one, came, I
turned the papers, so that f led to m and g to k. The
result was striking, and I give the observation in full
in the Appendix. In all, 17 ants came, every one of
whom took the wrong turn and went to m.

Although the observations above recorded seem to

Fig. 5. me almost conclusive, still T varied the
experiments once more (see fig. 5),

Al making the connexion between the
= board B and the glass containing the

8 &=——3 larve by three separate but similar
strips of paper, d, e, and f, as shown ir
| & the figure. Whenever, however, a
strange ant came, I took up the strip f
% [:]” and rubbed my finger over it two or
three times so as to remove any scent, and then re-
placed it. As soon as the stranger had reached the
paper e, I took up the strip d, and placed it so as to
connect e with the empty glass m. ThusI escaped the
necessity of changing the paper f, and yet had a scented
bridge between e and m. The details were given in
the Appendix to the earlier editions, but have now
been omitted to make way for other matter.
In this experiment the bridge over which the
marked ant passed to the larve was left in its place,
the scent, however, being removed or obscured by the
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friction of my finger ; on the other hand, the bridge (d)
had retained the scent, but was so placed as to lead
away from the larvee ; and it will be seen that, under
these circumstances, out of 41 ants which found their
way towards the larvee as far as e, 14 only passed over
the bridge f to the larvee, while 27 went over the
bridge d to the empty glass m.

Taking these observations as a whole, 150 ants
came to the point e, of which 21 only went on to the
larvee, while 95 went away to the empty glass. These
experiments, therefore, seem to show that when an
ant has discovered a store of food and others flock to
it, they are guided in some cases by sight, while in
others they track one another by scent.

I then varied the experiment as follows :—I put an
ant (L. niger) to some larve as usual, and when she knew
her way, I allowed her to go home on her own legs ; but
as soon as she emerged from the nest, if she had any
friends with her, I took her up on a bit of paper and
carried her to the larvee. Under these circumstances very
few ants indeed found their way tothem. Thus, on June
23, 1876, at 5.30, an ant which had been previously
under observation was put to some larvee. She took
one and returned as usual to the nest. At 5.34 she
came out with no less than 10 friends, and was then
transferred to the larvee. The others wandered about a
little, but by degrees returned to the nest, not one of
them finding their way to the larvee. The first ant
picked up a larva, returned, and again came out
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f the nest at 5.39 with 8 friends, when exactly
’he same thing happened. She again came out with
sompanions at the undermentioned times :—

Number of Number of

Hour, Friends. Hour. Friends.
5.44 4 6.44 —_
5.47 4 6.46 3
5.49 — 6.49 2
5.52 - 6.56 —_
5.54 5 6.59 —
5.57 2 ¥ 2 2
5.59 2 7. 4 —
6. 1 5 7. 6 3
6. 4 1 7. 8 3
6. 7 — 7.10 5
6.11 3 7.13 —
6.14 4 7.17 3
6.17 6 7.19 7
6.20 — 7.21 5
0.23 5 724 —
6.25 6 7.26 3
6.29 8 7.29 1
6.32 2 7.31 2
6.35 — .35 —-
6.42 4

Thus during these two hours more than 120 ants
ame out of the nest in company with the one under
bservation. She knew her way perfectly ; and it is
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clear that if she had been left alone, all, or at least
most of, these ants would have accompanied her to the
store of larvie. Three of them were accidentally
allowed to do so; but of the remainder, only 5 found
their way to the larve ; all the others, after wandering
about a while, returned listlessly to the nest.

One of the ants which I employed in my experi-
ments was under observation several days. I was,
however, away from home most of the day, and when I
left in the morning and went to bed at night I put her
in a bottle ; but the moment she was let out she began
to work again. On one occasion I was away for a week,
and on my return I let her out of the bottle, placing
her on a little heap of larvee about 8 feet from the
nest. Under these circumstances I certainly did not
expect her to return. However, though she had thus
been six days in confinement, the brave little creature
immediately picked up a larva, carried it off to the
nest, and, after half an hour’s rest, returned for another.

I conclude, then, that when large numbers of ants
come to food they follow one another, being also to a
certain extent guided by scent. The fact, therefore,
does not imply any considerable power of intercom-
munication. There are, moreover, some other circum-
stances which seem to show that their powers in this
respect are but limited. For instance, I have already
mentioned that if a colony of Polyergus changes the
situation of its nest, the mistresses are all carried to
the new one by the slaves. Again, if a number of F.
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18¢a are put in a box, and in one corner a dark place
fretreat is provided for them with some earth, one soon
nds her way toit. She then comes out again, and going
p to one of the others, takes her by the jaws. The
:cond ant then rolls herself into a heap, and is carried
T to the place of shelter. They then both repeat the
.me manceuvre with other ants, and so on until all their
ympanions are collected together. Now it seems to
e difficult to imagine that so slow a course would be
lopted if they possessed any considerable power of
sscriptive communication.

On the other hand, there can, I think, be no doubt
\at they do possess some power of the kind.

This seems to me clearly shown by the following
)servations, In order, if possible, to determine
hether the ants in question were brought to the
rvee, or whether they came casually, I tried (1875)
ie following experiments: I took three tapes, each
out 2 feet 6 inches long, and arranged them
irallel to one another and about 6 inches apart.
ne end of each I attached to one of my nests
.. miger), and at the other end I placed a small
ass. In the glass at the end of one tape I placed a
nsiderable number (300 to 600) of larvee. In the
cond I put two or three larvee only; in the third
me at all. The object of the last was to see whether
any ants would come to the glasses under such cir-
mstances by mere accident; and I may at once say
at but few did so. I then took two ants and
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placed one of them to the glass with many larvee, the
other to that with two or three. Each of them took a
larva and carried it to the nest, returning for another,
and so on. After each journey I put another larva in
the glass with only two or three larve, to replace that
which had been removed. Now, if other ants came
under the above circumstances as a mere matter of
accident, or accompanying one another by chance, or
if they simply saw the larve which were brought and
consequently concluded that they might themselves
also find larve in the same place, then the numbers
going to the two glasses ought to be approximately
equal. In each case the number of journeys made by
the ants would be nearly the same ; consequently, if it
was a matter of scent, the two glasses would be in the
same position It would be impossible for an ant,
seeing another in the act of bringing a larva, to judge
for itself whether there were few or many larve left
behind. On the other hand, if the friends were
brought, then it would be curious to see whether more
were brought to the glass with many larve, than to
that which only contained two or three. I should also
mention that, excepting, of course, the marked speci-
mens, every ant which came to the larve was im-
prisoned until the end of the experiment. I give the
details in the Appendix.

The results of the above experiments are shown at
a glance in the following Table :—
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wlar View of Euperiments on Power of Commumication.

Glass with many larvee Glass with one or two larvae l
oser-
tHons | mime | No.of | No,of Time | No.of | No.of
occupied | journeys | friends occupied | journeys | friends
hours hours

1 1 7 11

2 — — —_ 1 6 0

3 — — — 2 13 8

4 — — — 3 24 5

5 3 38 22 1 10 3

6 2% 32 19

7 1 5 16

8 11} 11 21 3 23 2

9 — - -— 1% 7 3
10 1 15 13 2 21 1
11 2 32 20 1 11 1
12 5 26 10
13 — — — b 19 1
14 — — — 3 20 4
15 2% 41 3 2 5 0
16 1 10 16 2% 10 2
17 4% 53 2 4% 40 10
18 -— —— — 2 20 1
19 1 11 12
20 — — — 1 6 0
21 11 20 15 4% 74 a7
22 - —_ — 1% 25 4
23 4—% 71 7
24 —_ — — 2 35 i
25 2 34 3
26 lé 35 21 2 18 0
27 2 37 9 1% 15 0
28 lé 9 10 2 14 0
29 2 37 5 1% 25 3
30 1% 9 10 2 14 0
31 2 37 5 11 25 3
32 2 24 7 1 f 0
33 3& 43 17 3%— 26 1
34 1 27 28 1 18 12
35 1 14 2 1 15 9

52 678 304 594 545 104

Py

It must be admitted that this mode of observing
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is calculated to increase the number of friends brought
by the ants to the glass with only 2 or 3 larve, for
several reasons, but especially because in many cases
an ant which had for some time had access to a glass
with many larvee was suddenly deprived of it, and it
might well be that some time elapsed before the
change was discovered. Some stray ants would, no
doubt, in any case have found the larvee; and we
may probably allow for about 25 under this head.
Again, some would, no doubt, casually accompany their
friends ; if we allow 25 also in this respect, we must
deduct 50 from each side, and we shall have 254
against 54. Nevertheless, even without any allowances,
the results seem to me very definite. Some of the
individual cases, especially perhaps experiments 9, 10,
20, 21, and 22 (see Appendix), are very striking ; and,
taken as a whole, during 52 hours, the ants which had
access to a glass containing numerous larve brought 304
friends ; while during 59 hours those which were visiting
a glass with only 2 or 3 larvee brought only 104 to
their assistance.

One case of apparent communication struck me
very much. I had had an ant (L. ntger) under obser-
vation one day, during which she was occupied in
carrying off larvee to her nest. At night I imprisoned
her in a small bottle ; in the morning I let her out at
6.15, when she immediately resumed her occupation.
Having to go to London, I imprisoned her again at
9 o'clock. When I returned at 4.40, I put her agaip
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to the larvee. She examined them carefully, but went
home without taking one. At this time no other ants
were out of the nest. In less than a minute she came
out again with 8 friends, and the little troop made
straight for the heap of larvee. When they had gone
two-thirds of the way, I again imprisoned the marked
ants; the others hesitated a few moments, and then,
with curious quickness, returned home. At 5.15 I
put her again to the larvee. She again went home
without a larva, but, after only a few seconds’ stay in
the nest, came out with no less than 13 friends. They
all went towards the larvee ; but when they got about
two-thirds of the way, although the marked ant had
on the previous day passed over the ground about 150
times, and though she had just gone straight from
the larvee to the nest, she seemed to have forgotten
her way and wandered; and after she had wandered
about for half an hour, I put. her to the larvee. Now
in this case the 21 ants must have been brought out
by my marked one; for they came exactly with her,
and there were no other ants out. Moreover, it would
seem that they must have been told, because (which
is very curious in itself) she did not in either case
bring a larva, and consequently it cannot have been
the mere sight of a larva which induced them to
follow her. I repeated an experiment similar to this
more than once.

For instance, one rather cold day, when but few
ants were out, I selected a specimen of Atta testaceo-
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pilosa, belonging to a nest which I had brought back
with me from Algeria. She was out hunting about
six feet from home, and I placed before her a large
dead bluebottle fly, which she at once began to drag
to the nest. I then pinned the fly to a piece of cork,
in a small box, so that no ant could see the fly until
she had climbed up the side of the box. The ant
struggled, of course in vain, to move the fly. She
pulled first in one direction and then in another, but,
finding her efforts fruitless, she at length started off back
to the nest empty-handed. At this time there were
no ants coming out of the nest. Probably there were
some few others out hunting, but for at least a quarter
of an hour no ant had left the nest. My ant entered
the nest, but did not remain there; in less than a
minute she emerged accompanied by 7 friends. I
never saw so many come out of that nest together
before. In her excitement the first ant soon distanced
her companions, who took the matter with much more
sang-froid, and had all the appearance of having come
out reluctantly, or as if they had been asleep and were
only half awake. The first ant ran on ahead, going
straight to the fly. The others followed slowly and
with many meanderings; so slowly, indeed, that for
twenty minutes the first ant was alone at the fly,
trying in every way to move it. Finding this still
impossible, she again returned to the nest, not chancing
to meet any of her friends by the way. Again she
emerged in less than a minute with 8 friends, and
N
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hurried on to the fly. They were even less energetie
than the first party; and when they found they had
lost sight of their guide, they one and all returned to
the nest. In the meantime several of the first detach-
ment had found the fly, and one of them succeeded ix
detaching a leg, with which she returned in triumph
to the nest, coming out again directly with 4 or 5
companions. 'These latter, with one exception, soon
gave up the chase and returned to the nest. I do not
think so much of this last case, because as the ant
carried in a substantial piece of booty in the shape of
the fly’s leg, it is not surprising that her friends should
some of them accompany her on her return; but
surely the other two cases indicate a distinct power of
communication.

Lest, however, it should be supposed that the result
was accidental, I determined to try it again. Accord-
ingly on the following day I put another large dead fly
before an ant belonging to the same nest, pinning it
to a piece of cork as before. After trying in vain for
ten minutes to move the fly, my ant started off home.
At that time I could only see two other ants of that
species outside the nest. Yet in a few seconds, con-
siderably less than a minute, she emerged with no less
than 12 friends. As in the previous case, she ran
on ahead, and they followed very slowly and by no
means directly, taking, in fact, nearly half an hour to
reach the fly. The first ant, after vainly labouring for
about a quarter of an hour to move the fly, started off
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again to the nest. Meeting one of her friends on the
way she conversed with her a little, then continued
towards the nest, but, after going about a foot, changed
her mind, and returned with her friend to the fly.
After some minutes, during which two or three other
ants came up, one of them detached a leg, which she
carried off to the nest, coming out again almost immedi-
ately with six friends, one of whom, curiously enough,
seemed to lead the way, tracing it, I presume, by scent.
[ then removed the pin, and they carried off the fly in
triumph.

Again, on June 15, 1878, another ant belonging to
the same nest had found a dead spider, about the same
distance from the nest. I pinned down the spider as
before. The ant did all in her power to move it; but
after trying for twelve minutes, she went off to the nest.
Although for a quarter of an hour no other ant had left
the nest, yet in a few seconds she came out again with
10 companions. As in the preceding case, they followed
very leisurely. She ran on ahead and worked at the
spider for ten minutes; when, as none of her friends
had arrived to her assistance, though they were wan-
dering about, evidently in search of something, she
started back home again. In three quarters of a
minute after entering the nest she reappeared, this
time with 15 friends, who came on somewhat more
rapidly than the preceding batch, though still but
slowly. By degrees, however, they all came up, and
after most persevering efforts carried off the spider

N 2
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piecemeal. On July 7, I tried the same experiment
with a soldier of Pheidole megacephala. She pulled
at the fly for no less than fifty minutes, after which she
went to the nest and brought five friends exactly as
the Atta had done.

In the same way, one afternoon at 6.20 T presented
a slave of Polyergus with a dead fly pinned down.
The result was quite different. My ant pulled at the
fly for twenty-five minutes, when, as in the previous
cases, she returned to the nest. There she remained
four or five minutes, and then came out again alone,
returned to the fly, and again tried to carry it off.
After working fruitlessly for between twenty and twenty-
five minutes, she again went back to the nest, staying
there four or five minutes, and then returning by her-
self to the fly once more. I then went away for an
hour, but on my return found her still tugging at the
fly by herself. One hour later again I looked, with the
same result. Shortly afterwards another ant wandering
about found the fly, but obviously, as it seemed to me,
by accident.

At 3 o’clock on a subsequent day I again put a dead
fly pinned on to a bit of cork before a Formica fusca,
who was out hunting. She tried in vain to carry it off,
ran round and round, tugged in every direction, and at
length at ten minutes to four she returned to the nest:
very soon after she reappeared preceded by one and
followed by two friends ; these, however, failed to dis-
cover the fly, and after wandering about a little returned



EXPERIMENT WITH FORMICA. 181

to the nest. She then set again to work alone, and in
about forty minutes succeeded in cutting off the head
of the fly, which she at once carried into the nest. In
alittle while she came out again, this time accompanied
by five friends, all of whom found their way to the fly ;
one of these, having cut off the abdomen of the fly,
took it into the nest, leaving three of her companions
to bring in the remainder of their prey.

These experiments certainly seem to indicate the
possession by ants of something approaching to lan-
guage. It is impossible to doubt that the friends were
brought out by the first ant; and as she returned
empty-handed to the nest, the others cannot have been
induced to follow her merely by observing her proceed-
ings. In face of such facts as these, it is impossible
not to ask ourselves how far are ants mere exquisite
automatons ; how far are they conscious beings? When
we see an ant-~hill, tenanted by thousands of industrious
inhabitants, excavating chambers, forming tunnels,
making roads, guarding their home, gathering food,
feeding the young, tending their domestic animals,
—each one fulfilling its duties industriously, and
without confusion,—it is difficult altogether to deny
to them the gift of reason; and the preceding observa-
tions tend to confirm the opinion that their mental
powers differ from those of men, not so much in kind
as in degree.
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CHAPTER VIIL,

ON THE SENSES OF ANTS.

The Sense of Vision.

It is, I think, generally assumed not only that the world
really exists as we see it, but that it appears to other
animals pretty much as it does to us. A little con-
sideration, however, is sufficient to show that this is
very far from being certain, or even probable.

In the case of insects, moreover, the mode of vision
is still an enigma. They have, at least many of them
have, a large compound eye on each side ; and ocelli,
generally three in number, situated on the summit of
the head. The compound eyes consist of a number of
facets, each situated at the summit of a tube, to the
base of which runs a fibre of the optic nerve.

The structure of the ocellus and that of the com-
pound eye are essentially different, and it does not seem
possible that either the ocellus should be derived from
the compound eye, or the compound eye from the ocel-
lus. On the contrary, both seem to point back to
a less developed ancestral type. Starting from such an
origin, an increase of the separate elements and an im-
provement of the lens would lead to the ocellus, while
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an increase of the number of eyes would bring us to
the compound eye.

On the other hand, it must be admitted that there
are reasons for considering the different kinds of eyes
to be of perfectly distinct origin. The eye of Limulus,
according to Grenacher, is formed on a plan quite
unlike that of other Crustacea. Again, the develop-
ment of the eye in Musca, to judge from Weismann’s
observations, is very dissimiliar from that of other
insects. The varied position of the eye in different
groups, as, for instance, in Pecten, Spondylus,
Buphausia, Onchidium, &e., point to the same con-
clusion.

It seems clear that the image produced by the
ocelli must be altogether different from the picture
given by the compound eyes; and we may therefore
reasonably conclude that the two organs have distinct
functions. It used formerly to be supposed that the
compound eyes were intended for distant, the ocelli for
near vision. Claparéde, however, has maintained the
opposite theory, while Mr. Lowne regards the ocelli as
incapable of producing ¢ anything worthy the name of
an image,” and suspects that their function ‘is the
perception of the intensity in the direction of light,
rather than vision.’

The ocelli, or simple eyes, probably see in the same
manuner as ours do. That is to say, the lens throws an
image on the back of the eye, which we call the retina.
In that case they would see everything really reversed,
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as we do ; though long practice has given us the right
impression. The simple eye of insects thus resembles
ours in this respect.

As regards the mode of vision of the compound eyes,
there are two distinet theories. According to one—-
the mosaic theory of Miiller—each facet takes in only
a small portion of the field; while according to the
other, each facet acts as a separate eye.
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