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14 ANTS.

aspects, the Formicide have also been called Heterogyna. All of the
species have retained in their development the four salient stages known
as the egg, larval, pupal and imaginal instars, which are peculiar to all
holometabolic insects. These stages and their relations to the poly-
morphism of ants will be considered in subsequent chapters. In this
and the two following chapters I shall endeavor to give a rapid survey

Fic. 1. Camponotus americanus. (Photograph by J. G. Hubbard and O. S. Strong.)
Virgin queens and major and minor workers, natural size.

of the external and internal anatomy, as these have become known to
us through the careful researches of a number of investigators, notably
Adlerz, Berlese, Dewitz, Emery, Forel, Janet, Lubbock, Meinert and
Nassonow.

The Segmentation of the Body.—There can be little doubt that the
ants are phylogenetically related, through the lower families of
Hymenoptera with the oldest and most primitive of all the existing
insects, the Blattoidea, or cock-roaches. But while the Blattoid body,
as seen, for example, in the common cock-roaches, is generalized, that
of the ants in its sharp demarcation of the head, thorax and abdomen
is highly specialized. These accentuated subdivisions enable anyone
to recognize an ant at a glance. In this respect the ants are the most
typical of insects, and may be the ones to which the terms &mvopor and
insectum were originally applied. While these and many other char-
acters make it seem a far call from the ant to its remote Blattoid
ancestors, it must be borne in mind that the individual ant still passes



































































































































































68 ANTS.

never construct elaborate earthen, paper or waxen cells for the indi-
vidual larve, and, unlike the sohitary bees and wasps, which never
see their brood, or the social bees and® wasps, whose experience is

F16. 34. Interior of a formicary to show the classification of the larvae and pupa
according to their stages. (Erm. André.)

largely confined to the heads and gaping mouths of their progeny,

the ants have acquired an extensive and uniform experience with all
the developmental stages of their species from the egg to the adult.

s it o\ " il ol S v 5







i° ANTS,

groups (Ponerine) or in species that form small colonies, as in the
opulent formicaries of the more highly specialized genera (Myrmica,
Aphenogaster, Formica, Camponotus, etc.). This ulzlh_-,iﬁu;nim-] seems
to be an expression of a need for different degrees of moisture and
temperature in different developmental stages, as Janet has shown
(1904, pp. 38, 39). He says: “ In regard to the degree of humidity
most favorable for each class of progeny, I have made the fu!hm‘it‘l}.{
observation on artificial nests of a porous substance, in which the lu-
midity was very regularly graduated, and containing a populous colony
of Myrmica rubra levinodis, with extremely numerous offspring. The

Fig. 36. Larvae of Pogonomyrmex molefaciens, magnified about z diameters,
(Driginal,)

larvee of medium and large size had been placed on the floor of a very
damp chamber. In the less humid neighboring chamber, enormous
packets of eggs were found at the bottom of the wall, and above them,
attached by their hooked hairs, were all the just-hatched larvae. All
the pupa were in the even dryer adjacent chamber.,” As the ants are
continually shifting their young about in the nest in response to
diurnal changes of moisture and temperature, bringing them nearer the
surface during the warm hours of the day and carrying them below
during the cooler nights, the classification in wild colonies is best seen
only when the weather has been unusually constant for several days.
The eggs of ants are minute bodies, hardly more than .5 mm. long
even in the largest species, and usually much smaller. They are com-
monly overlooked by the casual observer who applies the term * ants’
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So ANTS.

are black, the callows are drab or yellowish (Formica subsericea)
while in others they may be orange or deep red (Platythyrea {ruﬁttum)j
The callows of bright red ants are often sulphur yellow or orange
(Polyergus, Pogonomyrmer, Myrmica mutica), while in the yellow
species, like our North American Lasius of the subgenus Acantho-
myops, the callows are sordid white or drab (Fig. 46, a).

Fro. 46. Acanthomyeps claviger workers and cocoons, X 2. { Photograph by J.
G. Hubbard and Dr. O. S. Strong.) a, Callow workers; b, queen cocoons; remain-
ing cocoons those of workers.

The length of embryonic, larval and pupal life appears to be highly
variable and to depend very intimately on temperature. Wasmann
(1891¢) and Miss Fielde (1905¢) have shown that a rise of tempera-
ture at once induces hoth females and workers to lay and accelerates the






Fig, 48. Colony of Aphanogaster picen
(Photograph by J. G. Hubbard and 0. 5. Strong.) a, Mother queen of colony;
b, male,

with naked hrood, shghtly enlarged.
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Aidult worker larvae, semipupxe, and nude and covered pupx in wvarious
stages of pigmentation of Formica subsericea, » 2. (Photograph by 1. G. Hubbard
and Dr. O, 5, Strong.)













Fic. g1. Colony of Acanthomyops claviger, showing workers, dealated and wir-
pin females, males, worker, male and female cocoons, X z. (Photograph by I. G.

FHubbard and Dr, O. 5. Strong).



POLYMORPHISM, 59

many other insects, which made its appearance among the solitary
species, like the Tenthredinide and Cynipidae, long before the develop-
ment of social hife. Moreover, polymorphism may occur in male in-
sects which, of course, are not parthenogenetic. That parthenogenesis
is intimately connected with sexual dimorphism, at least among the

Fic. s2. Pheidole instabilis. (Original.) i Soldier:

f. typical worker (micrergate) : o, dedlated female: male
C " H [ #

-, intermediate wiorkers ;



























95 ANTS.

a huge head and mandibles, often adapted to particular functions ( fight-
ing and guarding the nest, crushing seeds or hard parts of insects),
and a thoracic structure sometimes approaching that of the female in
size or in the development of its sclerites (Pheidole).

21. The desmergate is a form intermediate between the typical
worker and dinergate, such as we find in more or less isolated genera

Fig. c9. Aphecnogaster picea, an ant with monomorphic workers. { Photograph by
7. G. Hubbard and Dr. O. S. Strong.)

of all the subfamilies except the Ponerin, e. g., in Camponotus ( Fig.
45, a), some species of Pheidole (Fig. 52, b-¢), Solenopsis and Pogo-
nomyvrmex, Asteca, Dorylus (Fig. 62, b), Eciton, etc. The term might
also be employed to designate the intermediate forms between the small
and large workers in such genera as Monomorium, Formica, etc.


















































































































































































































































































THE HABITS OF ANTS IN GENERAL. 189

above cited observation of Lincecum on the Texan harvester. I ar-
rived at Needles, California, May 23, a day or two after t}w.nuptml
flight of P. californicus. This was proved by ‘F]-ue_ tlmnsa‘mis of l?ula‘ied
females of this species, in the act of establishing their formicaries.
The country in which I observed them was the sandy bottom on the

Fig. 105. Camponotus pennsylvanicus queen with incipient colony in abandoned
cocoon of Rhagivm lineatum under pine bark, slightly enlarged. (Original,)

right bank of the Colorado River and the adjacent low escarpment of
the desert. The latter is interrupted by numerous short * draws,”
which are more or less sandy like the river bottom into which they
open. The surface of the escarpment, however, is very hard and
stony, but it, too, is furrowed by very small draws, often only a few
inches wide and containing sand washed from the surrounding sur-
faces by the winter showers. After their nuptial flight myriads of
Pogonomyrmex females had rained down owver the whole hot, dry
country for a distance of at least three miles to the south and as many
to the west of the Needles. After losing her wings, each female sought
out the regions of pure sand, avoiding the hard surfaces, and set to
work digging a hole. The earth was brought out to one side of the












ANT-NESTS. 193

save labor. The irregular form of the cavities is a characteristic so uni-
versal in ant-nests that it would seem to be preferred to a monotonous
regularity. It may be importaut, in fact, in enabling the ants to nrirnlt
themselves readily. The nest entrance is sometimes peculiarly modi-
fed to suit the needs of the various species. It may be left permanently

Fic. 106. Superficial galleries of Acanthomyeps latipes as they appear on removing
the stone that covers them. About 4 natural size. (Original.)

open and guarded by workers or soldiers, or it may be closed at night ;
it may be enlarged or constricted for the purpose of regulating the
ventilation of the cavities and preventing the inroads of enemies, it
may be adroitly concealed or exposed to view and surrounded by con-
spicuous earth-works.

Even in this prevailing and opportunistic irregularity, however,
there are singular differences of degree. The more primitive ants,
like the Ponerina, build with a certain irregularity devoid of character.
T.hc Dorylinze may hardly be said to build nests at all, but merely to
hivouac if" some convenient cavity under a stone or log, or they may
temporarily occupy the nests of other ants or dig irregular rUNWays
beneath the surface of the soil. The higher ants, however, which form

14



194 ANTS.

stationary and populous formicaries, devote a great deal of attention
to architecture and work according to a more or less definite plan,
which they skilfully modify to suit the conditions of a specific environ-
ment.

The nests of nearly all ants are the result of two different activities,
excavation and construction. Both of these may be simultaneously
pursued by the workers, or either may predominate to the complete
exclusion of the other, so that some nests are entirely excavated in soil
or wood, whereas others are entirely constructed of soil, paper or silk.
As the nests of the latter type resemble those of the social wasps, one
might be led to suppose that they represent the original ancestral form
and that the excavated are degenerate types, but the prevalence of
-arthen nests among ants of the most diverse genera in all parts of the
world, as well as the occurrence of similar nests among the solitary
bees, wasps and Mutillids, would seem to indicate that even the most

Fic. 107. Crater of Myrmecocystus semirnufius of the Mojave Desert; } natural size.
(Original.)

ancient ants practiced both methods of nesting. In other words, t?lﬁ'
variable architecture of ants may be an inheritance from presocial
ancestors and may have been well-established before these insects
came to live in communities.

The methods employed by worker ants in making their nests are
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196 ANTS,

other during March and April and again during late summer or early
autumn (September). The summer nests are built in open, sunny
places where food is abundant and the conditions most favorable to
rearing the brood, whereas the winter nests are built under stumps and

Fic. 108. Nest of Pogonomyrmerxr occidentalis at Las Vegas, New Mexica: showing
the basal entrance on the southeastern side, (Original.)

rocks usually in protected spots in the woods, and are used as hiber-
nacula, or, very rarely, for protection from excessive heat during the
summer.

The migration of ants from one nest to another is determined upon
and initiated by a few workers which are either more sensitive to
adverse conditions or of a more alert and venturesome disposition than
the majority of their fellows. These workers, after selecting a site,
begin to deport their brood, queens, males, fellow workers and even
their myrmecophiles. The deported workers are at first too strongly
attached to their old quarters to remain in the new ones and therefore
keep returning and carrying back the brood. The enterprising workers,
however, obstinately persist in their endeavors to move the colony till
their intentions are grasped and become contagious. The indecision or
indifference of many of the workers may last for days or even for
weeks, during all which time files of ants move back and forth between
the two nests carrying their larve and pupz in both directions. But
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d more workers keep joining the ranks of the radicals till the

more an 7 rad
lividuals constitute such a helpless minority that they

conservative 11c

Height 1 meter, basal diameter 3.25 m.,

(Original.)

N. T.

11118

2

[,

at Scotch Plains,

circumference

Large nest of Formica exsecloides,

ron

Fia.

are compelled to abandon the old nest and join the majority. I once
observed a colony of agricultural ants (Pononomyrmex molefaciens)









200 ANTS.

to conceal the situation of their nests. The excavated soil pellets are
therefore carried some distance from the nest opening and Hf.‘l'lil_’]'li_‘fi
about irregularly, and the entrance itself is often kept closed xa-éth a few
pebbles or so adroitly concealed in a tuft of grass or under a prostrate
leaf that it is impossible to find the nest without carefully !':ﬂ]clawin;_,r.
some worker that happens to be returning from a fm*;ugingg excursion.
[his habit of concealment is retained even by adult 1.‘{;.|lat'|i-l;‘:-% of timid
species (Dichothorax and Leptothorar). Sometimes the earthen pel-

lets are scattered over a wide circular area so as to produce what may

Fic. 110. Formica rufa nest 2.5 meters high and 0.8 meters in diameter: pine
torests of Belgium. (Photograph by G. Severin.)

be called a rudimental crater (Myrmecocystus mojave and Aphaeno-
gaster treate.) Another form of rudimental crater is seen in species
like Trachymyrmex septentrionalis, which dumps all the excavated soil
in an elliptical or crescentric heap at a distance of several inches from
the opening, and in Pogonomyrmex occidentalis and californicus, which,
on first establishing their nests, arrange the soil in a fan-shaped sector
at the opening (Fig. 165, 4). In older nests of these ants the crater is
completed by the gradual enlargement of the sector along its radii and
arc till it becomes a circle (Fig. 165, B). The typical crater which is the
commonest form of ant-nests in regions devoid of stones and is best
developed in light soil or pure sand, is often constructed with exquisite
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pebbles and vegetable detritus such as straws, twigs, pine-needles
leaves, etc. The proportions of these various constituents differ greatI}:
in the different species. In our eastern Formica exsectoides (Fig. 109)
which constructs conical mounds sometimes a metre in height and two
to three in diameter at the base, earth greatly prcclmniualus; whereas in
the European F. rufa (Fig. 110) and our western subsp. -obscuripes

Fig. 111. Mound of thatching ant (Fermica obscuripes) of Colorado, made of coarse
twigs and grasses, (Original.)

(Fig. 111) the dome-shaped nest consists of a mass of sticks or
pine-needles resting on a large crateriform earthen base. In
Pogonomyrmex molefaciens and occidentalis (Fig. 108) the mound
consists very largely of pebbles. The number and position of the
nest openings is also highly variable. In F. rufa the numerous open-
ings are scattered over the whole surface of the mound, in F.
exsectoides they are mostly aggregated in a broad belt around the
base, in molefaciens there is a single opening at or near the summit,
whereas in P. occidentalis the single entrance is situated at the base, and
almost invariably on the southern or eastern side (Fig. 108). There can
be little doubt that the mound nests of the species of Pcgonomyrmex
mentioned above have arisen from the large crater, which is the only
form of nest in most species of the genus, through stages like those
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fully 30 cm. in height and 60 cm. to 1 m. in diameter. In the Rocky
_"'.‘Immli;u'n region large mound nests of Pogonomyrmex occidentalis,
f'u:_'u.-.!:':r obscuripes, opaciventris and argentata abound, and in these
regions they are much needed for maturing the brood, as the nights are
cold in the summer and the heat of the daylight hours must be utilized.
Formica glacialis, one of the varieties of F. fusca, in Maine. makes

Fig. 112. West of Formica iniegra in a huge pine stump, showing vegetahle de-
tritus accumulated by the workers in the erevices of the bark and about the roots.

({ Original.)

true masonry domes hke the European ants, and in this region such
nests must be very useful as incubators since the summers are short and
comparatively cool.

[ am able to confirm Forel's statement that in hilly or mountainous
regions ant-nests are most abundant on the eastern and southern
slopes. e says: *“1 have observed this repeatedly and also more re-
Here, too, the same explanation applies: The

cently here in America.
During the after-

morning sun awakens and urges the ants to work.
noon it is sufficiently warm so that this stimulus is unnecessary. Hence
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Fic. 116. Gall of Helcaspis cinerosus on live oak, showing soldier of Colobopsis
eticlata closing the round hole in the gall with its head. (Original.)

same manner. The same habit 1s also seen in other ants, for example in
Camponotus sexguttatus of the American tropics. Fig. 114 shows the
ends of a couple of twigs of the sea-grape (Coccoloba uvifera) which
[ found at San Juan, Porto Rico. They have been plugged with
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gt~ f 1 . subsequently per-
ligneous carton by the nest-founding queens and ] ¥ 1
forated by the workers. £4). 2
Even more interesting is the behavior of Colobopsis etiolata when
it nests in Holcaspis galls. This ant (Fig. 115) has strongly 111;1:]'qu;1
] ] d, T (l, 5 sr-she heads which
soldiers, with peculiar truncated, roughened, stopper-shaped 8

Fic. 117. Holcaspis cinerosus gall opened to show ants and their galleries in
its woody substance. Two workers and three soldiers are shown; one of the latter
in the act of closing the hole which serves as an entrance. (Original.)

exactly fit the circular holes in the galls (Figs. 116 and 117). These
mndividuals are, therefore, told off to act as animated portals to the nest.
When a worker wishes to forage on the branches of the oak, it ap-
proaches the stationary soldier from behind and palpates its gaster.
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a couple of cones of Pinus rigida from Lakehurst, N. J., each inhabited
bv a colony of C. nearcticus. _ o e
: Suspended Nests.— The suspended nests, like the majority ot epi-
are found only in the forests of the tropics. They are

shytic plants, | :
e | arth, carton or silk, built

true constructions throughout, consisting ot eart : ;
=  fq e - g T § oF g ! : .*- § o
<o as to enclose anastomosing chambers and oalleries. I,;_n then hll"‘:j][..ﬂl €
nests, or “ ant-gardens,” were recently discovered by Ule (1905) in the
forests of Brazil (Fig. 179). They are constructed by several species of

ants (Asteca olithrix, ulei and traili and Camponotus femoratus), which

Fro. 110. MNest of Cremastogaster lineolata, made of carton and leaves:; Colorado.
L4 natural size. (Original.)

carry up particles of earth and bwld them into spherical masses, some-
times of the size and appearance of bath-sponges around the branches
of trees. According to Ule, the ants even plant the seeds of epiphytes
in this earth, so that it may be held together by the roots and thus
acquire greater consistency for the support of the enclosed galleries.
This statement is open to some doubt, as it is evident that such sus-
pended earth-masses in a humid tropical forest may easily become
seeded with epiphytes without the intervention of the ants. Ewen in
temperate regions there is a slight approach to this kind of nest in the











































































































































































ajo ANTS.

them in the nests, although he was unable to ascertain the purpose of
these activities. All doubt was removed, however, by Moggridge's
excellent work, which was carried out at Mentone in 1871 and 1872 on
Messor barbarus and structor, the very species that had been observed
by the ancients. He opened the nests of these ants and studied their
granaries, which are flat chambers connected by galleries and irregu-
larly scattered over an area sometimes nearly 2 m. in diameter and to
a depth of about 35 em. in the soil. He saw the workers collect the

seeds from the ground or even pluck them from the plants, remove

FiG. 152. Nest of Messor pergandei in Arizona desert, in a spot where the
alkali prevents the growth of nearly all plants except Sueda. The dark material at
the border of the crater is seeds and chaff rejected by the ants. In more favor-
able spots in the desert the seeds produce the ring of plants seen in Fig. 154.
(Original.)

their envelopes and cast the chaff and empty capsules on the kitchen
middens outside the nest. During the winter a nest of the average
size may contain as much as a quarter of a liter of seeds. Among the
stores in the granaries he was able to recognize seeds belonging to at
least eighteen different families of plants. In confirmation of Pliny
and Plutarch he maintains that the ants bite off the radicle to prevent
the seeds from germinating, a process which is also arrested by bring-
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ing them when damp with the rain to the surface, sprfu{i‘ing them in
the sun and then carrying them back to the granaries. Emnm_{';f the
seeds sprout, nevertheless, either in the nests or on the kitchen middens.
“ As the ants often travel some distance from their nest in search of
food, they may certainly be said to be, in a limited sense, agents in the

Fic. 153. Nest of Messor pergandei in the Arizona desert, showing circle of chaff.
( Original.)

dispersal of seeds, for they not unfrequently drop seeds by the way,
which they fail to find again, and also among the refuse matter which
forms the kitchen midden in front of their entrances, a few sound
seeds are often present, and these in many instances grow up and form
a little colony of strange plants. This presence of seedlings foreign
to the wild grounds in which the nest is usually placed, is quite a fea-
ture where there are old established colonies of Atta barbara, where
young plants of fumitory, chickweed, craneshill, Arabis Thaleana, ete.,
may be seen on or near the rubbish heap. . . . One can imagine cases
in which the ants during the lapse of long periods of time might pass
the seeds of plants from colony to colony, until after a journey of many
stages, the descendants of the ant-borne seedlings might find them-
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selves transported to ]}Lu,u far removed from the original home of their
immediate ancestors.” Moggridge also observed that not only Pheidole
pallidula but also Ph. megacephala, an Old World ant which now over-
runs the warm portions of both hemispheres, are harvesting ants.
The more recent investigations of Forel (1804a), Ern. André
(1881¢), Emery (18gga), Lameere (1902 ), Escherich (190o6), and
others have confirmed Moggridge's observations. Forel and Lameere
have studied the habits of M. barbarus and arenarius in the deserts of
North Africa. According to Forel,. the latter species, which is the
most power ful insect of that region, excavates enormous nests over an
area 7-10 m. in diameter and to a depth of 2 m., with several openings,

Fic. 154. Crater of Messor pergandei in the Arizona desert, showing ring of
herbaceous plants that have sprung up from disecarded seeds in the chaff circle.
(See Figs. 152 and 153.) (Original.)

each surmounted by a crescentic crater sometimes 50 cm. broad and
made of coarse sand pellets. The granaries are flat chambers about 15
cm. in diameter and 1.5 cm. high, connected by galleries with one
another and with the surface. Lameere believes that the area occupied
by single colonies of this ant is even greater than that given by Forel.
He also describes the harvesting habits of another Messor (M. caviceps)
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easier than to find others, T am surprised to learn that they have not
attracted the attention of other observers, [ispecially remarkable is
the tiny crater, which has the form of a cone [Fig. 151] hardly more
than 4-5 cm. in diameter and 2.5-3 cm. high. The circumference of
its funnel-shaped top is 3—4 cm. across and its margin 1s always per-
tectly circular and entire, except in nests in process of c::n.-atr'uc!iun,

Fi6. 156. Crater of Ischnomyrmex cockerelli in Arizona desert, showing the large
rough entrance, (Original.)

when 1t is at first semilunar like the very small nests of Messor are-
narins. At the bottom of the funnel the small entrance is found at a
depth of 2-3 em. It is horizontal, attaining a length of 5 ¢m., a breadth
of I cm. and a height of 5 ecm. In this first chamber the pupz are kept
for the purpose of enjoying the warmth, and here I have found a
number of workers and winged females. Thence the gallery continues
to descend to a depth of 15-20 cm. and finally opens into two or three
chambers of the same dimensions as the first. These contain pupz
and an ample provision of very small seeds. This ant is therefore
granivorous. [ surprised a few of the workers entering the nest with
seeds in their mandibles, but they go out foraging singly and not in
files like Messor and other genera. They are very slow in their move-

B










THE HARVESTING ANTS. ~drird

lowing observations : The ants of one nest were noticed to be harvesting
the seeds of Portulacca oleracea Linn, and of Amaranthus viridis
Linn.—both common weeds—and growing at a comparative distance
from the nest. These seeds had remained stored up in their nest for
some time, when rain suddenly came on, and under its influence the
seeds—especially those of the latter plant—commenced to germinate.
Of those which had already thrown out a radical, this was bitten off
and brought to the surface; some of these seeds were also gnawn into,
and the ruptured black perisperm—containing more or less food sub-
stance—in like manner rejected. Other seeds, which had swollen in
response to moisture, were carried up for the purpose of being dried
and re-stored. In the midst of these operations, however, rain came
on again, and the ants retired, leaving seeds on the surface. These
immediately germinated, and a small patch of Amaranthus grew up,
making the site of what was before a nest of harvesting ants, quite
isolated among plants of different character. On a second occasion

n
Fic. 158. Large mound nest (modified crater) of Pogonomyrmex molefaciens with
entrance in depression at summit., (Original.)

a nest, in which much seed of Eleusine indica was known to have been
harvested some months since, was dug up. Some of the grass seed
selected from the nest was afterwards sown; also some of the earth
from the nest which was known to contain both seeds of this plant and
of another species of Amaranthus. In both cases the sowings were
made in situations remote from such places in which any of these plants
were already growing, and, as a result, in the course of time, numerous
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far north as New Jersey and New York, have similar habits. I have
found a considerable number of harvesters among the species of the
dry deserts of Colorado, Texas, New Mexico, Arizona and Mexico (Ph.
coloradensis, instabilis, ceres, sitarches, soritis, waslitt, carbonaria,
etc.). Though far more peaceable, these ants often resemble S. gemi-
nata m their nesting habits. Some of them at least (FPh. instabilis,
sitarches) are certainly unable to prevent the germination of seeds in
their granaries during the wet weather. I infer, therefore, that they
do not bite off the radicle as has been claimed for the European Messor
and the Australian Pheidole. The large-headed soldiers of the numer-

v - e . s - i)

Fic. 150. Disk of Pogonomyrmer rugosus in the Arizona desert. (Original.)

Ofs carnivorous species of Pheidole function as trenchers and carve
the tough insects brought into the nest by the small, feeble workers. and
thus ma]-.:t: the soft tissues accessible to the community. .-‘mmn-;; the
seed-storing species, however, the soldiers have become the official 11111‘—-
cn:ackcrs of the colony. T have seen the workers of some of the species
(instabilis and sitarches) feeding the larvee directly --"! e -
crushed seeds. s MR

More striking are the habits of our largest harvesters belonging t
the genera Messor, Ischnomyrmexr and }’ﬂ_nj.l'r-l.IHHH‘I.'J"H.!L’..I'. 1"'&-";]1hti$
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large yellow spot at its base. It stalks about very slﬂw!}r‘ and 1s ql_.lit[:
unable to sting, but instead endeavors to defend itself with the milk-
white, faintly odorous secretion of its anal glands. Though the colo-
nies are rather populous, the workers forage singly. They carry one
another like the species of Leptothorax, the deported ant being held by
the mandibles while curling her body up over the head of her carrier.
The nests ( Fig. 156) are so large and made of such rough I'I'tattl"i:';‘ﬂs that
one can hardly believe that they can be the work of such frail insects.

Fi6. 160. Disk of Pogonomyrmer rugosus, showing one of the paths extending
off towards the upper right-hand corner of the figure. A partial ring of chaff and
rejected seeds is seen to the left of the entrance. (Original.)

They are huge craters from 60 cm. to 2 m. in diameter and from .20-.50
cm. in height, built of coarse desert soil intermingled with large pebbles
sometimes 2 cm. in diameter. The center of the crater is funnel-shaped,
with 2 great entrance of irregular outline frequently as much as 5-8
¢m. across. The galleries and chambers are proportionally large and
excavated in such hard soil and to such a depth that I have never been
able to explore them satisfactorily. Although these nests bear a cer-
tain resemblance, on a large scale, to those of Messor pergandei, they
seem even more like the work of some desert rodent or peptalens ]
albisetosus is a smaller and more opaque species, covered with abun-
dant, very coarse, white, hairs. Its nests resemble those of cockerelli,
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small percentage of the nests, and only those situated in grassy locali-
ties, present such circles. Now to state that the molefaciens, like a
provident farmer, sows this cereal and guards and weeds it for the sake
of garnering its grain, is as absurd as to say that the family cook is
planting and maintaining an orchard when some of the peach stones,
which she has carelessly thrown into the backyard with the other
kitchen refuse, chance to grow into peach trees.

There are several other facts that go to show that the circle of
grass about the molefaciens nests is an unintentional and inconstant
by-product of the activities of the ant-colony. First, the Aristida often
grows in flourishing patches far from the nests of molefaciens. Second,

4 -.—t:'l.-';_ =y I‘J",J.'I:F.-?. g .,a-"l_.a‘_,rz oo
n T Rmr ot e
o
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Fic. 163, Mound_ of Pogomomyrimex occidentalis at Las Vegas, New Mexico, show-
ing large cleared area around come. (Original,)

one often finds very flourishing ant colonies that have existed for years
in the midst of much travelled roads or in stone side-walks thirty
meters or more from any vegetation whatsoever. In these cases
the ants simply resort for their supply of seeds to the nearest field or
lawn, or pilfer the oat-bin of the nearest stable. Third, it is evident
that even a complete circle of grass like that described by Lincecum
and McCook would be entirely inadequate to supply more than a very
small fraction of the grain necessary for the support of a Hnurishin;;
CDIIGI'I:}: of these ants. Hence they are always obliged to make long
trips mnto the surrounding vegetation, and thereby wear out regular
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routine business of bringing in seeds. Later in the aft'w.ﬁ:'m:u:m Emmu?-
erable fertilized and deilated females which had sh.::auun:lmll from 1]w1r_
flight, were running hither and thither Im-‘u_ar m‘:: ;{Jl'rtuund n .-?:=:1rc_]1 of
suitable places in which to establish their formicaries. At nmightfall a
terrific shower, amounting almost to a cloud-burst, descended on the
country. When I arose the following morning the weather was clear

L

Fic. 164. Section of nest of Pogonomyrmex occidentalis, showing arrange-
ment of chambers and of some of the connecting galleries. (Photograph by G.
A, Dean.)

again, but I was unable to find a single female on the rain-scoured soil.

One and all had been swept into the streams that were booming through

the gullies and canons on their way to the Colorado River. At 1z M.

I saw about the entrance of a nest a few males and virgin females

and on digging into it detected several others, An examination of
20
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the petiole or base of the leaf which are regularly inhabited by colonies
of small ants.

4. Spaces Between or Under Leaves.—In four species of FEast
Indian palms belonging to the genus Korthalsia the spiny ochrea, or
leaf-sheath, is enlarged and boat-shaped and applied to the stem in such
a way as to enclose a cavity, which, according to Heim, is often ten-
anted by ants. Many plants with equitant or clasping leaves furnish
similar lodgings (Calamus amplectens, the banana, etc.). In tropical
America certain epiphytic Tillandsias are very generally inhabited by
ants, as I have repeatedly observed in Mexico, Florida and the West
Indies. Sometimes a single bud-like Tillandsia will contain colonies
of three or four species in the spaces between its overlapping leaves.

5. Thorns.— Several
species of Acacia, both in
Africa (4. fistulosa) and
tropical America (4. spa-
dicigera, spherocephala,
hindsii), bear pairs of
thorns which are enor-
mously enlarged or inflated
and filled with loose tissue.
The ants gnaw round holes
near the pointed tips of the
thorns, remove the tissue
and take possession of
e them as nests. :
carnosa) inhabited by ants, from Central Luzon, 6. Seed-pods.—Dried

From a specimen in the New York Botanical seed-pods of plants, after
Garden. {(Orgnal.)

the seeds have escaped or
decayed, are sometimes converted into ant lodgings. Professor C. H.
Eigenmann sent me from Cuba several colonies of Camponotus
inequalis which he found nesting in the pods of a leguminous vine.

7. Galls.—These may also be cited in this connection, though they
have been considered in a previous chapter (p. 208).

A survey of these various cases shows very clearly that ants may
take possession of any vegetable cavity which suits their convenience,
and that in the great majority of cases at least, the plants show no
adaptations to the insects. But the plants are not limited to this letting
of apartments rent-free; they are said to offer the more alluring induce-
ment of a free supply of food, both solid and liquid.

1. Floral Nectaries.—Like other Hymenoptera and insects in gen-
eral, ants are fond of visiting flowers and imbibing their nectar. The
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this plant, when growing in the Antilles, fails to develop the hollow
.~x:.':-]liin;_~_.~a in the stems. The hollow twigs of the Polygonaceous Tri-
;‘rr:_u-u. or “ palo santo,” of which some twenty Hl}l.'l:iﬂﬁ' are known, are
said to be mvariably occupied by Pseudomyrma. Of these ants Forel
(19041 ) says:* Through the investigations of Mr, Ule the fact becomes
more and more firmly established that a definite group of Pseudomyrma
species (arboris-sancte, dendroica and triplaridis) lives symbiotically
in the natural medullary cavities of Triplaris. In ESU;’: I m}':-aul't'

Fig. 181. Mound of Formica exsectoides .70 meters high and 2.46 meters in
diameter, almost completely covered with a moss (Polvtrichum commune) which
eventually envelops the summit of the nest and extinguishes the colony. (Original.)

observed in Colombia how P. arboris-sancte var. symbiotica fiercely
attacked anyone who touched the tree. Their brood filled the whole
living tree from the trunk to the smallest green branches. They seemed
to have entered this secure and ramifying domicile through a small
dead and broken branch on the lower part of the trunk.”

No doubt the various cases cited in the preceding pages are of great
interest, both to the botanist and myrmecologist, but it is equally certain
that none of them has been studied with sufficient care to warrant the
conclusions advocated by Belt, Schimper and others. The relation-
ships under discussion are all compatible with the view that the ants
have adapted themselves to the plants—plantas itaque norunt formice
—but the converse of this proposition is in most, if not in all instances,
open to doubt. Travelers and naturalists who observe for a short






JE ANTS.

either darkness or hight, upon eggs, larvie or pupa, if left for a few
days unattended in the humid atmosphere required by the ants, and
its sprouting spores may be seen on their surfaces under a magnification
of about five hundred diameters. If the spores are left undisturbed
they cover the young with a delicate dense white coat that becomes
sage-green with the ripening of the new spores. . . . This delicate
mould does not grow upon the bodies of dead ants, but 1s there replaced
by Rhyzopus nigricans, with long and spreading hyphz, and in this

Fic, 182, Old mound of Fermica exsectoides covered with vegetation and with only

Dasa

a few lingering remnants of the colony in its summit. (Original.)

may lie the cause for the carrying off and casting away of all ants that
die or are killed in the nest.”

Botanists have described several peculiar arrangements in higher
plants, such as excessive hairness, slipperiness or stickiness of the stems,
or special palisades of hairs about the floral nectaries (nectarostegia)
as means of preventing ants and other desultory arthropods from plun-
dering the secretions intended for bees and other cross-fertilizing agents.

but these arrangements, if really developed for this purpose, are often
officacions. Vosseler (1906) has recently described an African ant
which manages to get around the woolly hairs protecting the nectaries
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tions from below up through very large formicariums so that all their
underground workings were exposed to observation. I found their
nests below to consist of numerous rounded chambers, about as large
as a man's head, connected together by tunnelled passages leading from

one chamber to another. Notwithstanding that many columns of the

Fic. 190. Section of Mycetosoritis hartmani nest in pure sand: about % natural
size. Two of the chambers contain pendent fungus gardens. (Photograph by C. G.
Hartman,)

ants were continually carrying in the cut leaves, I could never find any
quantity of these in the burrows, and it was evident that they were used
up in some way immediately they were brought in. The chambers
were always about three parts filled with a speckled, brown, flocculent,
spongy-looking mass of a light and loosely connected substance.
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Throughout these masses were numerous ants hf:luuging to .ti": smallest
division of the workers, which do not engage in lt*af—cultmg,_ Along
with them were pup® and larvae, not gathered together, IJuE‘r.[}HpcrHt:tl,
apparently irregularly, throughout the flocculent mass. This 1:1?1:-;5,
which I have called the ant-food, proved, on c:-:zmlnmatmn to be com-
posed of minutely subdivided pieces of leaves, withered t.ﬂ a brm_vn
color, and overgrown and lightly connected together h}-_a minute white
fungus that ramified in every direction throughout [1, I not only
found this fungus in every chamber I opened, but also in the chambers

Fic. r91. Fungus girden of the Mycetosoritis nest shown in Fig. 190 enlarged
about 3. (Photograph by C. G. Hartman.)

of the nest of a distinct species that generally comes out only in the
night-time, often entering houses and carrying off various farinaceous
substances, and does not make mounds above its nests, but long wind-
ing passages, terminating in chambers similar to the common species
and always, like them, three parts filled with flocculent masses of
fungus-covered vegetable matter, amongst which are the ant-nurses
and immature ants. When a nest js disturbed, and the masses of ant-
food spread about, the ants are in great concern to carry away every
morsel of it under shelter again: and sometimes, when I dug into the

nest, I found the next day all the earth thrown out filled with little
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form truncated cones of dead leaves and twigs, beneath which Iﬂwy
excavate a single chamber containing a large.l fungus garden s;omttuncrf
1.5 meters long. A. mallert has similar |?a¥}115. b.nt coronata resembles
the species of the subgenus Atta s. str. forming El.E‘FEI'ElI chamherff
each with its own fungus garden. In all of these species the garden is
built up on the floor of the chamber in the form of a loose sponge-work

of triturated leaf-fragments, permeated with fungus hypha which he

T

v V -
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Fic. 193. Tower-shaped nest crater of Trachymyrmex turrifex in Texan cedar
hrake: natural size. (Photograph by A. L. Melander.)

describes as follows: “ Over all portions of the surface of the garden
are seen round, white corpuscles about .25 mm. in diameter on an
average, although some of them are fully .5 mm., and sometimes adja-
cent corpuscles fuse to form masses 1 mm. across and of irregular
form. After a little experience one learns to detect these corpuscles
with the naked eye as pale, white points which are everywhere abundant
in all nests. Under the lens they sometimes have a glistening appear-
ance like drops of water. They are absent from the youngest, most
recently established portions of the garden, but elsewhere uniformly
distributed, so that it is impossible to remove with the fingers a particle
too small to contain some of the white bodies. I call these the * kohl-
rabi clusters ' of the ants’ nests. They constitute the principal, if not
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Moeller undertook to determine the systematic i:‘”*?‘i“ﬂf‘ LZ:I.tilE Iu_n—
gus. He naturally supposed that the discovery of the truiting form
would show it to be an Asco- or Hasicli::un}iu:clc. Although he failed to
raise either of these forms from his mycelial CI,I]t.lH.!'EH, he succeeded ::m
four occasions in finding an undescribed Agaricine mushroom with
wine-red stem and pileus growing in extinct or ab.auu:lmu-_-c! Acmm_‘grruj'f,r
nests. From the basidiospores of this plant, Whlu:h he ca]le:_ll Hh.‘z:r:um
gongylophora, he succeeded in raiﬁsmg a m}-'celmn} resembling in {l]!
respects that of the ant gardens. Three of l!lm species of .-J'::'i’c‘:'H.fj'r‘iHE..L
did not hesitate to eat portions of this mycelium and of the pileus and

Fic. 105, Vestigial nest crater of Trachymyrmex septentrionalis. {Original.)
The nest entrance is at x, the pile of sand pellets shown in the lower right-hand
corner represents the crater of Atta tevana and Mallerius versicolor,

stem of the Rhozites. He believed, therefore, that he had definitively
established the specific identity of the fungus cultivated by the ants,
A careful perusal of Moeller’s observations shows an important lacuna
at this point. That his Atte ate portions of the pileus and stem of the
Rhozites does not prove that it is the fruiting form belonging to the
fungus they habitually cultivate and eat. Nor is Moeller on much
surer ground when he assumes that the mycelia cultivated by different
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describes the behavior of the young queen in greater detail and is able
to trace the development of the colony up to the hatching of the first
brood of workers. He finds that the female expels the pellet from her
buccal pocket the day following the nuptial flight. It is a little mass
.5 mm. in diameter, white, yellowish or even black in color, and con-
sists of fungus hyphz imbedded in the substances collected from the
ant’s body by means of the strigils on her fore feet and thence depos-
ited in her mouth. By the third day six to ten eggs are laid. At this
time also the pellet begins to send out hypha in all directions. The
female separates the pellet into two masses on this or the following
day. For the next ten to twelve days she lays about ten eggs daily,
while the fungus flocculi grow larger and more numerous. At first

Fic. 108. Nest craters of Mallerius versicolor in a sandy “draw " in the deserts of
Arizona. (Original.)

the eggs and flocculi are kept separate, but they are soon brought
together and at least a part of the eggs are placed on or among the
flocculi. Eight or ten days later the flocculi have become so numerous
that they form when brought together a round or elliptical disk about
I em. in diameter. This disk is converted into a dish-shaped mass with
central depression in which the eggs and larvee are thenceforth kept.
The first larvae appear about fourteen to sixteen days after the Atta
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(F1g. 194). The gardens are suspended like those of Mycetosoritis
and c un.a:i.j of triturated vegetable substances (leaves, ualc-r:ﬁ]cim. ete.)
covered with a white mycelium. 7. septentrionalis (Fig, 192, b) 431:"-
most widely distributed Attiine ant, ranges from Texas 1!11'1;11;{]; the
Southern and Atlantic States as far north as the Raritan River in New
Jersey. Its nests, which are always excavated in sand, consist of two
to seven subspherical chambers (Fig. 196). When there are only

Fic. zo3. Entire fungus garden of Atfa texana; about ' natural size. (Photograph
by A. L., Melander and C. T. Brues.)

two of these, the nest usually resembles that of Mycetosoritis and 1.
turrifex, although the entrance is oblique and the excavated sand is
thrown out to one side of the opening and not built up in the form of
a regular crater (Fig. 195). When several chambers are present, there
are two or three galleries each with one or two chambers, branching
off from the main or entrance gallery below the first chamber. The
total depth of the nest is usually much less than in turrifex (about
35 cm.). The gardens resemble those of turrifex, but the fungus has
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figures representing ants taking drops from the siphons of aphids.
The discharge of the drops of honey-dew from the anus and not from
the siphons, is so easily observed with a pocket lens or even with the
naked eye wherever aphids abound, that there 1s hittle excuse for

|

. J e 5 P 1 : a twig of pitch
Fic. 2o7. Carton coceid-tent huilt by Cremasiogaster prlosa around Wi 1

$ pine, (Original.)
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is still called “ man ™ by the Arabs who use it as food. But long ages
before the Israelites and Arabs had learned to eat the sweet vjvﬂuﬁni
this single species, the ants had learned to value the honey-dew of a
great many different scale-insects. Imbedded in the l'r-u:-'w'i:m and

Fic. zog. Carton tent built by Cremastogaster pilosa over the alder-blight (Pem
phigus tessellatus). The structure probably originally enclosed the whole colony of
aphids, but the latter in growing and spreading further up the alder branch, hroke

through the walls of the tent. Natural size. (Original.)

Sicilian amber are many ants, in most part so closely related to existing
aphidicolous and coccidicolous species that we must ascribe to them a
like similarity in habits. In fact, a few large blocks of amber sent me
by Prof. Tornquist, and containing numerous workers of Bothrio-
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the Myrmmecocysti, whose habits have been more I‘]]If,'.l-['l.’}nghlj.' studied.
In fl:‘.ll‘t;.‘lliﬁiﬂli, I will describe a few aberrant M}'n!iimnu ants that have
been regarded as honey ants, and cI{;alsc with a few 1gcncrﬂl .rr:.m:trk.-:
on the significance of the replete habit among the Camponotinae and
Dolichoderinze.

1. Melophorus bagoti and cowlei—The genus Melophorus was
based by Lubbock in 1884 on worker specimens of M. bagoti from cen-

F16. 215. Garden of the Gods near Manitou, Colorado : looking north; showing
in the foreground the rocky ridges on which Myrmecocystus horti-deorun nests,
(Original.)

tral or western Australia (Feer? S Eat ¥ He transposed the generic
and specific diagnoses that had been written out for him by Forel, but
the latter rectified the blunder a few years later (1886d). M. bagoti
is of a rich ferruginous red color and has polymorphic workers. The
length of the smaller ones has not been recorded, but the larger measure
13-16 mm. In the latter the gaster is distended somewhat as in the
Prenolepis repletes, and is, as Forel has stated, far from attaining the
amplitude of Myrmecocystus. The insect is undoubtedly able to walk
about and in all probability does not hang from the roof of its galleries.
During the summer of 1907 Professor Forel kindly gave me a replete
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hollow depression in which fits the petiolar scale. With the aid of a
lens it is possible to distinguish below and behind the stomach and
gizzard with its reflected calyx, both of them displaced and flattened
against the gastric wall.” Forel further states that the gaster is
“nearly as fully distended as that of Myrmecocystus melliger.

Locomotion must be almost impossible in this insect. Its appearance

FiG. z16. Nest crater of Myrmecocystns horti-deorum,  About 4 mnatural size.
( Original.,)

is that of a Myrmecocystus nurse en miniature”’ P. trimeni must
theTefure represent a stage of repletion intermediate between Preno-
lepts and Melophorus on the one hand and Myrmecocystus on the
other.? y
! Camponotus inflatus—TLubbock described the worker of this ant
in 1830 from specimens taken at Adelaide, Australia. His diagnosis
was, however, so imperfect that the insect had to be redescribed by
Foreil (1886d). McCook (1882b) has also studied and figured this
Species (1882, Figs. 71 and 74). According to Forel, it ““ has nothing
* During the summer of 1000, Professor I¢

. orel showed me in his collect -
. ; it clion two
[ other African honey ants. which he had recently acquired. namely, Plagiolepis

Jouberti, in which the replete has a gynacoid thorax, and Aecan tholepis abdominalis
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their symphily, their greater initiative towards the ants, and the close
imitation of their behavior. The last peculiarity is especially apparent
in that they do not, like Lomechusa, Claviger and Amphotis, beg the
ants for food merely by stroking them with their antennze, but also
raise their fore feet after the manner of ants, and stroke the cheeks of
the regurgitating hosts [Fig, 240|. On this account they are treated
by their normal hosts like ants and not like ant-larve.”

Five species of Lomechusa and a greater number of species and
varieties of Atemeles have been described. Of these L. strumosa ( Fig.
238) is the best known. It is exceedingly rare in England, but common
in many places on the Continent (Holland, Luxemburg, Saxony,
Switzerland ). Its normal host is the blood-red slave-maker, Formica
sanguinea, though very rarely it may be found in the nests of F. rufa
and pratensis. Of the species of Atemeles, pubicollis (Fig. 239)
breeds in the nests of F. rufa, parado.rus in those of F. rufibarbis and
emargmatus in those of F. fusca. The American Xenodusa is also
represented by several species, the best known of which 1s X,
(Fig. 241). Like Atemeles,
this beetle has two hosts, but
both of these are Campono-
tine ants. It passes the
winter in the nests of Cam-
ponotus pennsylvanicus or
noveboracensis and
in the early summer in the
Formica
[ have seen its larvae in the
nest of F. They
have longer appendages than
Lomechusa larvae
walk about and beg the ants
for food by raising and

Cava

breeds
nests of species,

incerta.

and can

stroking their cheeks with
the anterior pair of feet,
Like the larvae of Atemeles

F1G. 243. Larve and pupz of Pachycondyla
harpax and its commensal Metopina pachveon-

dyle. (Original.) The Pachycondyla larve

marked a, have each a Metoping larva around

the neck; b, isolated Metoping larva: c. Meto-

and Lomechusa, they de- th ;
fima puparium ; d, cocoon of Pachycondyla.

vour the ant brood.

There is evidence that colonies of incerta infested with Xenodisa
tend, like those of sanguinea infested with Lomechusa, to produce pseu-
dogynes. These queer, mongrel forms | Figs. 57, b; 242; 267,b) are an
abortive combination of the female thorax with the stature, gaster and
head of the worker. They are usually paler in color than the normal
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which two different Colombian ants (Cremastogaster parabiotica :1.nc1
Dolichoderus debilis) were living together amicably, though kcc!'nng
their broods separate. The workers were seen leaving the nest in a
common file, which, however, eventunally bifurcated, each species pro-
ceeding to its own feeding ground. This case, as Forel remarks, bears
some resemblance to the joint flocks of certain birds, like those of the
FEuropean Corvus cornix and C. corone. Under the ti:]'.l'ﬂ parahigsis
may also be included the friendly or indifferent relations existing
between certain species of ants which I found inhabiting the epiphytic

16, 255. Mound of Pogonomyrmer oceidenialis showing at (a) a crater of Dory-
myrmex pyramicus. (Original,)

Tillandsias (especially T. benthaniiana) on trees in Mexico, Florida
and the West Indies. These plants often contain whole colonies of
ants, with their larve and pupz snugly packed away like so many
anchovies in the spaces between the moist. overlapping leaves. The
ants gnaw little holes through the leaves to serve as entrances to the
interfoliar chambers, and these holes often perforate several leaves
and extend to the very core of the bud-like plant. Sometimes a single
colony is divided up into companies, each occupying the space under a
leaf, but not infrequently two or even three flourishing colonies of as
many species may live in a single Tillandsia. the whole habitable por-
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of her experiments resulted in the formation F'f a cn]::m;,r com-
prising workers of Stigmatonima pallipes ( Ponerine), Farm:.:'.n..mb:
sericea (Camponotine), and Aphenogaster fulva (Myrmicine) ;
another was made up of such heterogeneous components as Cam-
ponotus pennsylvanicus, Formica sanguinea, A. f:dd-:ra and Cremasto-
gaster lineolata. In these artificial mixed colonies she found that

Fic., 266. Mixed colony consisting of workers of Camponotus pennsylvanicus,
Formica subscricea and Aphenogaster picea reared by Miss A. M. Fielde. Photo-
graph by J. G. Hubbard and Dr. O. 5. Strong.)

“ there is a close affiliation of ants of different species. Those of dif-
ferent subfamilies sometimes lick one another. Introduced young is
carried about and taken care of without regard to its origin. Ants
of one genus accept regurgitated food from those of another genus.”
She gives the following recipe for producing such colonies: “If one
or more individuals, of each species that is to be represented in the
future mixed nest, be sequestered within twelve hours after hatching,
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cloth.  Small wads of the cotton are used for separating the speci-
mens from different colonies in the same vial of alcohol, so that
there may be no possible confusion of the often very closely related
species and varieties. The handkerchief is spread upon the ground
and small nests may be dug up hastily and placed in the middle of
it and broken apart. The ants can then be readily seen and cap-
tured before they can reach the periphery of the cloth and escape.
The bags are used as temporary receptacles for living colonies or
portions of them, to be transferred to artificial nests by a method
to be described below, or for transporting ants from one region and
dumping them near the nests of the same or other species in other

F16. 281. Outfit for collecting ants; including bottles, lens, tweezers and labels, and
showing manner of separating catches from different nests by means of cotton.

localities. In the battles which inevitably ensue the ants display
many instinctive peculiarities that might otherwise be overlooked.
FForel has used this method with great success in his studies of the
Swiss ants. In order to secure material for such experiments, or for
artificial nests, the ants, together with their brood and portions of their
nest, are hastily shoveled into the bag, which is then tied with a string
and carried without shaking. It is well before filling the bag to put
in it a few twigs or leaves to prevent the pebbles and earth from
moving about and crushing the ants. If several days must elapse before
the contents of the bag can be transferred to an artificial nest, the earth
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degree of moisture in the soil usually chosen as the habitat of the spe-
cies. The sponges are kept clean by weekly washing and an occasional
immersion in alcohol. Sponges of fine, tough texture render the best
service, as they offer no apertures where the ants may conceal their
eggs. The flake of sponge i1s so thin as to permit the ants to pass
between it and the roof-pane.

“The completed nest is less than half an inch, or thirteen milli-
meters, in its interior height, and does not exceed three-fourths of an
inch, or two centimeters, in its exterior height. A low-power lens is
easily focused upon the ants within the nest.”

Miss Fielde makes her nests of such sizes as to fit snugly into the

Fic. 282. Portable case showing three Fielde nests on shelves. (Photograph by
J. G. Hubbard and Dr. O. 5, Strong.)

shelves of a portable box like the one represented f.ll the ﬁgun? (Fig.
285). This box has an interior length of seventeen {nchcs, a width of
seven inches and a height of four and three-fourth inches. In a case
of these dimensions a number of nests can be carried safely for long
distances.

[ have used with considerable success a combination of the Janect
and Fielde nests. The glass base and sides of the latter are replaced


























































































































































































































































































































































