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Article IV. — ON THE FOUNDING OF COLONIES BY QUEEN
- ANTS, WITH SPECIAL REFERENCE TO THE
PARASITIC AND SLAVE-MAKING SPECIES.

By WiLLiaM MorRTON WHEELER.
Prates VIII-XIV.
INTRODUCTION.

The following paper is a continuation of work previously pub-
lished on our North American symbiotic ants. It comprises a series
of observations and experiments made during the past summer while
I was on a month’s vacation in the Litchfield Hills of Connecticut,
a locality abounding in interesting Formicide. Somewhat later in
the season the work was continued at my home in Bronxville, New
York. I had planned to devote all my time to ascertaining the
method of colony formation adopted by young queens of our common
slave-making ants (Formica sanguinea subspecies and varieties), but
the opportunity to renew my study of Formica consocians, the dis-
covery of another interesting and probably parasitic species (F.
nepticula) with diminutive females, and the opportunity of perform-
ing some experiments on still other species of the F. rufa group, in-
duced me to enlarge the scope of my work. As the habits of all these
species have been hitherto very imperfectly known, I have included
some illustrations of their nest architecture.

While the exclusive and intensive study of the structure and ethol-
ogy of a single type is unquestionably of great value if only as a guide
to what we may expect to find in allied but as yet unstudied forms,
this method is, nevertheless, sometimes misleading and illusive, for
the very reason that it may lead us to prejudge a field of inquiry.
It would be difficult to find a better illustration of the truth of this
statement than the study of the honey-bee. The remarkable con-
clusions reached from the long and painstaking investigation of this
economic insect, have been again and again extended, either un-
consciously or intentionally, to the other groups of social insects.
And it is especially the instincts of the queen bee that have been thus
adopted as a paradigm of the female instincts in other Hymenoptera
such as the ants. A moment’s reflection, however, shows the error
involved in any such generalization even when extended to insects
as closely related to the honey-bee as the humble-bees and the wasps.
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The queen bee is a degenerate organism—a perambulating ovary,
incapable of founding a colony unaided, shorn of the primitive pollen-
collecting apparatus and instincts of the ancestral wild bees, no .
longer capable of visiting the flowers and of feeding either herself or
her offspring. The worker bee, on the other hand, apart from her
normal infertility, is more like the ancestral female bee in still retain-
ing all the attributes of that sexual form. While the queen bee has
thus, as it were, delegated to her workers all the female functions
and structures except those of normal reproduction, the great majority
of female ants, as the following paper will abundantly show, have lost
very few or none of the primitive female instincts of the species. In
fact, the instincts of the ant-species have their center of gravity, so
to speak, in the female and not, as is usually supposed, in the worker.
That nearly all writers on these insects should be more or less biased
by the study of the honey-bee, is due to the fact that the female ant
is apt to be stolid and very slow to respond to the stimuli of her en-
vironment, while the instincts of the workers are persistently and con-
spicuously manifested. "Yet the fertilized and isolated female ant is
self-sufficient in structure and instincts, since she is able to reproduce
the whole colony—males, females, and workers—from her own sub-
stance. She is not only the winged germ of the species, but the epit-
ome of its instincts, and, unlike the females of most Hymenoptera,
she. undoubtedly adds to her inherited capacities the results of in-
dividual experience and imitation gained during her prenuptial sojourn
in the maternal nest.

Female, or queen, ants in founding their colonies resort to one of
three methods,which may be known as the usual or typical, the redund-
ant, and the defective. In the first method there is a manifestation of
instincts of the ordinary and undoubtedly primitive type, as displayed
by nearly all the species of Formicide; in the second there are ad-
ventitious instincts leading to a more complicated activity, and in
the third method there is a lapsing- of original instincts and a substi-
tution of others. More explicitly, these different methods may be
described, as follows: ‘

1. The female ant is able by herself alone to start her colony; that
is, under favorable circumstances she can produce and bring to matur-
ity the first brood of workers and thus insure the further growth and
. development of the colony. She is capable of passing many months
without nourishment evén while she is feeding her offspring. Her
voluminous fat-body, built up during her larval life in the maternal
nest, together with her degenerating wing-muscles, furnish the sub-
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stances that are converted into food for the young. Although so
arduous that few of the many queens of all that celebrate their nuptial
flight during a season ever succeed in establishing a colony, this method
is, nevertheless, the one adopted by the great majority of ants.

2. The female is not only able to accomplish all that is implied in
the usual method of founding a colony, but in addition she can carry
over to her colony and cultivate certain plants that have been grown
as food for countless generations by the stock from which she sprang.
This is the case in the remarkable fungus-raising ants (A##) of tropical
and subtropical America.

3. The female ant, owing to her small and delicate stature or de-
layed fertility, is quite unable to found a colony without the aid of
workers of another species. This method which is resorted to by
parasitic species—using that term in a very broad sense—appears
under three different aspects:

A. As temporary social parasitism. The female seeks and obtains
adoption in a small queenless colony of another species and permits its
alien workers to bring up her young. When these have matured, they
emancipate themselves and become an independent colony, either by
emigration or, more probably, only through the natural death of the
host species.

B. As permanent social parasitism. The female seeks and obtains
adoption in a colony of some other species and there permanently
resides together with her offspring. Examples: Anergates, Strongy-
lognathus, Protomognathus, Wheeleria, etc.

C. Asdulosis, or slavery. The solitary female enters a small colony
of another species, kills the workers, and seizes and rears the progeny
(larvee and pup=) as a first step towards bringing up her own young.
The workers produced by the female subsequently make forays on
other colonies of the host species and appropriate their offspring.
‘While they use a portion of these as food, they permit another portion
to develop as ‘““auxiliaries” or ‘“‘slaves,” so that the colony preserves
its ‘““mixed” character. This method is adopted by some, if not by
all, the forms of the sanguinary ant, or blood-red slave-maker (For-
mica sanguinea). The amazon ants (Polyergus) appear to combine
this with the preceding method.

‘Although in this paper we are especially concerned with temporary
social parasitism and dulosis, it may not be amiss to discuss a few
matters, mainly of a historical nature, concerning the usual and
redundant methods of colony formation.

Pierre Huber was the first to call attention to the method of colony
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formation adopted by the great majority of female ants. In his re-
markable book ! published nearly a century ago, he writes (pprri-113):

‘“As soon as they [the female ants] have dropped their wings, they
are seen running about over the ground in search of a lair. It would
be difficult indeed to follow them through their devious courses and
detours in the midst of fields and lawns. Although I have failed to see
them establish themselves, I have nevertheless convinced myself, after
some trials, that these females, which were required to do no labor in
the parental formicaries, and seemed incapable of initiative, become,
nevertheless, when inspired by maternal affection and the need of em-
ploying all their faculties, industrious and care for their young quite as
well as do the workers. I confined several fertilized females in a box
full of light, damp earth. They knew how to dig galleries, which they
inhabited either singly or in common; they laid and cared for their eggs,
and notwithstanding the inconvenience of being unable to regulate the
temperature of their dwelling, they reared some of the eggs, which be-
came larvae of considerable size but perished through my negligence.

“Hereupon I assembled some other females in a similar apparatus
and gave them some worker pupa for the purpose of ascertaining
whether their instinct would lead them to open the cocoons; and al-
though these females were virgins and still bore wings, they worked to
such good purpose that on the following morning I found three workers
in their midst. A few days later I surprised them in the act of liber-
ating other workers from their final envelope; in this they behaved like
workers and seemed not to be embarrassed by the occupation in which
they were engaged for the first time. '

“It is evident, therefore, that the females are able, when necessary,
to rear a family quite by themselves. If I endeavored to convince my-
-self of this fact by still more positive proofs, it was less for the purpose
of dispelling all my doubts on this matter, than to satisfy my curiosity
concerning the composition of these incipient formicaries.. After long
search I succeeded in discovering the hiding place of these females and
the nascent colonies which they had established. These were situated
at a slight depth in the soil. There were a few workers with their
mother:and some larvae which they were feeding. I have seen two ex-
amples of such recently established formicaries. Then, too, one of my
friends [M. Perrot of Neufchatel, an excellent naturalist] whose ob-
servations are worthy of implicit confidence, one day discovered, in a
small subterranean cavity, a female ant living alone with four pupea,
for which she appeared to be caring.”

1 Recherches sur les Mceurs des Fourmis Indigenes. Paris and Geneva, 1810.
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While we must still admire, in the light of our present knowledge,
the accuracy of Pierre Huber’s statements, we must not forget that he
largely inferred the method of colony formation and did not actually
observe the female ant bringing her firstling brood of workers to
maturity. Subsequent authors have not failed to notice this im-
portant hiatus in the work of that gifted naturalist. As late as
1874 we find Forel (pp. 417-419)! still balancing the views of St.
Fargeau, Ebrard, and Lepeletier with those of Huber and reaching
the conclusion, which was really no conclusion at all, that ‘ There is
left to us only Lepeletier’s supposition, but I believe that we must re-
frain from accepting it as an established fact. Nor am I of the opinion
that we are justified in absolutely discarding Huber’s conception.”

Although Mayr? in 1864 observed isolated female ants with eggs,
the actual founding of a colony by a single queen was first witnessed by
an American of somewhat doubtful reputation as a myrmecologist,
Dr. Gideon Lincecum.? His work seems to have been overlooked by
those who have considered this subject. In 1866 he wrote as follows
of the Texas agricultural ant (Pogonomyrmex barbatus var. molefaciens):

“When one of the young queens, or mother ants, comes to maturity,
and has received the embraces of the male .ant, who immediately dies,
she goes out alone, selects a location, and goes rapidly to work ex-
cavating a hole in the ground and carrying out the dirt with her mouth.
As soon as she has progressed far.enough for her wings to strike against
the sides of the hole, she deliberately cuts them off. She now, without
further obstruction, continues to deepen the hole to a depth of 6 or 7
inches, when she widens the bottom of it into a suitable cell for deposit-
ing her eggs and nurturing the young. She continues to labor out-
doors and in, until she has raised to maturity 20 to 30 workers, when
her labor ceases, and she remains in the cells, supplying the eggs for
coming millions, and her kingdom has commenced. But very few of
the thousands of mother ants that swarm out from the different
kingdoms two or three times a year succeed in establishing a city.
However, when one does succeed in rearing a sufficient number of
workers to carry on the business, she entrusts the management of the
national works to them and is seen no more outside. .

“The workers increase the concealment which has been kept up by
the mother ant during the period of her personal labors, of the passage,
or gateway to their city, by dragging up and covering it with bits of

1 Les Fourmis de la Suisse. Ziirich, 1874. A .
2 Das Leben und Wirken unserer einheimischen Ameisen. Wien, 1864.
3 Proc. Phil. Acad. Nat. Sci., 1866, pp. 323, 324
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stick, straw, and the hard black pellets of earth, which are thrown up
by the earthworms, until there is no way visible for them to enter; and
the little litter is so ingeniously placed, that it has more the appear-
ance of having been drifted together by the wind than to have been
the work of design.

“In about a year and a half, when the numbers of the community
have greatly increased, and they feel able to sustain themselves among
the surrounding nations, they throw off their concealment, clear
away the grass, herbage, and other litter to the distance of 3 or 4 feet
around the entrance of their city, organize an efficient police, and,
thus established, proclaim themselves an independent city,” etc

Essentially the same account was published by Lincecum in 1874
in another article! and is repeated in McCook’s larger work on the
Texan agricultural ant (pp. 146 et seq.).?

My own observations on this same ant confirm Lincecum’s in every
important detail, except that I have never seen the female return to
the surface after she had excavated her burrow. She closes it behind
her and, thus shut off from the world, devotes herself to bringing up
her brood, like the females of most ants. I am glad to record my
nearly complete agreement with Lincecum in this matter because I
am unable to accept his account of some of the other instincts of
Pogonomyrmex.3

The first to witness the founding of a colony in an artificial nest,
that is, under conditions accurately controlled, was Sir John Lubbock.
His account, originally published in 1879,4 is reproduced in the
various editions of his well-known book on ants, bees, and wasps. On
Aug. 14, 1876, he isolated two pairs of Myrmica ruginodis and suc-
ceeded in keeping them in'a perfectly healthy condition through the
winter. The males died during the following April and May. The
females laid during the latter part of April. Some of the young had
pupated by the first of July and the firstling workers appeared and
began to care for the remainder of the brood by the end of that month
and the first week in August. This demonstrated, as Lubbock said,
“that the queens of Myrmica ruginodis have the instinct of bringing
up larvae and the power of founding communities.”

In 1883 McCook’ published a number of careful observations by

1 The Agricultural Ant. Am. Nat., Vol. VII, 1874, No. 9, pp. 514,

2 The Natural History of the Agncultu Ant from Texas. Phxladelphxa 1879.

3 See mg paper: A New Agricultural Ant from Texas, thh Remarks on the Known North
American Species. Am. Nat., Vol. XXXVI, Feb., 1903, vpp 91 €

8‘ Obser\gatxons on Ants, Bees and Wasps Part Ants. Joum Linn. Soc., Vol. XIV,
1 79 205-290.

lPlow a Carpenter Ant Founds a Colony. Proc. Phila. Acad. Nat. Sci., Vol XXIV, 1883,

P. 303.
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Edward Potts to show that young females of Camponotus pennsyl-
vanicus “‘when fertilized, go solitary, and after dispossessing them-
selves of their wings, begin the work of founding a new family. This
work they carry on until enough workers are reared to attend to the
active duties of the formicary, as tending and feeding the young, en-
larging the domicile, etc. After that, the queens generally limit their
duty to the laying of eggs,”

To any one who has g1ven even a little attention to the insect life
of our northern woods, it seems strange that the founding of colonies
by this ant should not have been recorded till 1883. Certainly no
observation could be more easily made, for in many localities it is
hardly possible to tear a strip of bark froman old log without finding
one or more females of C. pennsylvanicus or of the allied varieties
ferrugineus and moveboracensis, each in her little cell brooding over a
few eggs, larvae, cocoons, or minim workers. Usually the cell is care-
fully excavated just under the loose bark in the decayed wood, but
where pine logs are abundant these females often prefer to take posses-
sion of the deserted pupal cavities of a longicorn beetle (Rhagium
lineatum Oliv.). These cavities are surrounded by a regular wall of
wood fibers arranged like the twigs in a bird’s nest (P1. VIII, Fig. 1). -

Within more recent years the observations of Lincecum, Lubbock,
McCook, and Potts have been repeatedly confirmed by continental
authors. Blochmann,! Forel,? Janet,® von Buttel-Reepen,4 and
Emery’ have all published interesting notes on colony formation by
isolated females of ants belonging to the common genera Myrmica,
Cremastogaster, Formica, Lastus, and Camponotus.

On more than one occasion during the past six years I have myself
been able, both in the field and in the laboratory, to test the truth of
these observations. In fact, a catalogue of the North American spe-
cies, in which I have seen evidence of the founding of colonies by
isolated females, would comprise nearly all of our common ants. I
have observed it in members of all the subfamilies except the Dory-
linee. Even the Ponerine, which I at one time supposed to be an ex-
ception, conform to the general rule, for I have found isolated female
of Odontomachus clarus and hematodes in the act of establishing their

1 Ueber die Grindung neuer Nester bei Cam]f)onotus ligniperdus Latr. und anderen einhei-
mxschen Ameisen. Zeitschr. f. wiss. I, 188s, pf 719-727.

2 Origine d'une Fourmilére de Camponotus ligmperdus atr.  Ann. Soc. Ent. Belg XLVI,
1902, pp. 180—182, and Suite de I’'Histoire de mon Camponotus hgmperduso Ibid., LVI 1902,
Pp. 2

a%servs.uon sur les Fourmis. Limoges, 1& \A} 68 pp. 7 pl.; and Etudes sur les Fourmis,
Trmsléme Note. Bull. Soc. Zool. France, Vol. II1, 1803, pPp. 168—17:

4 Sociologisches und Biologisches vom Ameisen- und Bienenstaat. Wie entsteht eine Ameisen
kolonie? Arch. f. Rassen u. Gesell. Biol., 2 Jahrg., 1. Heft, Jan. u. Feb., 190s.

5 Sur l'origine des fourmiliéres. Compt Rend. 6me Congrés intern. de Zoologie, Session de
Berne, 1904, May 25, 1905, pp. 459—461.
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formicaries. During the past May (19o5) I observed an unusually
striking case of colony formation by queens of the Californian har-
vester (Pogonomyrmex californicus) on the edge of the Mojave Desert.
This observation recalls the above quoted passage from Lincecum on
the Texan harvester. I arrived at Needles, California, May 23, a day
or two after the nuptial flight of P. caltfornicus. This was proved by
the thousands of isolated females of this species, in the act of establish-
ing their formicaries. The country in which I observed them was the
sandy bottom on the 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 surround-
ing surfaces by the winter showers. After their nuptial flight myriads
of Pogonomyrmex females had rained down over 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
burrow so as to form a diminutive fan-shaped mound, which when com-
pleted was about two inches in diameter (P1. VIII, Fig. 2). On May 23,
during the hot morning hours the females could be seen at work every-
where in the ‘draws’ and river bottom, often within a few inches of one
another. Many had already completed their burrows, which extended
down obliquely to a depth of three or four inches, and had closed the
opening behind them. It was an easy matter to dig a dealated female
from each spot indicated by a small fan-shaped mound or to tempt her
to the surface by inserting a straw into her burrow. A wind- or rain-
storm ‘would have obliterated at once all traces of the whereabouts of
these females. That they actually sought the pure sand, which is also
the substance in which the adult colonies are found, was seen on the
top of the escarpment. There each tiny draw was literally filled with
incipient nests, although none could be found on the hard interven-
ing spaces often hundreds of feet wide. The ants would, in fact, be
quite unable to excavate in such hard soil. The comparatively small
number of adult colonies in the vicinity proved that but few of
these isolated females ever succeed in rearing a colony. They are
doomed to rigid, all but catastrophic, elimination, which only the best
endowed and most favorably situated can survive.

In the foregoing paragraphs attention has been repeatedly called
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to the fact that an ant colony is started by a single isolated female.
This requires some qualification, since under very exceptional circum-
stances a couple of females from the same maternal nest may meet
after their marriage flight and together start a colony. During August,
1904, I found two dealated females of Lastus brevicornis occupying a
small cavity under a clump of moss on a large boulder near Colebrook,
Connecticut. They had a few larve and small cocoons and a couple
of tiny callow workers. The colony was transferred to an artificial
nest and kept for several days. Both females were seen to take part
in feeding and caring for the single packet of larvae and freeing the
remaining callows from their cocoons. Without doubt these twin fe-
males were sisters that had accidentally met under the same bit of moss
and had renewed the friendly relations in which they had lived before
taking their nuptial flight. This case is of considerable interest be-
cause, as a rule, even sister ants seem averse to such postnuptial
partnerships. This is indicated by some of the observations on For-
mica consocians recorded in the sequel.

We wonder at the extraordinary endurance which enables the female
of our common ants to live so many months without food while she is
metabolizing her fat-body and functionless wing-muscles into eggs and
the salivary secretion with which to feed her first brood of workers, but
the huge female of the American species of Afta (in the restricted
sense) not only accomplishes this difficult and complicated task, but
simultaneously cultivates a fungus garden as a means of providing
herself and progeny with food. The founding of colonies by the
females of the larger Brazilian leaf-cutting ants has been studied by
Sampaio de Azevedo,! von Ihering,? Goeldi,® and Jakob Huber.*

Sampaio, on digging up an Atta female ten days after the nuptial
flight, found her in a cavity with two small white masses, one con-
sisting of go—60 eggs, the other of a filamentous substance which was
the young fungus garden though not recognized as such. Three and
one half months after the nuptial flight he excavated another nest
which had an opening to the surface of the soil. He found numerous
workers of three different sizes but all smaller than the corresponding
castes in adult colonies. They were already cutting leaves and had a
fungus garden about 3o cubic centimeters in volume. He estimated

1 Sativa ou Manhtiagra. Sao Paulo, 1894 . .
2 Die Anlage neuer Kolonien und Pilzgarten bei Atta sexdens. Zool. Anzeig., XXI, pp. 238~

5. s

3 Forel. A., Einige Biologische Beobachtungen des Herrn Prof. Dr. Goeldi an brazilianischen
Ameisen, Biolog. Centralbl., XXV, Marz, 190s, pp. 170—-181. Goeldi, Beobachtungen tber die
erste Anlage einer neuen Kolonie von Atta cephalotes. C. R. 6me Congr. internat. Zool. Berne,
1005, DD. 457, 458; also Myrmecologische Mittheilung das Wachsen des Pilzgartens bei Atta cepha-
lotes betreffend, #bid., pp. 508, 509. .

4 Ueber die Koloniengrindung bei Aatta sexdens. Biolog. Centralbl.,, XXV, 1905, pp. 606~
619, 625-635, 26 figs. :
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the number of workers at 150 to 170, that of the larvaee and pupaz at
about 150, and the eggs at so.

The much more important observations of von Ihering, including
his brilliant discovery of the method of transfer of the fungus culture
from the maternal to the daughter colony, deserve fuller consideration.
According to this observer there are repeated nuptial flights of the
Brazilian Atta sexdens from the end of October to the middle of De-
cember. His account of these flights shows that they are essentially
like those of other ants, so that his supposition that the female may be
fertilized in the parental nest is without foundation. His account of
the founding of the colony is so interesting that I cannot refrain from:
quoting it.

The fertilized female “rids herself of her easily detached wings by
quick motions of her legs and then begins to dig her burrow in some
spot more or less free from vegetation. This canal is nearly or quite
vertical and measures about 12-15 mm. in diameter. It is so narrow
that the ‘Iga’ cannot turn round in it, but is compelled to walk back-
wards whenever she returns to the surface. She bites off lumps of
earth with her powerful jaws, makes them into a pellet by means of
loose threads of saliva, brings them up and deposits them a short dis-
tance from the entrance to the burrow. The earth thus brought up
forms a circular wall, thickened in front and interrupted behind, about
4—5 cm. broad in front and at that point 3 cm. from the entrance. The
burrow varies in length according to circumstances from 20-30 cm.
and ends in a small laterally placed chamber about 6 cm. long and
somewhat less in height. As soon as the chamber is completed, the
ant closes the upper portion of the burrow to a distance of 8-10 cm.
from the entrance with pellets of earth and this closure becomes more
and more compact in the course of weeks, probably through the action
of the rain.

“If the nest be opened in one or two days, the female will be found
in the empty chamber unchanged, only more lethargic, as if exhausted.
A few days later one finds near the ant a little packet of 20-30 eggs
undergoing segmentation. Beside them lies a flat heap of loose white
substance, only 1-2 mm. in diameter. This is the earliest rudiment.
of the fungus garden. Microscopical examination shows that it con-
sists of compact masses of the well-known fungus-hyphe, but no traces
of “kohlrabi’’ corpuscles. As time goes on the fungus garden grows
rapidly and becomes more voluminous till it reaches a diameter of
about 2 cm. It seems to consist of closely aggregated spherules about.
1 mm. in diameter. As soon as it has attained this size the trans-
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parent pyriform globules bud out, which Moeller called ““kohlrabi *’
and the ant is seen to eat them frequently. She always keeps close to
the fungus garden and in it embeds her eggs. The larger of these soon
become larvee. The eggs are not spun over with fungus hyphe but
have the chorion smooth and shining. Eggs are also found in the
interior of the fungus mass, which the ant keeps rearranging and re-
distributing from time to time. It was easy, for purposes of obser-
vation, to transfer the ant to a terrarium. Without excavating anew
she remained with her garden on the fresh layer of earth. The garden
did not grow, but rather diminished in volume, for it is difficult to
imitate the conditions, especially the precise degree of moisture, in
which it grows and develops in its cavity. I failed, therefore, to
keep the ant and her garden till the first workers appeared.

**The time required to accomplish this must be between two and
three months. Presumably the last phase of this first brood period is
very precarious, since leaves must be brought in to serve as a sub-
stratum for the further growth of the fungus garden. In any event,
the development of the garden is in need of further elucidation. Ac-
cording to my investigations, which need fuller confirmation, the or-
ganic substratum is provided in the form of malaxated eggs, but
perhaps the soil, which is rich in vegetable mould, may itself contain
nutrient substances.

‘“As soon as the first workers appear, the colony may be regarded
as established and the opening up of the burrow, the enlarging of the
first chamber, carrying in of leaves, etc., lead to the well-known condi-
tions of the adult colony.

“The preceding description is hardly complete without an answer
to the question: Whence come the fungus germs for the establishment
of the new garden?” After searching the queen for fungus spores
concealed about her person, von Ihering made the important discovery
that ‘“every Atfa queen, on leaving the parental nest, carries in the
posterior portion of her oral chamber a loose pellet, .6 mm. in diameter,
consisting of hypha of Rhozites gongylophora, small fragments of
bleached, <. e., chlorophylless leaves, and chitinous bristles. The last
are undoubtedly derived from the larvae undergoing ecdysis in the pa-
rental nest.”” Von Ihering is of the opinion that the female keeps the
pellet of hyphe, etc., in her mouth till she has excavated her chamber
and then spits it out where it will serve to kindle the fungus garden of
the new colony.

The observations of Goeldi are little more than a confirmation of
those of von Thering. He maintains that the fungus is actually grown
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on some of the malaxated eggs of the Atta queen, who would thus be sac-
rificing a part of her offspring as a culture medium for the fungusthati
to nourish both herself and her workers in their larval and adult stages.

None of these investigators succeeded in rearing an A#ta colony from
its very inception till the hatching of the firstling workers and the bring-
ing in of the leaves for the purpose of keeping up the fungus culture.
This has been accomplished very recently by Jakob Huber, who, be-
sides correcting a few errors in the work of his predecessors, has added
a number of new and important observations. His paper, from which
the following abstractis taken, also contains several interesting figures
from photographs of the At#ta female, her progeny, and fungus garden.

The female expels the pellet from her buccal pocket the day fol-
lowing the nuptial flight. It is a little mass .5 mm. in diameter, white,
yellowish, or even black in color, and consists of fungus hyphe im-
bedded in the substances collected from the ant’s body by means of
the strigils on her fore feet and thence deposited in her mouth. By the
third day 6 to 10 eggs are laid. At this time also the pellet begins to
send out hyphe in all directions. The female separates the pellet into
two masses on this or the following day. For the next 10 to 12 days
she lays about 1o eggs daily, while the fungus flocculi grow larger and
more numerous. At first 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 disc about 1 cm. in diameter. This
disc is converted into a dish-like mass with a central depres-
sion in which the eggs and larve are henceforth kept. The first
larvae appear about 14 to 16 days after the Atta female has com-
pleted her burrow, and the first pupe appear about a month after
the inception of the colony. By this time the fungus garden has a
diameter of about 2z cm. There are no “kohlrabi” corpuscles in the
earlier stages, and when first seen they are at the periphery of the disc. A
week later the pupz begin to turn brown and in a few days the first
workers hatch. Hence the time required for the establishment of a
colony under the most favorable conditions is about 40 days. After
this rapid survey of the matter, Huber asks the important question:
How does the Atta female manage to keep the fungus alive? Ob-
viously the small amount of substance in the original pellet must be
soon exhausted and the growing hyphe must be supplied with nu-
triment from some other source. His interesting answer to this ques-
tion may be given in his own words:
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‘“ After carefully watching the ant for hours she will be seen sud-
denly to tear a little piece out of the fungus garden with her mandibles
and hold it against the tip of her gaster, which is bent forward for this

‘purpose. At the same time she emits from her vent a clear yellowish
or brownish droplet which is at once absorbed by the tuft of hyphe.
Hereupon the tuft is again inserted, amid much feeling about with the
antenn, in the fungus garden, usually not in the same spot from which
it was taken, and is then patted in place by means of the fore feet.
The fungus then sucks up the drop more or less quickly. Often sev-
eral of these drops may be clearly seen scattered over the young
fungus garden. According to my observations this performance is
repeated usually once or twice an hour, and sometimes, to be sure,
even more frequently. It can almost always be observed a number of
times in succession when a mother ant that has no fungus, as some-
times happens in the cultures, is given a piece of fungus belonging to
another Atta female or from an older colony. The mother ant is vis-
ibly excited while she explores the gift with her antennz, and usually
in a few minutes begins to divide it up and rebuild it. At such times
she first applies each piece to her vent in the manner above described
and drenches it with a fecal droplet.”

From these observations Huber concludes that the droplet must
be liquid excrement and that the fungus owes its growth to this method
of manuring. A direct use of malaxated eggs for this purpose was
never observed and could not be detected by microscopical exami-
nation, although a number of observations show that the same result
may be accomplished indirectly, namely by the female eating her own
eggs. This habit is so common and apparently so normal that Huber
estimates that 9 out of every 1o eggs are devoured by the mother,
often as soon as they are laid. The life of the A#ta female in her little
cell during all this time is very rhythmical. At regular intervals she
conscientiously examines the walls of the cavity, flattens out the earth,
etc. She devotes more time to licking and manuring the fungus gar-
den and, of course, lavishes most care on the brood.

As soon as the larvae appear they are fed directly with eggs thrust
into their mouths by their mother. Huber concludes that this is
their normal diet till the first workers hatch. He never saw the female
either eating the fungus mycelium herself or feeding it to the young.
As a proof of his contention he cites the case of one of his Afta queens
who brought up a brood without a fungus garden. = With the appear-
ance of the firstling workers, which are minims, that is members of
the smallest worker caste, a change comes over the colony. They
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begin to usurp the functions of the mother ant. They manure the
garden, which at the time of their appearance measures hardly
more than 2.5 cm. in diameter, and feed the larvae with their mother’s
eggs. The workers themselves, however, feed on the ‘‘kohlrabi”-
which has been developing on the hypha for some time. After
about a week some of the workers begin to dig in the earth, and
ten days after the appearance of the first worker and seven weeks after
the inception of the colony, they break through to the surface of the
soil and surround the entrance of the nest with a tiny crater of earthen
pellets. They now begin to bring in pieces of leaves, knead them up
into minute wads, and insert them in the fungus garden. The method
of manuring the garden with fecal droplets seems now to be abandoned.
The mother Atta henceforth pays no attention to the development of
the garden or to the brood, but degenerates into a sluggish, egg-laying
machine, while the multifarious labors of the colony devolve on the
workers. In the meantime the ‘‘kohlrabi’’ has become so abundant
that it can be fed to the larve.

In concluding his paper Huber makes the important observation
that fertile females of Atta sexdens are readily adopted by strange
workers of their own species. Such adoptions may be frequently re-
sorted to in a state of nature and would perhaps account for the
enormous size and great age of some of the formicaries of the larger
species of Atta, which in this respect resemble the colonies of Formica
rufa and F. exsectoides in the north temperate zone.

In marked contrast with the elaborate habits and great indepen-
dence of the Atta females are those of certain ants which are unable
to establish their colonies without the assistance of alien workers.
‘Some of the most remarkable examples of this inability are found in
the typical genus Formica.

Our American species of Formica may be separated into at least five
groups, all but one of which may bear the name of a well-known Eu-
ropean species. - America is, without doubt, the geographical center of
the genus and hence an American type for each group would seem to be
more appropriate. Nevertheless, both because the European species
were first and more thoroughly studied and because they are less
variable than their American congeners, they should maintain their
position as reference types. The five groups of species are the follow-
ing: -

1. The fusca group. European type: F. fusca Linn. Typical and
most widely distributed American form: F. fusca var. subsericea Say.
Additional varieties: subenescens Emery, argentata Wheeler, gnava
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Buckley, neorufibarbis Emery, neoclara Emery, montana Emery. Ad-
ditional species: F. subpolita Mayr with the varieties #neogagates
Emery and perpilosa Wheeler; F. cinerea Mayr var. meocinerea
Wheeler; F. lasioides Emery and its var. picea Emery; F. rufibarbis
Mayr var. occidentalis Wheeler and F. pilicornis Emery.

2. The pallide-fulva group. Not represented in Europe. Typical
and most widely distributed form: F. pallide-fulva Latr. subsp.schau-
fusst Mayr, with the varieties: incerta Emery, nitidiventris Emery,
succinea Wheeler, meridionalis Wheeler and the typical pallide-fulva.

3. The sanguinea group. European type: F. sanguinea Latr. The
common American forms are the subspecies rubicunda Emery and its
var. subintegra Emery. Additional subspecies: puberula Emery,
obtusopilosa Emery, subnuda Emery. Additional species: F. per-
gandei Emery and munda Wheeler.

4. The rufa group. European type: F.rufa Linn. Additional
European forms: F. pratensis, truncicola and pressilabris. The species
is represented in America by F. rufa subsp. integra Nyl. and its var.
hemorrhoidalis Emery, subsp. obscuriventris Mayr, and its varieties:
integroides Emery, rubiginosa Emery, and melanotica Emery and the
subsp. obscuripes Forel. Additional species: F. difficilis Emery and
its var. consocians Wheeler, F. oreas Wheeler, dryas Wheeler, and its
var. gymnomma Wheeler, ciliata Mayr, impexa Wheeler, montigena
