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Le destin des fourmss, des abeslles, des termites. s3 petst
dans l'espace, mass presque sams bornes dans le temps,
c'est um beau raccourcs, c'est, em somme, tout le nétre
que nous tenons un sastamt, ramassé par les siecles,
dans le creux de la main.  Cest pourguos 1l est bon de
le scruter.  Leur sort prifigure le nbtre et ce sort, maleré
des millions d'années malgré des vertus, un herossme,
des sacrifices qui  che: mous seratemt qualifiés
d’'admirables, s'est-s! amélioré? Il s'est quelgue peu
statilise et assure comlre certaims dangers, mass est-dl
plus heureux et le pauvre salasre pare-t-+l I'ymmense
peme ?

MAETERLINCK, *“ La Vie des Termites.”






PREFACE

THE twelve lectures which make up the present volume
were delivered during the spring of 19235 at the University
of Paris while I was occupving a Harvard exchange
professorship established by Mr. James Hazen Hyde,
and were published by Gaston Doin & Co., during the
summer of 1926 under the title * Les Sociétés d'Insectes,
leur Origine, leur Evolution ” in the * Encvclopédie
Scientifique,” edited by Professor M. Caullerv. The
following year the prix Dollfus was conferred on the
work by the Socicté Entomologique de France. In pre-
paring this English edition 1 have retained the orniginal
lecture form, but several passages, which had to be
omitted in order to bring the volume within the require-
ments of the French publisher, have been restored to the
text, a number of tvpographical and other errors have
been corrected and a ~mall amount of new matenal has
been added. I have also mtroduced several new illus-
trations and have omitted a few of those in the French
edition. In its present form the work has been brought
up to date so far as this was possible without unduly
expanding the text and the hibliography.

I am greatly indebted to Professor Caullery for the
care and labour he devoted to seeing the French edition
through the press. For tvping the English manuscnpt
my thanks arc due to Miss Julia C. Folev and Miss Frances
R. Rust. Mrs. Francena Tavler has given me much
aid in revising the manuscript and the references to the
bibliography and illustrations.

ForesT HiLLs,
Boston, Mass.
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INSECT SOCIETIES

I

THE SCOPE AND MEANING OF THE
SOCIAL AMONG THE INSECTS

THE evolution of the social insects was selected as the
topic of this course of lectures for several reasons : First,
because lectures on an important group of insects seemed
to me to be eminently appropriate for a laboratory
founded by the illustrious Giard for the study of the
evolution of organic beings. Second, I could think of no
subject more interesting to the voung biologists of a
country which has produced a Réaumur, a Latreille, a
Lepelletier de St. Fargeau, a Dufour, a Fabre, a Pérez, a
Ferton, a Paul Marchal, and a Bouvier, not to mention
a host of other brilliant hymenoptenists.  Third, having
myself devoted more than a quarter of a century to the
studyv of a single family of the social insects, with ample
opportunities for travel, and as the recipient of much aid
from enthusiastic entomologists in all parts of the world, it
seemed to me that I might be able to suggest or emphasize
some lines of thought worthy of vour consideration.
Fourth, it occurred to me that vou could not be expected
to be familiar with all the work that has been accom-
plished by mv countrymen in entomology, and that by
briefly presenting as much of it as it pertinent to my
subject, I might be furthering to a slight degree that
intellectual entente cordiale, which we are <o desirous of
maintaining between France and the United States.
Fifth, I believe that the studv of the social insects has,
at the present time, a peculiar interest to the serious
student of philosophy, sociology, and animal behavicur.
Since we ourselves are social animals—I had almost said
social insects—the philosophically inclined cannot fail

1



2 THE SOCIAL INSECTS

to find food for thought in the strange analogies to human
society, which continually reveal themselves among the
wasps, bees, ants and termites, and the behaviourist will
note that they suggest a bewildering array of fascinating
facts and problems. Moreover, the verv elaborate social
behaviour of the insects, in that it is almost exclusively
determined by the reflexes, tropisms, and the so-called
instincts and not by intelligence, assumes great theo-
retical significance, when we contemplate the present
anti-intellectualistic and relativistic tendencies and
currents of European and Amencan thought. We are
beginning to see that our social as well as our individual
behaviour is determined bv a great background of
irrational, subconscious, phyvsiological processes. Any
doubts in regard to the existence of this substratum will
be dispelled by a perusal of Parcto’s “ Treatise of General
Sociology 7 (1917), the first volume of which is devoted
to these ““ residues ” which condition our social activities.

For much that I have to say I shall have to draw on
materials accumulated while I was preparing my Lowell
lectures on ‘* Social Life Among the Insects.” In that
work I endeavoured to stress the fundamental role of
nutrition in the development of the wvarious insect
societies, but in the present lectures I wish to treat the
insect societies in a diffcrent and somewhat more technical
manner, and to dwell on certain matters which were
merely suggested in my former course.

Before descending very far into details, I feel that I
ought to attempt at least partial answers to four very
general questions :

(1) What are the social insects ?

(2) Can they be shown to have had an evolution ?

(3) If so, what are the peculiarities of this evolution,
and to what methods must we resort for their
¢lucidation ?

(4) To what general causes or conditions may we
assign this evolutjon ?



INSECT SOCIETIES 3

What are the social insects ? The words ** social®" or
*“ associative ' are, of course, rather vague, and tinged
with anthropomorphism. Their vagueness is due to the
extraordinary multiplicity and Protean character of the
phenomena, even among the insects, not to mention the
various classes of Vertebrates. These phenomena range
all the way from a fecble gregariousness or collectivity
or the mere temporary union of the sexes to permanent
and highly integrated societies remotely analogous to our
own. The anthropomorphism attaching to the word
‘““social ” is easily explained and may be condemned
or condoned according to the general philosophical
convictions of the critic. 1 can onlv record my belief
that in the discussion of matters psvchological—and the
phenomena in question are in part psvchological—we can
scarcelv avoid a certain amount of anthropomorphism
or tcleology.

Recently Deegener (1g18) has made a bold and rather
unsatisfactory attempt, in a tome of 420 pages, to classify
and dvscribe all the various forms of association in the
animal kingdom. He¢ distinguishes some ninety-two
different categories, fifty-three of which are represented
among the inscets. Thev are all supplied with scientific
names, mostly of Greek derivation, some of which, like
“ heterosymphagopadium ', ** amphoterosynhesmium ",
and * heterosvnepilvium V', have a  trulv  Germanic
pondrrosity. The ninctv-two different categones are
divided into two groups, accidental societies or associa-
tions, in which the congregation of the organisms has
no intrinsic value, 1.¢., scrves no useful purpose for the
individual, and essential societies or associations, in
which the congregation has an intrinsic value or sub-
serves in part a uscful purpose. Each of these leading
categories i subdivided according as the association
comprises individuals of the same or of different species.
The finalistic principim divisioms of the main groups
is very dubinus, to =av the least, since even the most
highly integrated ammal associations are frcquently
confronted with situations in which membership in the
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society inevitably involves the destruction of the
individual. And apart from the fact that the same
animal (e.g., the sexton-beetle, Necrophorus) is cited
by Deegener as belonging to several different categories,
some of the latter border on the humorous as e.g.,
his ‘‘ heterosymporium *, which comprises the insects
of different species brought together by a freshet, or the
various animals fleeing from a prairie fire, or his ** sym-
photium >, which comprises the miscellaneous assortment
of insects attracted by a lamp.

The classification of social forrns adopted by Alverdes
- (1925) into associations and societies is both more
logical and more useful than that of Deegener. Associa-
tions are aggregations of organisms brought about by
extraneous factgrs whereas in societies the individuals
are held together by a mutual attraction, or peculiar
social appetency. In associations the single individual
is oriented primarily towards stimuli emanating from
its environment apart from the other individuals of its
species, but in societies the stimuli are furnished by the
latter and onentation towards the remaining environ-
ment is secondary. In true societies, therefore, an
individual may exchange a favourable for an unfavour-
able environment merely in order to satisfy its craving
to remain with other individuals of its kind.*

¥ Rabaud {1927) has rather captiously criticized Bouvier (1926} and
myself on the basis of some observations on males of Halictus and on
general principles. Since he adopts a strenuously physiclogical view
ot biology and seems to be unable to accord any value to the historical,
or phylogenetic aspect of the science, discussion of his general position
would be unprofitable. So far as his observations are concerned, it is
difficult to see that he has added anvthing of importance to what has
long been known in regard to a great manv insects that fnorm aggrega-
tions, nrassociations, such as the Ipid, or Scolytid and Plaivpodid beetles,
hibernating Coccinellids and many solitary Aculeates which make
their individual mests in close proximitv to coe another (Bembix,
Philanthus, Symagris, Andrena, etc.’. At the same hour and especially
in the evenings of severalconsecutive davs he abserved malesof Ffalictus
latipes and nigricornis congregated in compact clusters on a few dry
grass stems in two localities, and conclules from several experiments
that the insects were attracted to these particular spots as if thev were
nesting sites. He believes, however, that the initial attraction was
due to interindividual stimult and was not therefore merely gregarious,
or associational, but social. 1 have myself seen very similar daily
agglomerations of males of our North American Chloralictus aibipenmis
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Now it seems to be obvious that the behaviour of
every animal, figuratively speaking, revolves about
two axes, one of which is aggressive and individualistic,
the other co-operative, or social. The Darwinians took
the former behaviour largelv for granted and greatly
stressed it, so that the latter appeared to be exceptional
and in need of a special explanation. At the present
time one might more properlv require an explanation
of the solitarv mode of life, so deeply are all who study
animals in their complicated living environment
impressed by their social or associative proclivities.
This is apparent even in the bioceenoses, since every
organism, no matter how egocentric, predatory or
parasitic, is social or co-operative at least to the extent
of being a member of some bioceenose.

The truth of the foregoing statement was so long ago
and so admirably expressed by Espinas in the introduc-
tion to his ‘‘ Des Sociétés Animales” (1877) that I
cannot refrain from quoting the pertinent passage :
“No living being is solitarv. Animals, especially,
sustain maultiple relations with the organisms of their
environment, and without mentioning those that live
in permanent intercourse with their kind, nearly all are
impelled by biological necessity to contract, even if only
for a brief moment, an intimate union with some other
individual of their species. Even among organisms
devoid of distinct and separate sexes, some traces of
social life are manifested, both among the animals that
remain, like plants, attached to a common stock and

on particular corvmbs of 4ster corymbosa, but have attributed it to
an impregnation of the tlowers with oours, left either bv virgin females
which had previousiy visited them, or by the malces after thev hiad cnce
congregated on the spot. These possibilities are not considered by
Rabaud. Furthermore, as wil be shown 1a the fourth lecture many
species of Halictus are realiy social bees, so that Rabaud is not
dealing with a simple or mapient tendency to social life.  Finally
Bouvier and I were not concerned with tl.e #mversal phenomena of
the social in 1ts brocdest sense, but with the true gowei:c societies of
insects, and Rabaud secms to overlook the fact that these societies
have a definite ontogeny traceabie to Jdefimite phyvsiological relations
between pareat and offspring.
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among the lowly beings which, before separating from
the parental organism, remain for some time attached
to it and incorporated with its substance. Communal
life, therefore, is not an accidental fact in the animal
kingdom ; it does not arise here and there fortuitously
and as it were capriciously; it is not, as is so often
supposed, the privilege of certain isolated species in the
zoological scale, such as the beavers, bees and ants, but
on the contrary—and we beheve we are in a position to
prove this statement abundantly in the present work—
a normal, constant, universal fact. From the lowest to
the highest forms in the series, all animals are at some
time in their lives immersed in some society ; the social
medium is the condition necessarv to the conservation
and renewal of life. This is, indeed, a biological law
which it will be expedient to elucidate. Moreover,
from the lowest to the highest stages in the series, we
detect in the development of social habits a progression
which if not uniform is at least constant, so that each
zoological group carries the perfecting of these habits
a little farther in one or another direction. Finally,
social facts are subject to laws and these are the same
everywhere where such facts appear, so that they
constitute a considerable and uniform domain in nature,
a homogeneous whole thoroughly integrated in all its
parts,”

Perhaps, if we were asked to point to a group of
typically solitary animals, we should select the spiders,
but when we studv them in the tropics, we find that
many of the species are decidedly gregarious or vaguely
social. Recently, in Panama, Mr. Nathan Banks and
I were impressed by the habits of several of these
arachnids. One of the largest and commonest of the
orb-weaving spiders, Nephilla plumipes, during the
wet season, regularly builds its webs in such a fashion
that those beclonging to different females run together
so that huge and elaborate structures are somectimes
formed. One compound web, which we observed among
the trees on the summit of Ancon Hill near the City of
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Panama, was fullv twenty feet broad and more than
twenty-five feet high. In it were suspended at least
200 female and nearly as many male Nephille, besides
a considerable number of Argyrodes mephille, a small
parasitic Theridiid spider which lives only in the webs
of Nephilla. We also encountered several species of
Theridion and Uloborus which unite their wcbs in a
similar manner, and a peculiarly social species, apparently
undescribed, but allied to Anelosimus socialis Simon,
in the webs of which dozens of females of all ages moved
about freelv and in all probability fed in common on
at least the larger prey. Many of these spiders bore
on their abdomens the larvea of a parasitic Hyvmenopteron
(probably Polvsphincta). Even alien insects may live
unmolested in the webs of some of these Panamanian
spiders. On Barro Colorado Island we found numerous
red nymphs and black adults of a small, ant-like Nabid
bug (Arachnocoris albomaculatus Scott) resting or moving
about in the webs of Uloborus and Theridion and
apparently feeding on the prev abandoned by the spiders
(sce Mvers (1923)). On two occasions we observed
dozens of small Cecidomyid flies resting peacefully on
the webs of Nephilla and Uloborus. When the webs
were shaken, the tinv insects fle'w off only to return at
once to their former station.

In 1891, Simon made similar observations on the
social habits of spiders in Venczuela and cites numerous
examples in other tropical countries. He gives an
exccllent account of Epeira bandelieri, Anelosimus
soctalis and Uloborus republicanus.  On ordinary occasions
E. bandelieri is solitary, but when the egg-laying season
approaches several females congregate and togcther
construct a large elliptical capsule in which they conceal
themselves and make their egg-cocoons. A. socialss
lives in colonivs of several thousand individuals which
construct a common web. * The spiders walk about
on it freely, meet one another and exchange greetings
with their palpi, as ants do with their antenne, and
sometimes devour the more voluminous pieces of prey
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in common.” The association of U. republicanus 1is
“far the most perfect, since it presents both a web
constructed by all the associates working together
and single webs constructed by individual spiders.
Several hundred Ulobori live together. They spin
among the trees an immense structure, consisting of a
central web with rather dense meshes on which numerous
individuals of both sexes, but mostly males, are statior«eg.
This web is suspended by long threads, radiating
all directions and attached to surrounding objects. In
the intervals of these stout strands, other Uloboni
weave orbicular webs with radii and circles, and inhabited
only by single individuals. Mating takes place on the
central web, if we may judge from the number of males
which we found congregated on it. . . . It is
certainly the place where the eggs are laid. All the
females of the colony seem to lay almost simultaneously.
At this time the males have disappeared and the females,
having ceased to spin regular webs, are attached to the
central web, a few centimetres apart and each guarding
her cocoon in complete immobility.”

According to Bouvier (1918), * Semichon (1909) has
observed the same fraternal sharing (of the prey as in
U. republicanus) in a Mexican social spider, Canothele
gregalis, brought to the Museum in Panis by Leon Diguet
(xg9o9a, 190gb). In order to capture insects, this species
constructs on the trees great concentric webs consisting
of carded strands. Thousands of individuals live in
harmony in this immense alveolar sac and never leave 1t,
except after the rainy season, when they emigrate,
or rather swarm, to leave room for the young. These
webs may be divided and are hung from the ceiling and
used as fly-traps in certain parts of Mexico. One of
them, exhibited in the galleries of the Museum, is several
meters long ”. Diguet has the following notes on two
interesting commensals which he found living in these
nests of Ceenothele. “ In all the internal portions of the
nest very great numbers of a Latridiid of the genus
Melanophthalma are found living as commensals. The
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role assumed by this minute beetle seems to be the
cleaning of the nest, ie., transporting and doing away
with the detritus which may encumber or soil the
galleries ; its principal food seems to be the remnants
of the spiders’ repasts. . . . Another commensal
also found living in perfect harmony with the ‘ mosquero ’
colony is a wandering spider which has become a guest
in this lodging and there finds an easy and assured
existence . This spider was identified by Simon (1909)
as Pacilochroa convictrix Simon.

In 1926, I published some notes on a couple of social
spiders, Cyrtophora citricola and Argyrodes argyrodes,
which I observed in the Canary Islands (Tenerifte, Palma
and Gran Canaria). There is much the same relation
between these two species as between the Panamanian
Nephilla plumipes and Argyrodes nephille mentioned
above. The webs constructed by the Cyrtophora are
spread over trees and shrubs and are sometimes of
great dimensions. At Puerto de la Luz I found a dense
hedge of Opuntia cactus fully one hundred feet long and
six or eight feet wide, covered by a single web estimated
at more than 1,000 square feet and containing many
thousands of spiders. The web consists of two parts,
a very irregular structure or frame work of long, coarse,
yellow and somewhat glutinous threads, running in all
directions and attached to the plants, and a variable
number of suborbicular, horizontal webs suspended
side by side or one above the other in the frame work.
These webs are three to eight inches in diameter and
made of very even square meshes, of the size of those of
mosquito netting, but consisting of exceedinglv delicate,
whitish silk. The Cyrtophoras rest on the lower, convex
surfaces of these webs. Individuals of all ages live
together amicably and seem to feed in common on the
prey that is caught in the webs, but the adult females
(x5 mm. long), which are gray, with large, paired, silver
spots on the dorsal surface of the abdomen, are usually
few in number. The egg-cocoons are elliptical, about
15 to 20 mm. long, made of dense, coarse, gray-green
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. silk, and are suspended vertically in or near the center
of the whole structure. They vary from one to five in
number and are attached to one another in a series,
so that they resemble a string of minute sausages. The
mother spider is usually found resting at the end of the
lowermost cocoon. The Argyrodes, which are black,
with pale legs and extensive silver spots on the abdomen
and are very much smaller than the adult Cyvrtophoras
(adult female only 4.5 mm., adult male 3.5 mm.), were
also present in all the webs which I examined. They
seem to make no webs of their own but live in the coarse
framework of the structure spun by the larger species.
Like the latter, they are present in considerable numbers,
of all sizes and of both sexes. They were seen to feed
on small insects caught in the coarse yellow strands.
When disturbed they quickly drop to the ground by
letting out a thin silken filament, but the Cyrtophoras
run off to the side and hide in the foliage of the plant
supporting the web. The egg-cocoons of the Argyvrodes
resemble certain seed-capsules and are of the peculiar type
seen in other species of the genus, being small sub-
spherical or pear-shaped, yellowish brown, papery-
walled structures. One pole of the capsule is prolonged
into a stiff stem, or pedicel by which the capsule is
suspended from the threads of the web and at the opposite
pole there is a small circular, protruding rim.

Probably most of us would agree with Petrucci (1906)
who reviewed the various forms of societies among the
vertebrates and pointed to their polyphyletic derivation,

T Interesting accounts of the habits of the social spiders of the genus
Stegodyvphus. represented by scveral species in Scuth Afnca and
India are given by Simon ‘18c2-5), Distant (18cR), Marshall (1868),
Pocock (1903} and Jambunathan (1¢0%). Walsingham (1903}, Marshail
and Pocock also describe a peculiar Tineid moth (Banackedra
stezadypholiu<) which lives in all 1ts stages in the vebs of these spiders.
Mr. J. H. Fmerton informs me that some of our New England spiders
may build closcly continuous webs, e.g. Dictyna muraria and dmawr Fius
Jerox. and that he has seen more than a hundred small midges resting
peacefully on the web of Limyphia marginara.  KRecenty Prof. C. T,
Brues has made some observations on UlLb rus repullicanus which is
common near the Harvar! Tropical Laloratorv, at Soledad, Cuba.
Sae elso Scliwarz (1904) and Banks (1go4).
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when he says: ‘‘ There is no inheritance in the social
activities of animals, except a tendencv to associa-
tion, a tendency manifested in a predominant fashion
throughout the domain of biology and realized in
concrete phenomena whenever and wherever external
conditions permit of its manifestation . Petrucci
naturally traces his “ tendance associative” to such
phenomena as the cellular constitution of the Metazoa
and Metaphvta and even to atomic equilibria and mole-
cular associations in the inorganic world. But the
conception, though not devoid of interesting philosophical
implications, thus becomes very vague. I should prefer
for the purpose of making the matter more concrete and
intelligible, at least in the biological field, to regard the
* tendance associative "’ as an ‘‘ appetition” in the
sense in which that term has been emploved bv the
French thinker Fouillée and the British and American
psvchologists Drever (1917), Craig {1918) and Thurstone
(1g24). It thus takes its place with the other appetitions
like hunger and sex, though it is feebler, more continuous,
ie., less spasmodic and, therefore, less obvious. It i1s
most strnikinglyv displaved, however, in the restless
behaviour of the higher social animal when isolated
from the continuous, customary stimuli of its kind.*
That this social appetition is clearly and very generally
manifested in certain insects admits of little doubt,
but it will be advantageous to narrow the conception
still further by the introduction of other considerations
if we are to make any use of it in the very special field
which I have marked out for treatment in these lectures.
There are authors, who like Fabre have hinted that even
the societies of ants and bees may have arisen phylogene-
tically by chance associations of female insects of the
same species, but this was before the actual constitution
and genesis of insect socictics were known. It is now
' T do not, of course. wish to impiv agrecment with the views of
Becher (1017), who postulates a Jistiact altruistic fevckavs in certain
plants and amimals to serve other and quite urrcdiated organismis.

This view has boen adequately criticized by Beguaert (1924}, A Meyer
(1926}, and others.
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unanimously admitted that all insect societies worthy
of the name, and no matter how populous, are families,
i.e., affiliations of the parents and, in most cases, of the
mother alone, with the offspring. This view is abund-
antly supported by the study of the ontogeny of existing
insect societies and by such fragmentary indications as
we can obtain in regard to their phylogeny.

There has evidently been a very long evolution through
numerous stages of constantly increasing intimacy of
the mother with her progeny from the most rudimentary
stage of complete or almost complete indifference to one
of mutual and abiding co-operation. We may con-
struct, e.g., such a series as the following, without stopping
to enumerate concrete examples, many of which will
at once occur to you.

" (1) The insect mother merely scatters her eggs in
the general environment in which the
individuals of her species normally live
(atrophaptic insects). In some cases the
eggs are placed near the larval food (dysiro-
phaptic insects).

~ (2) She places her eggs on some portion of the
invironment (leaves, etc.) which will serve
as food for the hatching larvae (eutrophaptic
insects).

(3) She supplies her eggs with a protective covering-
This stage may be combined with (1) or (2).

(4) She remains with her eggs and young larva
and protects them.

(5) She deposits her eggs in a safe or specially
prepared situation (nest) with a supply of
food easily accessible to the hatching young
(mass provisioning).

(6) She remains with the eggs and young and protects
and continuously feeds the latter with pre-
pared food (progressive provisioning).
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(7) The progeny are not only protected and fed by
the mother, but eventually co-operate with
her in rearing additional broods of voung, so
that parent and offspring live together in an
annual or perennial society.

The insects included in categories (1) to (5) may be
designated as ‘‘ infrasocial ”; those of (6), which are
more interesting for our purposes may be called ** quasi- ”
or “subsocial”’. Only the last categorv (7) comprises
social forms sensu stricto. This final stage in the series
is reached primarily through the development of an
increased interest on the part of the mother in the later
instars of her offspring and is, of course, made possible
by a lengthening of her individual life-span. Had the
students of human sociology been conversant with this
very obvious inference we might have been spared some
speculations which are constantly repeated in sociological
literature. John Fiske in his ‘‘ Cosmic Philosophy "
(1874) maintained that ¢he lengthening of human
infancy and childhood has led to the definitive association
of the parents with the offspring. He conceived this to
be a new interpretation of the origin of the family, but
Lovejoy (1922) has recently shown that the notion was
familiar to many eighteenth century thinkers. He
mentions particularly the poet Pope, and the philosophers
Locke and Rousseau, and shows that Rousseau demol-
ished Locke’s argument, which was essentially that of
John Fiske, in 1755, in his * Discourse on the Origin
of Inequalitv ” by pointing out that if the habit of family
life had not been established by primitive man during the
months preceding the birth of the first child, the human
male would hardlv have come to the aid of the female
after the “ accouchement ”’. * Why should he aid her
to rear an infant which he does not even know to be his,
and the birth of which he has neither purposed nor
foreseen ”’. At the present day we should, of course,
turn to a studv of the Anthropoids for light on the
remote and nebulous origins of the human family.
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It is obvious, however, that no mere lengthening of
infancy and childhood would be of value without a pre-
ceding or concomitant lengthening of the adult lfe
of the parents. This consideration, so clearly indicated
by the insects, seems to have been completely over-
looked by the writers above mentioned.

Of the physiological causes for the increased adult
longevity of the social insects we know nothing. It is
probable, as Pearl (1924) has suggested, that the duration
of an animal’s life stands in reverse relation to the amount
of its metabolic activity. Certainly the life-span of the
three castes of ants and social bees would seem to be
roughly proportional to their respective expenditures of
energy. But the problem before us is concerned with
the lengthening of adult life affer the beginning of
reproduction. The long lives which manv insects lead
before thev reproduce, e.g., Cicada septemdecim, the
larve of Ephemerids, Cerambycids, etc., cannot lead
to the development of societies and, of course, adult
longevity merely gives the parent the opportunity for
association with its progeny, but does not account for its
interest in the latter or the care expended on their
nurture.

It seems to me that the decrease in metabolic activity
which, according to Pearl, might be supposed to increase
the adult life-span, especially of the fertile females,
may be due to the fact that all the subsocial and social
insects live in small cavities of the soil or wood, in hives
or, in the more exceptional cases of social wasps and
certain tropical ants, in the cavities of carton nests.
The environment is, therefore, one which restricts or
inhibits muscular movement and is dark, poor in oxvgen,
and of rather low and uniform temperature. All of
these conditions would necessarilv favour a lowered
rate of metabolism and activity and an accumulation
of fat in the insect body. The queens, or mothers of
insect societies certainly impress one as having acquired
their physiological and some of their morphological
peculiarities as responses to just such an environment,
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for they are very sluggish and tend to lose the powers
of flight (Meliponinz) or even the wings (ants and
termites) and to acquire an accentuated anabolism as
shown in the accumulation of fat and of volk-laden eggs.
Very probably, therefore, both the lengthening of adult
life and the fecundity of these insects have been gradually
acquired in response to the very restricted environ-
ment in which they not onlv develop but also continue
to live as adults. Their fecundity is to a certain extent
a function of their longevity and is clearly expressed in
the size of the adult colonv in all the species of social
insects, especiallv in the higher termites (Termes),
in the ants of such genera as Ecitonand Atta and in the
honey bee. On the other hand, the small size of the
adult colonies of manv primitive ants (Ponerinz) and
termites (Calotermitide®) would seem to be the effect of
the rather short life of the mother queen.

I have drawn up for brief consideration the following Z
list of the previously designated subsocial and social |

insects :—

LIST OF SOCIAL AND SUBSOCIAL INSECTS

COLEOPTERA
Silvanide (Coccidotrophus, Eunausibius).
Scarabaide (Copris, Minotaurus).
Passalidz (Passalus, ctc.).
Tenebrionide (Phrenapates).
Ipide (Xvleborus, etcl).
Platvpodide (Platvpus, etc.).

SIS ol oA A

HYMENOPTERA (Aculeata)
7. Bethvlide (Scleroderma).
8. Masaridineg (Ceramius).
9. Eumenine (Svnagris, Odvnerus).
o. Zethine (Zethus).
*11. Stenogastrine (Stenogaster).
*12. Epipomine (Belonogaster, Chartergus, etc.).
*13. Ropaliditne (Ropalidia).
*14. Polistine (Polistes).

!
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-*15. Vespine (Vespa).
16. Sphecine (Ammophila).
17. Trypoxylemine (Trypoxylon).
18. Bembicine (Bembix).
*19. Halictine (Halictus).
*20. Ceratinine (Allodape).
*21. Bombine (Bombus).
*22.  Meliponine (Melipona, Trigona).
- *23.  Apine (Apis).
“*24. Formicide (Formica, etc.).

OTHER ORDERS

25. Blattoidea (Dasypoma).
26. Dermaptera (Forficulida).
27. Orthopera (Grvlotalpa).
28. Embidaria (Embiide).
29. Zoraptera (Zorotypus).

. *30. [Isoptera (Termitidae).

This list is, doubtless, incomplete since our knowledge
of the habits of many insects, especially of the tropical
species, i1s still very unsatisfactory. I might have
included the Australian species of Perga belonging to the
Tenthredinidz and a number of Heteroptera, the females
of which guard their eggs and just hatched young, but
these and similar cases grade imperceptibly into the
infrasocial forms. From the list as it stands, and from
considerations to be developed in future lectures, it
will be seen that social organization has been attempted
on at least thirty different occasions, and in eight very
different natural orders. At least twelve of these
groups, designated by asterisks, have become definitively
social ; the remainder have not progressed beyond very
rudimentary beginnings. Some of these subsocial
insects, especially the Coleoptera, are very interesting,
but their habits are so diverse that I shall have to refer
you to the brief account which I have given of their
activities in my ‘‘ Social life among the Insects ”. Here
a sketch of the habits of the social Silvanide which
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I first observed during the summer of 1920 in British
Guiana will have to serve as a paradigm of the whole
series.

These beetles, which Messrs. Schwarz and Barber have
named Cocctdotrophus socialis and Eunausibius wheelers
(Fig. 1a and b) are less than a quarter of an inch in length
and have long, slender, subcylindrical, red or chestnut
brown bodies, with short legs and club-shaped antenna.
They occur only in the hollow leaf-petioles of a very
interesting tree, Tachigalia pansculata, and only in young
specimens, one-and-a-half to seven feet high while
they are growing in the shade under the higher trees of
the jungle. The older trees, which mayv attain a height
of forty feet or more, have all their petioles inhabited by
viciously stinging or biting ants, (Psewdomyrma maligna
and crucians, Azteca foveolata). Each beetle colony
is started by a male and female which bore through the
wall of the petiole, clean out any pith (Fig. 1¢) or remains
of previous occupants it may contain and commence
feeding on a peculiar tissue rich in proteins, which is
developed in parallel, longitudinal strands in the wall
of the petiole (Fig. 1d and ¢). As thev keep gnawing
out this tissue thev gradually make grooves and pile
their feces on the ungnawed intervening areas so that
the interior of the petiole assumes a pecuhiar appearance.
While the beetles are thus engaged, numbers of small
mealy-bugs of the genus Preudococcus (Ps. brevipes),
covered with snow-white wax, wander into the petiole
through the opening made by the beetles, settle in the
grooves, sink their delicate sucking mouth-parts into
the nutritive tissue and imbibe its juices. The beetles
soon begin to lay their small, elliptical, white eggs along
the edges of the grooves, and the hatching larva, which
are beautifully translucent, run about in the cavity,
and feed on the same tissue as the parents. But
incredible as it may seem, both the adult beetles and the
larve in all stages have learned to stroke the mealy-
bugs with their antenna, just as our common ants
stroke similar mealy-bugs and plant-lice and feed on
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the droplets of honey-dew, or saccharine excrement
which they give off when their backs are properly
titillated. So greedy are the Silvanids for this nectar
that I have seen a beetle or a larva stroke a mealy-bug
for an hour or longer, and receive and swallow a drink
every few minutes. When two or more beetles or two
or more larve or a group of beetles and larve happen
to be engaged in stroking the same mealy-bug, they
stand around it like so many pigs around a trough, and
the larger or stronger individual keeps butting the others
away with its head. The butted individuals, however,
persistently return and renew their stroking till the
knocks become too severe or the stronger individual
departs and begins to stroke another mealy-bug. Thus
the beetles and their progeny have discovered a rich
food supply consisting in part of the proteid-containing
tissues of the Tachigalia and in part of the sugar and
water discharged by the mealyv-bugs, which in tumn
imbibe the sap of the tree. The beetles lay their eges
at intervals, so that larve in all stages are found in the
same colony. When mature each larva constructs a
cocoon of minute particles bitten out of the plant tissues,
creeps into it, closes the opening from the inside and
pupates. When the young beetles emerge they remain
with their parents and soon begin to lay eggs, so that
eventually the colonv consists of several dozen beetles,
larvae, pupz and mealy-bugs in all stages and all living
peacefully together, except for the little family bickerings
of the beetles and larvee over the milking of their patient,
snow-white cattle. When the petiole becomes too
crowded, pairs of young beetles leave it,enter other petioles
of the same or other Tachigalia trees and start new
colonies. As the tree grows and emerges from the under-
growth into the sunlight, the ants, which then take
complete possession of it, oust the beetles from the petiolar
cavities but adopt their mealy-bugs just as the invading
German army appropriated the French cattle. The
foregoing account applies to Coccidotrophus socialis,
but the much rarer Eunausibius has very similar habits.
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More recently Dr. W. M. Mann has discovered a second
species of Coccidotrophus (C. cordie Barber), which lives
in essentially the same manner, and with the same
mealy-bugs in the cauline swellings of another myrme-
cophyte, Cordia alliodora, in Bolivia.

It has taken me so long to answer the first of the four
questions which I propounded at the beginning of this
lecture that I shall have to be very brief in myv answers
to the three others. Our second question was: Can the
social insects be shown to have had an evolution? I
take it that we all accept the theory of evolution at least
in the sense of ‘‘ transformism ”’, and that we should
all take an affirmative answer to the question for granted.
Moreover, this whole course of lectures will, I hope,
corroborate and give more definite outlines to this belief.
At the same time, it must be admitted that our very
meagre knowl:dge of the various groups to which most
of the subsocial insects belong makes it impracticable
at present to give anyv account of their evolution. They
are mostly tropical and are either imperfectly known
or 1solated and sporadic representatives of larger groups,
which have never been subjected to extensive com-
parative ethological study, so that we are unable to
construct the probable course of their phvlogenetic
development. For example, the beetles above described
belong to the Coleopterous family Silvanidz, most
species of which have veryv simple, nonsocial habits,
but if we kncw the tropical species most closely allied
to Cocridotrophus and Eunausibius we might be able
to throw some light on their peculiar behaviour. We are
in the same predicament in regard to the Ipidz (Scolv-
tide), Platypodide, etc. Owing to this dearth of data
we shall have to confine oursclves to the evolution of the
truly social groups, which belong exclusively to the
Aculeate Hymenoptera and the Isoptera. Fortun-
ately thev have been studied so intensively and exten-
sively and by so many investigators that we can draw
on a very considerable body of accurate observations
and experiments.
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Subsequent lectures should also answer the first part
of the third question, i.e., as to the evolutionary peculi-
arities of the social insects, but the second part, concern-
ing the methods to be employed in elucidating their
evolution may be briefly discussed in this place. We are,
of course, concerned with the phyvlogeny of insects
characterized by a peculiar type of behaviour, and as
there is no such thing as fossil behaviour we can only
infer its presence or absence from the morphological
structure and correlated behaviour of the species living
at the present time, We are compelled, therefore, to
proceed historically. Of late there has been considerable
discussion, especially in Germany, as to the precise
relations of biology to history and of history to philosophy,
and what most of us older investigators have long known
seems now to be acceded, namely that biology in the
broad sense and including anthropology and psychology
is peculiar in being both a natural science and a depart-
ment of history (phylogeny)." But from the stand-
point of the biologist pure sangue, who regards his
science as nothing but a continuation of physics and
chemistry and therefore capable of development solely
by direct observation, experimentation and mathe-
matics, the student of phylogeny or of the historical
aspect of organisms is in an unfortunate position. He
cannot observe or subject to experiment the functioning
and behaviour of extinct forms so that all his attempts
to reconstruct the living past of animals and plants
must be more or less indirect, inferential and problem-
atical. He cannot even adopt the methods of the
archzologist because, except in extremely rare instances,
there remain no objects constructed by extinct animals.
The only examples that occur to me are the fossil nests
of Eumenine wasps described by Handlirsch (1910)
from the Upper Oligocene of Flérsheim and the hills
of the larger Attine ants which Branner (1900) believes

T See especially the erudite works of H. Rickert (10z1), Kroner
(1913, 1919}, Mehlis (1915), Dirken and Salfeld (1921), Schaxel (r922)
and A. Meyer (1923, 1926).
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to have persisted in some cases through geological
epochs. If I may be permitted to use the language
of present-day psycho-analysts, the student of phylogeny
can only compensate for his inferior position as com-
pared with that of the experimental and statistical
biologist by exhausting and even overworking the
meagre methodological resources at his command.
These resources, which are certainly less limited in
entomology than in many other fields, comprise the
following :

(1) The paleontological data. These are numerous
and have been of late critically reviewed and
greatly increased by competent entomolog-
ists familiar with the allied living species.
And although the record from certain geo-
logical periods is deplorably meagre, enough
forms have been preserved to present a
consistent picture of the evolution of most
of the orders and of many of the families of
the winged insects (Pterygogenea). These
data constitute, of course, the most precious
sources for the student of phylogeny.

2) The comparative morphologv, ie., the com-
P rphoiogy
parative anatomy and ontogeny of existing
insects.

(3) The vast accumulation of codified and classified
data of taxonomy, or biotaxy, based very
largely on the external morphology of existing
species.

(4) The data of the geographical distribution, or
biogeography of existing and fossil species.

(5) The comparative ethology, or behaviour of
existing forms."

T Schaxel (1922) has recently published a severe indictment of
phylogeny. His discussion, however, reveals a singularly inadequate
acquaintance with the actual technique of the subject, as A. Meyer
has shown (1926).
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In lectures like those I am attempting, certain of
these data are easily presented, especially portions of the
fossil record and comparative morphology of existing
forms, but the innumerable intricate taxonomic and
biogeographic data, which as evidence acquire their full
force and significance very largely from their accumulated
mass, cannot be satisfactorily presented even to an
audience of biologists. Evaluation of these data
is possible only to the entomological specialist, so that
an attempt to cite a great array of generic and specific
names before an audience that has never handled nor
even seen the designated insects would under the most
favourable circumstances induce slumber, and under
the most unfavourable actual coma. I fear that I shall
not be able to avoid a considerable amount of this
soporific material. There are also certain unfortunate
conditions attending the presentation of ethological
matters. Although thev are fascinating, they have a
subordinate value at present, since notwithstanding our
ability frequently to infer the phvsiological function of
an organ from its structure, we tread on very insecure
ground when we attempt to infer bchaviour, which
involves the organism as a whole, from its morphological
components. Moreover, ethological facts, especially
in such highly specialized forms as the social insects,
require so many words for their adequate description
that they are not very well suited for presentation in
lecture form.

Our fourth question was concerned with the general
causes or conditions of evolution in the social insects,
with the ®tiology of the process, as Huxley would have
called it, and naturally resolves itself into a number of
intricate problems. Several of these will occupy us in
subsequent lectures. Obviously the evolution of the
social insects cannot be treated without reference to the
problems of organic evolution in general, but problems
of more special interest are suggested by the unique
behaviour of the insects as social organisms. They are
undoubt«dly descended from solitary forms which acquired
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their fundamental structural and behaviouristic characters
in response to an environment like that of other non-
social insects. But the development of permanent
social living has created a new and extraordinary environ-
ment, continuous multi-millenial response to which has
produced certain new characters that have come to
modify, overlay and sometimes to mask the original
inherited physiological, behaviouristic and even the
morphological, pre-social endowment. Social life, as
might easily be shown did time permit, must profoundly
influence the very fundamental organic activities of
reproduction, nutrition and protection, for all of these
have to be regulated in a very different manner in a social
as compared with a non-social species. Doubts are
sometimes expressed as to whether the human individual
shows any inherited effects of social living, since even
language has to be learned anew by every child. But
human society is a very recent affair compared with the
most recent insect societies. In the latter there can be
no question that the effects of social activities have
become hereditary, that manv of their instinctive,
physiological and structural peculiarities have acquired
some kind of a representation in the germ-plasm. It
will be advisable, therefore, in tracing the evolution of
the various social insects in subsequent lectures to
enter upon a more detailed description of these socially
induced peculiarities.

Another more general problem is suggested by the
insect socicty, or colony as a whole, which as I have
shown in another place (1911) is so strikinglv analogous
to the Metazoan body regarded as a colony of cells, or
indeed to any living organism as a whole, that the same
very general laws must be involved. But the biologist,
with his present methods is powerless to offer any solution
of the living organism as a whole. He cannot appeal to
the entelechy or édlan wital however suggestive and
emotionally satisfving such agencies may be to the
philosophers, nor does it help him to be told that a
swarm of bees or a colony of ants or termites has a
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“superentelechy ", ““ une ime de la ruche”’, or spirit of the
hive, to use the terms of Réaumur and Maeterlinck,
conceived as controlling the entelechies of the various
individuals. This is merely another photograph, and
a very dim and elusive one at that, of the problem.
We can only regard the organismal character of the
colony as a whole as an expression of the fact that it is
not equivalent to the sum of its individuals but represents
a different and at present inexplicable *‘ emergent
level ” in the sense of Alexander (1920), Sellars (rg922),
C. Lloyd Morgan (1923), Parker (19z4), Wheeler (1926},
Smuts (1926) and others.

In conclusion, I may enumerate very briefly the
subjects of the subsequent lectures, which are restricted
to the truly social insects belonging, as we have seen,
exclusively to a single large division of the Hymenoptera,
the Aculeata, and the order Isoptera, or termites.
In the second lecture, I shall attempt to deal with the
general phvlogeny of the Aculeata, in the third to sixth
lectures, with the more special evolutions of the wasps,
bees, ants, and termites. The seventh and eighth wiil
be devoted to the problem of polymorphism, or pleo-
morphism, a phenomenon which has resulted from the
incisive division of labour incidental to social life. In
the ninth I propose to discuss the reciprocal activities
or intercommunication of stimuli and food (trophallaxis)
among the social individuals and in the tenth and eleventh
lectures the wvarious tvpes of parasitism that have
developed out of this reciprocity, both among the social
insects themselves and between them and alien insects.
In the concluding lecture I shall indicate the probable
course of future development in insect societies or their
fate on a planet, the natural balance of whose faunas and
floras is being rapidly disturbed by a much younger
and more powerful social animal—man.
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THE ORIGIN OF THE TEREBRANTIA AND
ACULEATA

WitH the single exception of the termites, all the groups
of really social insects recognized in the preceding lecture,
are confined not only to a single order, the Hymenoptera,
but also to a single sub-order, the Aculeata. And since
these social organisms have undoubtedly arisen from
solitary species still represented by more or less closely
allied forms in the existing fauna, we are confronted
with the problem of the phylogenetic origin of the order
Hymenoptera as a whole and of the Aculeata and each
of its eleven social types in particular. So much
interesting material bearing on this problem has been
accumulating during recent years that even for its brief
consideration this and the three following lectures will
be required. We may perhaps reach nothing more
conclusive or satisfactory than has resulted from other
similar phyvlogenetic disquisitions but we shall encounter
many singular and suggestive phenomena which, I
trust, will lose none of their intrinsic value by being
interpreted as representing significant stages in a very
long and complicated evolutionary process. I believe,
moreover, that such a review as the one I am undertaking
is really necessary for the purpose of discriminating
between the ancient morphological and behaviouristic
characters, which the social insects still retain as a
heritage from their solitary ancestors, and those which
they have more recently acquired in response to their
peculiar communal environment.

The Hymenoptera are a singular and sharply char-
acterized order of immense extent. According to
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Handlirsch 70,000 species have already been described
and the number of existing species has been estimated
at about 200,000. There are nearly 100 families em-
bracing many hundred genera. The order is, therefore,
next to the Coleoptera, the largest in the class Hexapoda.
That such an order should have been very unevenly
investigated notwithstanding the host of talented
entomologists who for more than a century have devoted
their lives to the task, will astonish no one who realizes
its magnitude, intricacy and difficulty.

It did not escape that remarkable taxonomic genius,
Latrcille, that the order Hymenoptera may be most
naturally divided into three sub-orders, which he called
Phytophaga, Terebrantia and Aculeata, the first com-
prising the sawflies and horntails, the second the parasitic
and gall-producing species and the third the wasps, bees
and ants. In their essential outlines these groups have
been retained down to the present day, though masked
by the introduction of new names and an increasing
and well-founded conviction that the Terebrantia and
Aculeata are really much more closelv related to each
other than is either to the Phytophaga. Other ento-
mologists have called this latter sub-order Sessiliventres,
Symphyta, or Chalastogastra and have used the terms
Petioliventres, Apocrita, or Clistogastra for the Tere-
brantia plus the Aculeata. Handlirsch (1g24), in
Schroders ““ Handbuch der Entomologie ” is, I believe
to be commended for having recently returned to the
Latreillean trinary division and terminology. The
Austrian entomologist, however, has added a fourth
sub-order, the *‘ Pelecinoidea ”, for the single American
genus Pelecinus, which has always been regarded
merely as an aberrant Terebrant. This is not so com-
mendable, and the same may be said of Rohwer’s
(x917) and Bradley’s (Comstock, 1924) recent attempt
to make a sub-order ‘“ Idiogastra ” out of the old family
Orysside, which obviously belongs among the Phyto-
phaga. Certain familics of anomalous character, com-
prising the Trigonalide, Chrysidide, Cleptide, Bethylide
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and Rhopalosomatidz, have been shifted back and forth
between the Terebrantia and Aculeata. All authors
agree that the three sub-orders are to be arranged in
an ascending senes, the Phytophaga being in structure
and habits the most primitive and most nearly ancestral,
the Aculeata the most recent and most highly specialized
group.

Let us leave for the moment the interrelationships of
the three sub-orders and turn to the question of the
phvlogenetic origin of the Hymenoptera as a natural
group. Till very recently the position of this order, as
determined by the morphology of the species and dearth
of significant fossil material has been one of isolation
among the other orders. While most of the latter could
be traced back through the palcontological record with
more or less probability either to Palaodictyvopteroid
or to Protoblattoid ancestors, the Hymenoptera were
left hanging in a void. The older entomologists and
Ashmead (1896) more recently were inclined to ally
the Hymenoptera with the other higher Metabola
{Lepidoptera, Diptera, etc.), but Handlirsch (1908)
in his grcat work on the fossil insects endeavoured to
derive them from the Protoblattoids and placed them
next to the Colcoptera, which were supposed to have
had a similar ancestry. His arguments, however, have
not been generally accepted. He reviewed all the fossil
evidence, which consisted of some fifteen species of
Pseudosirex from the Jurassic (Malm of Solenhofen
Bavania and Lower Purbeck of England), a single
Tercbrant (Ephialtites jurassicus Mcunier) from the
Malm of Cataluna, Spain and a great number of species
of the most various familics from the Tertiary of Europe
and North America. The species of Pscudosirex are
very similar to recent Siricida and are merely interesting
as showing the great antiquity of this already highly
specialized familv of wood-boring Phytophaga. The
Ephialtites is undoubtedly a true Tercbrant, but is so
poorly prescerved that it might be referred to any one of
several existing familics. Handlirsch regarded it as an
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of an independent development of complete meta-
morphosis in the Hymenoptera.

Returning now to the evolutionary process within the
Hymenopteran order, we may profitably confine our
remarks to a very brief account of the three sub-orders
and their interrelations. Handlirsch is undoubtedly
right in stating that the existing forms are all so highly
specialized in particular directions that phylogenetic
derivations become very speculative. The first group
to be considered, the Phytophaga, or Symphyta, is,
as previously stated, unanimously regarded as the most
primitive. Similar agreement prevails in regard to the
relationships of the families within this sub-order.
Thus the leaf-eating Pamphiliide and Xvelide may be
properlv regarded as the most ancient not only of all
existing Phyvtophaga but of all existing Hvmenoptera.
From the Xyelide, one series of developments seems
to have led to the Tenthredinida and Cimbicida, another
from the Pamphiliide to the wood-eating Siricide,
Xiphydriide and Cephida and to the peculiar family
Oryvsside, which appears to be an oftshoot from the
Siricidee. This course of development, shown in the
accompanving table of Yuasa (1922). is supported by
the studv of both adults and larve. The larva of the
Pamphiliide are regarded by Handlirsch as the most
primitive among Hymenoptera.® They are cvlindrical,
with three pairs of well-developed thoracic legs and
a pair of cerci, but without abdominal prolegs. Yuasa
(1922), however, regards an eruciform larva wth ten
pairs of abdominal prolegs as the archetvpe. This is
approached by the Xvelide and Tenthredinide. In the
wood-boring Cephide (Middleton 1927), Xiphyvdriide
and Siricide (Yuasa) the abdominal prolegs have
disappeared and the thoracic legs are much reduced.
The Cephid larva, however, retains eyes and cerci.
Finally in the Orvssidae all the thoracic and abdominal
appendages have been lost and the larva is vermiform

I For good accounts of the life-histories of Pamphiluds see H. Schmidt
(1910} and H. C. Severin (1920).
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like that of the Terebrantia. This condition is explained
by the fact that the larva of Oryssus, as Burke (1917)
has recently shown, is parasitic on the larvae of various
Buprestid beetles. (See also Rohwer and Cushman,
1917 and Comstock, 1924.)

HégHj Oryssida
SPecializcd Tenthredinidae Siricida
(Speclqhzzi) XiPhjd\ld&

Specialized | Tenthredinidz
P (generchzed\ \ /Ceplnida
\ /
Xyclié& \/
Generalized \ ampkihida
/
L

Primitive
PHYLOGENETIC TREE INDICATING THE PROBARLE AFFINITIES OF THE
VARIOUS FAMILIES OF THE TENTHREDINOIDEA. ({After Yuasa.)

Pro—SymPhy}a

There appear sporadically among the Phyvtophaga
certain ethological peculiarities which become more
strongly accentuated and more widely distributed among
the Terebtrantia and Aculeata. I have just alluded to
the parasitism of Orvssus, the onlv known case in the
sub-order and clearlv foreshadowing the universal
occurrence of the phenomenon in the Terebrantia.
Though all Phvtophaga are vegetarian as larve, the
adults of some of the sawtlies, especially of the genera,
Tenthredo and Tenthredella (Mrazek, 1gog, Rohwer,
191324, and others) are decidedly entomophagous.
Parthenogenesis, moreover, a phenomenon of great
frequency among the Terebrants and Aculeates, seems
to be wellestablished in the Tenthredinide. The
males of many species are much scarcer than the females.
According to MacGillivray (1914), von Siebold found
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that the males of only one-fifth of the German species
were known, and Cameron was able to recognize the
males of only one-third of the British species. When
parthenogenesis occurs it is apparently mixed or indeter-
minate, since in some sawflies the unfertilized eggs are
known to produce only males (arrhenotocous), in others
only females (thelytocous), and in still others both
sexes (ampherotocous). So far as known, and with some
exceptions, the unfertilized eggs of Terebrants and
Aculeates produce only males. Gregarious and sub-social
habits are frequent in the Tenthredinida, especially
during the larval and pupal stages, but for lack of time
cannot be adequately treated in this lecture.”

While the Clistogastra, embracing the Terebrantia
and Aculeata, are readily distinguished from the Phyto-
phaga by the petiolate abdomen, more ot less reduced
wing-venation, highly vermiform larva and differences
of habits, it is not so easy to draw a hard and fast line
between the Terebrantia and Aculeata. One of the
best distinctions lies in the fact that the ovipositor in
the Terebrantia has separate apophyses and is used for
depositing the eggs in or on other insects or in plant
tissues whereas in the Aculeata it has the apophyses
fused and is modified to form a sting which is used as an
organ of attack or defence and not for oviposition.
There are exceptions, however, since the Sapygide,
which are placed among the Aculeata, use the ovipositor
like the Terebrants, and the Trnigonalide, which are
assigned by most hvmenoptenists to the latter sub-
order, have the ovipositor so greatly reduced that it can
be of no use in oviposition. There are also a number
of Aculeata (Chrysidide, many ants and some bees) in
which the sting is similarly vestigial.

t For reference= to some of the literature on this topic see my ‘‘ Social
Life Among the Insects,”” 1923, p. 290-292. The papers by Curtis
(1845}, F. Smith (1866} and Ducke (1916) also contain interesting
accounts and figures of the social cocoons of Brazilian sawflies of the
genus Dielocerus. The singular sociai larva observed by Mann and
myself in British Guiana and Bolivia (Wheeler and Mann, 1923) may
also belong to this genus.
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Hymenopterists agree in regard to the phylogenetic
derivation of the Clistogastra from primitive Phyvto-
phaga and in the belief that Terebrantia are more
intimately related to the Phytophaga than are the
Aculeata, but disagree as to which family of Terebrantia
is the most primitive and as to whether the Aculeata
arose from Terebrantia or had an independent origin
among the Phytophaga. Handlirsch (1908) regarded
the Ichneumonid® as the most primitive group of Tere-
brantia and as having given rise to the Aculeata. Brues
(1921) rejects this view so far as it concems the origin
of the Terebrants and regards the Stephanida as the
family which links up most naturally with the Phyto-
pbaga. He says: ‘ The Stephanida are structurally
primitive and strikingly like the Oryssida in the peculiarly
hormed head which had been remarked on before the
habits of the Oryssids were known. On account of the
presence of a costal cell in the wing, the polvmorphic
family Evaniide is necessarily also more primitive than
the Ichneumonide or Braconide and although one
sub-familv, the Fcenin®, resemble the Stephanide,
as has been already noted by Bradley. Some Braconida,
the Stephaniscinz, Spathiine and Hormiinz, are much
like Stephanids, so much so that it is difficult to believe
that they are not directly derived from them. One
other family, the Capitoniide, recently segregated from
the Braconid®, appears to be very definitely related
to the more generalized Evaniid® (Aulacinz). Omit-
ting in this brief consideration several less pertinent
families, and ignoring other recently segregated ones,
we have left only the Ichneumonide, related possibly
through the Alysiide to the Braconide. Structurally
this relation seems plausible, but as the Alysiids attack
almost exclusively the highly specialized Diptera it is
very difficult to regard them as closely related to the
ancestors of the Ichneumonidez, so highly diversified
in habits and structure. The latter then are not so
easily derived and may go back to Evaniid-like forms .
Brues also points out the singular association of the
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is naturally so convinced of the high adaptive speciali-
zation of all parasites that he avoids using them as
hypothetical ancestors, but this objection does not
hold in the present instance, if we regard the Tere-
brantia as a peculiar class of predators, or parasitoids,
especially as the lower Aculeata have the same habits.
This has been clearly stated by Picard in his valuable
work on the insects of the fig-tree (1919, p. 167). He
says : ‘It is difficult to see how the mode of life of an
externally feeding Terebrant differs from that of certain
predators, such as the Scolias. Both approach their
prey and without moving it, attach to it an egg which
will produce a larva similarly attached. The opinion
of Lepelletier, who took great pains to prove that the
Scolias could not be regarded as parasities, no longer
seems to us to be of much interest. A Polysphincta
larva on a spider is quite comparable to that of the
Pompilids and especially to those Pompilids which
enter the nest of a spider and oviposit on it without
dragging it forth and burying it. It is true that
the predators paralyse their victims, but the Tere-
brants also possess a poison gland and many of them
immobilize the larve which they attack, at least feebly
and momentarily ”’.

I shall not be able to discuss at length the many
extraordinary modifications exhibited by the ontogeny
of the Terebrants, such as polvembryony, which has been
so carefully studied within recent vears in France, Italy
and the United States. The more frequent phenomena
of hypermetamorphosis, however, call for a partial
consideration in connection with a peculiar and very
primitive family, the Trigonalide, concerning the
affinities of which hymenopterists have shown the
greatest diversity of opinion. Some (Westwood, Ash-
mead, Schimedeknecht) have regarded these insects
as primitive Aculeates, while others (Borner, Handlirsch,
Bradley, etc.) regard them as primitive Terebrants.
Such different allocations would imply that the family
should be placed near the point of bifurcation of both
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the Terebrants and Aculeates from the ancient Phyto-
phageous stem of the Hymenopterous order.

W. A. Schulz, who monographed the Trgonalidz
in 1907, describes the family as containing forty-two
species, seventeen genera and five sub-families, dis-
tributed in various parts of the world. The species,
however, are all very rare and local and apparently on
the verge of extinction. They are rather small, often
vividly spotted or banded, with a very archaic appear-
ance (Fig. s), showing a bewildering mixture of Phyto-
phagous, Terebrant and Aculeate traits. The
multiarticulate antennz and the number of abdominal
segments are Terebrant but the head recalls the saw-
flies and the general form of the body the Bethylidze
and the shape of the abdomen the Mutillide. In
some species (Bareogonalin® and Nomadininz) the
anterior portion of the head is prolonged and snout-like,
like that of the Mecoptera. Cerci are present, but the
ovipositor is reduced to a minute vestige. Borner (1919)
found the maxille to possess well-developed paraglossal
appendages and to be so much more primitive in struc-
ture than in other Tercbrantia that he created for the
family a special section, the ‘“ Archiglossata”. The wing-
venation is very primitive, and in usually possessing three
closed cubital cells is much like that of Aculeates. The
tarsi have well-developed plantar vesicles, structures
which, according to Borner, are lacking in Terebrants
but of frequent occurrence among Phytophaga and
Aculeata,

The habits of Trigonalids are very imperfectly known
and, as I shall endeavour to show, have been incorrectly
interpreted. The insects are usually seen flving near the
ground and alighting on the low vegetation in places
where social wasps are common. This and the following
data have led authors to regard them as parasitic in
the nests of Vespids: A single specimen of the South
American Seminota depressa was shaken from a nest of
Polistes canadensis in the British Museum, and a specimen
of S. mejicana from a nest of Parachartergus apicalis in
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head, completing its development in precisely the same
manner as those individuals which happen to have chosen
Varichzta as their host”’. The further development
of the Perilampus planidium on the parasites of the
web-worm is very similar to that of Orasema, since the
minute parasite after feeding externally produces a
vermiform larva before pupation (Fig. 8¢). Thus
Perilampus hyalinus behaves as a superparasite. Both
it and other species of the genus have been bred from
several other caterpillar parasites, which are listed by
Smith, but there are records of Perilampus bred from
other insects (Chrvsopa, Amnthomomus grandis and the
Sarcophagid parasites of grasshoppers). In 1915, W. R.
Thompson published an account of the internal anatomy
of an unidentified planidium which he found on Noctuid
caterpillars feeding on witch hazel (Hamamelis virginica)
at Jthaca, New York, and in 1922, Miss Norma Ford
described a planidium of a Perilampus which she found
attached to a meadow grasshopper (Conocephalus
fasciatus). In this case the true host is probably the
larva of a Sarcophaga, species of which have been shown
by Swenk (1g911), Kelley (1914), and others, to be parasitic
in grasshoppers.

In his papers of 1916 and 1917, Smith also solved the
problem of the place in which the Perilampus female
lays her eggs. After breeding P. chrysope from Chrysopa
cocoons he succeeded in observing the oviposition of the
parasite. The eggs are laid singly on the leaves near
Aphis colonies infested by Chrysopa larve. The female
deposits about fifty of her mimnute eggs in a single day.
* The egg is very faintly attached to the surface of the
leaf at one end. Hatching takes place in seven to ten
days and the first larval stage is of the planidium type
described in the above mentioned paper (1912). For
several days previous to hatching the dark-coloured
planidium can be plainly discerned through the
transparent egg-shell. The planidium is active immedi-
ately upon hatching, crawling rapidly about, but soon
it attaches itself to the leaf bv means of the caudal
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sucker and stands out at right angles to the surface.
In this position it remains for days at a time, motionless,
excepting when some insect comes within its reach,
when it suddenly becomes frantically active, reaching
and swaying back and forth in its attempt to attach
itsef to the prospective host (the Chrysopa larva).
If the latter should unfortunately come too near, the
plartdium attaches itself with lightning-like quickmess
to a hair or bristle of the host. It then leisurely crawls
down the hair to the host’s body and attaches itself
by its mouth hooks. Quite often the planidia are found
attached to the egg-stalk of Chrvsopa, assuming a
position at right angles to the axis of the stalk. This
shows an interesting instinct in the planidium, since
it may and actually does, as the writer has observed,
waylay the young Chriysopa larva as it leaves the egg
and crawls down the stalk. The prescience of the
mother Chrysopa in placing her eggs at the end of a
long egg-stalk to overcome the cannibalistic propensities
of her progeny is in this case their undoing, since the
planidium attached to the Chrvsopa egg-stalk is sure to
reach its proper host, while those upon the surface of
a leaf are quite as likely to attach themselves to an
Aphid or other insect ”. Smulvan (1916} has, in fact,
found a Perilampus planidium attached to the antenna
of an Aphid. In tracing the further development of
P. chrysope, Smith found that the planidium clings to
the Chrysopa larva without feeding till the latter is
ready to pupate, though it may be occasionally removed
from the host by ecdysis. After the Chrysopa larva
has spun its cocoon and pupated, the planidium begins
to feed and develops after the manner of P. hyalinus
previously described.

Further interesting and important observations have
also been made within recent years on the Eucharide,
which like Orasema are all ant-parasites. Forel in 1890
found an adult Ewucharis myrmecie in a cocoon of an
Australian bulldog ant (AMyrmecia forficata). More
recently Brues (1919) has described the planidium and
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though it does not, of course, prove that the eggs of
Orasema are laid in the ant-nests.

After this review of the complicated development of
the Perilampide and Eucharide as ascertained by
American entomologists, we may return to the Trigonal-
idze. It will be noticed that the very rare and sporadic
occurtence of these insects both in the adult and larval
stages, and the occurrence of the latter both as primary
parasites and hyperparasites in very diverse hosts
points to a development with a minute, active, first
larval stage like that of the Perilampids and Eucharids.
This becomes practically certain when we turnto Bugnion’s
anatomical observations on the fernale of the European
Pseudogonalos hahni. He says: * The female possesses
neither ovipositor nor sting. All that can be seen are
a few small chitinous pieces situated at the orifice of the
genital canal and probably serving to hold the penis
during the copulatory act”. And his description of
each ovary shows that it consists of as many as 300 to
400 slender ovarioles, each containing a series of very
minute eggs, only 0.18 mm. long. Counting five eggs
to an ovariole, as represented in his figure, a single
female would produce between 3,000 to 4,000 ova!
Bugnion seems not to have noticed the significance of this
extraordinary fecundity, which is much greater than
that of the Japanese Schizaspidia described by Clausen.
It can only mean, when we consider the great rarity
of the Trigonalide in all their stages, that there must
be an enormous wastage of eggs and this can only be
due to a mode of oviposition and development like
that described foy the Perillampid® and Eucharidz.
The minute eggs are probably laid on the leaves of
bushes or weeds and the emerging larve are probably
much like planidia and attach themselves to passing
wasps or caterpillars, thereby gaining access to the brood of
the former and the Hymenopterous or Dipterous
parasites of the latter.

Certainly the first larval stage of the Trigonalids
when found will be of great interest, since it may well
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be, if we may judge from the archaic habitus of the adult,
of a more primitive and more generalized type than the
planidia of the Chalcidoids above described. Perhaps
it actually has thoracic legs and would, therefore, be a
true triungulin. The striking resemblance both in
structure and behaviour of the Hvimmenopterous planidium
to the triungulin larva of the Meloid and Rhipiphorid
Coleoptera and the Strepsiptera has been remarked by
several observers.®

There are, furthermore, both among the Terebrantia
and Diptera a number of first larval forms which resemble
planidia and others, like the cyclopoid and eucoiliform
larve of certain Platygastride and Cynipoidea, which
seem to represent peculiar modifications of the planidial
type. Richardson (1913) and Mrs. E. H. Wheeler
(x923) have distinguished at least ten or a dozen different
first larval types among the Terebrantia and H. L.
Parker (1924) has published an elaborate paper on the
larval forms of Chalcids. Among the Diptera planidium-
like larve occur among the Acroceride, and active
first stage larvae which behave like planidia occur among
the Nemestrinide, leaf-ovipositing Tachinide and
Bombyliilde.?

ot For recent accounts of the larvae of American Meloida and lists ot
literature see the papers of Wilhams and Hungerford (1014), Milliken
{1921), Parker and Boving (1924), and Brues (1924a).

? The Acroceride and Nemestrinida are particularly interesting in
connection with the Trigonaiile, because the two Dipterous f{amulies
are similarly rare, sporadic and archaic insects, which lay a great
number of minute egys at a distance from the hosts, but in their general
environnient. King (1916} has shown that the female Pterodionca
flavipes flies up aud down iu front of a tree-trunk and shoots her eges
at the bark to which they stick. The active planidium-like larvae
attach themselves to passing spiders, bore 1nto their bodies and then
become plump, vermiform larvae. The Nemestrinids lay their very
slender eggs in abandoned beetle burrows in fence posts or rails, and
the just-hatched larvae stand erect and allow tLemselves to be blown
by the wind over the fields, where they apparently attach themselves’
to Scarabzid beeties (Rhizotrogus) and eventually become parasites
in the pupz of their progeny. (See Adam Handlirsch 1882, Erauer
13334, and 18335, anl Bruch 1917a). The Bombyluda are much more
abundant insects than the Acrocerids and Nemestrinids because the
female Ia_)'s her eggs very near the larval hosts. {See Shelford 1913,
Fabre, Riley, 'Chapman, etc.}) Clausen, King and Teraniwshi {1927 have
recently published an account of two interesting Tachinid fly parasites
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Types of development with active triungulin or campo-
deiform larval stages are known to occur also in certain
Neuroptera, e.g., Mantispa (Brauer, 1869) and Coleoptera,
e.g., the Carabid Lebia scapularss (Silvestri, 1q05),
which is parasitic on the elm-leaf-beetle and several
Staphylinids of the genus Aleochara, which parasitize
the puparia of various Muscids (Wadsworth 1915, Scott
1920, Kemner 1926). In all these cases entomologists
speak of hypermetamorphosis, because there are at
least two distinct larval forms, a minute, active and
abstemious first stage larva, which seeks out the host and
a lethargic, gluttonous and obese second stage larva
which develops after securing contact with the latter.
Braver (1869) and more recently Heymons (1907)
have objected to this use of ‘* hypermetamorphosis ”
on the ground that it should be applied only to cases
like the Meloid=, originally described by Fabre, i.e., to
cases in which a quiescent larval instar (pseudochrysalis
or coarctate larva) supervenes after the trophic larval
stage and before the true pupa. It is probable, however,
that entomologists will continue to use the term as here-
tofore for cases of successive larval di- or polymorphism.
Brauer’s and Heymons’ contention that such cases
cannot be sharply differentiated from those of ordinary
metamorphosis would carry more weight if biological
phenomena in general lent themselves more easily to
precise logical discrirination.

More important than the academic question of the use
of terms is the question as to whether we are to regard
such tyvpes of development as those of the Perilampide,
Eucharide and Trigonalidz (presumably) as more
primitive than the ordinary Hymenopterous type of
development or as having been secondarily acquired.

of the beetle Popillia japonica, which show a striking contrast in the
number of eggs 1aid and the first larval stages. Centefer cinervea, which
oviposits on the thorax of the beetle, produces only 62 eggs and has no
specialized first larval stage, whercas Prosena stberiia produces 8oo eggs,
which hatch in the uterus of the mother. The young iarva are active
and somewhat like planidia. They are laid on the ground into which
they bore in search of their hosts, the grub of the Popillia.
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Some authors have taken the latter view. Brues (19195)
expresses this very clearly when he says, “it is evident
that the planidium and triungulin have been interpolated
in the larval development just as the whole larval stage
has been added to the lifeycle of the metabolous insects.
Their presence, especially in Hymenoptera, is quite
secondary . I entertain serious doubts concerning the
accuracy of this inference. Cases like Mantispa,
Aleochara, Lebia, the Meloidz, Acrocerida, etc., seem
to me to indicate very clearly that the obese vermiform
larval stage has been intercalacted secondarily and that
the triungulin or planidium, so like the typical and
admittedly primitive campodeiform larva of most
Megaloptera, Neuroptera and Adephagous Coleoptera, is
really an archaic, though often considerably modified
stage which has been suppressed in most Terebrantia
and in all Aculeata, with the possible exception of the
active first-stage larva of the Chrysidide. The young
larva of Pamphiliide among the Phytophaga, in
possessing only thoracic legs and cerci, may be readily
compared with the triungulin and the gap between such
a larva and the planidium may be bridged, perhaps,
when the first stage larva of the Trigonalide is dis-
covered. The eruciform larva of modern Mecoptera,
Trichoptera, Lepidoptera and Tenthredinida is evidently
derived from the campodeiform, and there is general
agreement that the vermiform may arise either from the
eruciform or the campodeiform larva.

If I am not mistaken, therefore, the remote ancestral
Terebrants sought out their prey, or hosts as active
larve, since their mothers had not yet acquired the habit
of laying their eggs directly on or in the larval food.
These ancient forms were what I have called “ atro-
phaptic” or ‘ dystrophaptic ” insects. The occur-
rence even in some Ichneumonids and Braconids of a
rather active first larval stage remotely like a planidium,
e.g., in such species as Calliephialtes messor, according
to Cushman (1913), and Ephedrus incompletus, according
to Mrs. E. H. Wheeler (1923), is significant in this
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connection. The future study of the very early develop-
ment of the more primitive families such as the Stephan-
idz, Evaniide, and Megalyride may have some inter-
esting disclosures in store for us. ‘
Did time permit it would be interesting to trace the
increasing attention bestowed by the female Terebrant
on her offspring from the atrophaptic and dystrophaptic
to the eutrophaptic condition. Even in the last there
are two phases, one in which the female makes no nest
but seeks out the host or prey and lays the egg on orin it,
and another in which the female makes a nest and provi-
sions it with prey or food for the young. The former
method is characteristic of most Terebrants and of some
Aculeates. The female may even enter the water
to find the prey or host. The known cases of this singular
behaviour, exhibited by several different groups of
Terebrentia have been briefly reviewed by Brues (1921,
p- 151). “ In several well-known cases, the behaviour
of the adult parasites has become so profoundly modified
that the females not only enter the water in search of
their hosts, but they may be, occasionally at least, accom-
panied by the males. The first observation of this sort
was made nearly a century ago by Francis Walker
(1836) on Agriotypus, and the well-known observer
Sir John Lubbock (1863) later gave an account of the
habits of two Chalcis flies in which he describes the
actual process of swimming. One species, the Mymarid
Cataphractus cincius makes use of its ciliated, paddle-
shaped wings for this purpose, while the other, a Tricho-
grammid (Prestiichia aquatica) propels itself by means of
the legs. Numerous other contributions, notably those
of von Siebold (1858), W. Miiller (1889), Marchal (1g00),
Rousseau (1907), Heymons (1908), Schulz (19075, 19104,
1910b), and Matheson and Crosby (1912) have added
much of interest, not only in bringing to light aquatic

I T find that Genmnieys {1924) has recently described the larva of an
European Evaniid, Zzuxcvania splendidida, which teeds on the eggs of
a cockroach (Lchopiera decipiensy. Even the first larval stage proves
to be a typical maggot like that of most other Terebrants.
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members of several families, but in determining some
of the host species on which they prey. In many
cases the adaptation to aquatic life is not so perfect as
the cases just mentioned, although several other species
are known to swim readily, using either the legs or wings,
which usually show modifications adapted to such
behaviour ”.*

The final, eutrophaptic stage in which the female
brings the prey or food to the young in a previously
prepared cell or nest occurs only among the Aculeata and
only among the more highly specialized members of the
sub-order. We shall deal with these conditions in the
three following lectures.

' To the list of forms mentioned by Brues mav beadded theaquatic
Braconid, Giardinaia urinasor, discovered by De Stefani Perez (1902).



III

THE EVOLUTION OF WASPS

In the preceding lecture I called attention to the fact
that the Terebrant, or parasitic and the Aculeate, or
stinging Hymenoptera are so closely related that most
modern authors unite them in a single sub-order, the
Clistogastra, and that the Aculeates are usually
supposed to be derived from Terebrant ancestors though
others would derive both groups from common or closely
allied hypothetical forbears among primitive Phvtophaga.
Whichever view we accept and notwithstanding the
fact that the Terebrants use the ovipositor for egg-laying
whereas it is converted into a sting in the Aculeates and,
with the exception of the Sapygide, Chrysidide and
Drymnide, is not employed in oviposition, we must
admit that the Terebrants have already developed
certain characteristics which occur with more or less
modification and elaboration among the higher Aculeates.
Among these peculiarities attention may be called to the
following :

(1) Even among Terebrants there exists a sporadic
tendency to a development of polvmorphism
in one or both of the sexes. Thus in the
Braconid Sycosoter lavagnei, according to
Lichtenstein and Picard (1917) and Picard
(1919), there are two forms of each sex, one
winged, the other apterous. Two forms of
females are also well-known in certain
Chalcidids, e.g., in Harmolita (Webster and
Reeves, 1909} and Cymipids, and among the
fig-insects of the Chalcidoid tribe Idammini
(Phylotrvpesis) Grandi (1921, 1923) has
revealed the existence of a peculiar poly-
morphism very much like that of certain

so
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worker ants, though confined to the male
sex. In Pezomachus flavocinctus Strickland
(1912) has described a peculiar polymorphism
of the male, which may be winged, sub-
apterous or apterous. These cases of the loss
of wings in one or both sexes and especially in
the female and considerable variation in the
size of the head and mandibles in individuals
of one of the sexes among Terebrants some-
what diminish our surprise at their more
frequent occurrence among certain groups
of Aculeates.

certain Terebrants the ovipositor may act
like the Aculeate sting and introduce into
the prey a poison which induces at least a
temporary paralvsis of the musculature.
This has been observed by Silvestri (1907)
in the Chalcidid Elasmus flabelatus, which
completely paralyses the larva of the Tineid
Prays oleellus in which it oviposits. Doten
(1911) found that Microbracon juglandis
completely paralyses the caterpillars of
Ephestia kihniella, so that the latter remain
fresh for from two to four weeks, and Picard
(1919) has observed a similar but feebler
paralysis of the larve of Hypoborus ficus
by Sycosoter lavagnes. The paralvsis of
blowfly larva by Alysia mandwucaior has been
carefully studied by Altson (1920) and Myers
(1927).

(3) It is well-known that some Terebrants lay their

eggs within the bodv while others lay them
on the surface of the prev, but that the latter
method alone is employed by the Aculeates,
with the exception of the Drvinide. Several
authors and more recently Picard (1919) have
called attention to the fact that external
oviposition is employed among the Terebrants
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when the prey is concealed in a plant or earthen
cavity, or in a cocoon or puparium and that
internal oviposition is the rule when the host
is exposed, or free-living. Among the
exceptions we may mention Polysphincta,
which parasitises spiders (Lichtenstein and
Rabaud, 1922) and the Chalcid Schizonotus
steboldii which, according to Cushman (1917)
lays its eggs on the exposed pupa of a Chryso-
melid beetle (Melasoma interruptum). The
same author calls attention to the Eulophid
Euplectrus comstocki which oviposits on the
cotton worm. Silvestri (1911) has described
this habit also in the European Euplectrus
bicolor which parasitises the caterpillars of
Plusia gamma and Mamesira brassice. The
general rule of oviposition on the outside of
the prey when it happens to be in a cavity
applies also to the Aculeata, but the
Rhopalosomatide and some Pompilide are
known to attach their eggs to free-living
insects.

phenomenon frequently noticed in Aculeates
that paralyse their prey (Figs. 13 and 14) 1s
their malaxation or feeding on portions of it.
This is very natural because the adult
Aculeate is then merely continuing to eat
portions of an insect of the kind on which it
was reared as a larva. The same tendency
is apparent in many Terebrants but in them
usually takes the form of feeding on the
juices exuding from punctures made by the
ovipositor in the egg, larva, pupa, or adult
of the host species and immediately after
oviposition or after the ovipositor has been
used merely as a food-procuring instrument.
This singular behaviour was first observed
by Marchal (1905, 1909) in Tetrastichus
xanthomelen® which oviposits in the eggs
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of the elm-leaf beetle (Galerucella zantho-
melena) and in  Aphelinus mytlaspidss,
which oviposits Im a scale (Aspidiotus
ostrezformis). It has also been observed by
several American entomologists in Tedra-
stichus asparagi which oviposits in the eggs
of the asparagus-beetle (Crioceris asparagi) ;
by Saunders in Aphelinus fuscipennis, which
parasitises the scale Aspidiotus rapax (Howard
1908) ; by Silvestri (1910) in Telrastichus
xanthomelene ; by Doton (1911) In Ptero-
malus puparum and a species of Meraporus,
as parasites of the pupa of the cabbage-
butterfly (Pieris rape) and im Microbracon
juglandis as a parasite of the meal-moth
(Esphestia kiihniclla) ; by Roubaud (1917) in
Nasonsa brevicormis which oviposits in the
puparia of Muscids; by Lichtenstein (1921)
in the Chalcid Habrocytus ciomicida which lays
its eggs in the pupa of a weevil (Ciomus
thapss) ; by Trouvelot (1921) in the Braconid
Habrobracon johanssens, by Whiting (1921b)
in H. brevicormis which attacks the meal-
worm; by Caffrey (1921) in Anastatus
semsflavidus, an egg-parasite of the moth
Hermileuca olivie; by Balfour Browne
(1922) and Picard (1923) in the Chalcid
Melittobia acasta which lays its eggs on the
larva and pup of a great variety of Hymeno-
ptera, Diptera and Coleoptera, and by
Voukassovitch (1924) in the Ichneumonid
Dicalotus erythrostoma, a parasite of Poly-
chrosis botrana. The most singular of these
cases is the Habrocytus described by Lichten-
stein, because the Chalcid runs its ovipositor
through the cocoon of the beetle and the
space between the cocoon and the pupa and
into the latter. It leaves the organ in this
position for half an hour while a secretion
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hardens around it and forms a delicate tube
through which the parasite sucks the blood
of the prey as soon as the ovipositor is with-
drawn. It will be seen that in all the cases
cited the mandibles are not used in feeding
because the prey is too large and too tough-
skinned, whereas in the larger and more
powerful Aculeata the mandibles may be
readily employed for a similar purpose.
There are, however, small Aculeates (Bethy-
lide) which, as I shall show in the sequel, use
the sting like the Terebrantia for securing
food.

(5) Perhaps we may detect the germs of a feeble
sociability in those Terebrants which develop
in numbers in the same host and when mature,
pupate in compact masses of cocoons. In
one genus of Chalcidide, Cratotechus, or
Comedo (Fig. 11), as it is now called (Howard
18901), the pup are naked and are attached
to a leaf side by side in a regular ellipse
enclosing some of the individuals, an
arrangement which seems to presuppose a
peculiar  “ Fiibhlung ”, to use a German
expression, among the larve. It must be
admitted, however, that sociability is much
less pronounced among larval Terebrants
than among the more ancient and primitive
Phytophaga and that there are many
instances of internecine destruction among
the young larva when the prey is too small
to nourish more than a single parasite.

While the various peculiarities cited under these five
heads may be regarded as representing primitive and
very ancient ethological tendencies which reappear as
convergent, or parallel developments in more pronounced
and more specialized forms among the Aculeates, the
majority of the latter depart from the Terebrants, first,
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in having learned to excavate cavities in the soil or
wood or to build cells of earth or vegetable matter or
even from inspissated secretions of their own bodies,
and second, to store in such structures insect or plant
food for the use of their young and themselves. The
slow evolution of these two peculiarities can be readily
traced within the Aculeate sub-order and especially
among the social wasps, and bees, but the subject is so
extensive and has been so often treated in popular works,
that I shall give it only such brief attention as my time
will permit.

Concerning the division of the Aculeata into super-
families and their sequence and interrelations there
is at the present time so much difference of opinion
among hymenopterists that the student of ethology is
left in a quandary. Of the two most recent classifica-
tions, that of Handlirsch (1924} and that of Bradley,
Rohwer and Bequaert (Comstock, 1924), the former is
the more conservative and will probably appeal more
strongly to European workers, whereas the latter, which
embodies some of the views of Ashmead, will be more
acceptable to the American hymenopterists. I am
myself inclined to prefer Handlirsch’s classification so far
as it retains many of the old Latreillean groups, though
some of the latter obviously require modification. The
following simple arrangement will be adequate for the
purposes I have in view :

SUB-ORDER ACULEATA

(VESPOIDEA OR VESPIFORMIA)

Superfamily Bethyloidea
Family Dicrogeniida
,»  Bethvlida
.,  Drvinidae
. Embolemid=
,»  Sclerogibbide
» Rhopalosomatidze
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Superfamily Tubulifera
Family Cleptide
,»»  Chrysidide
Superfamily Heterogyna
Family Sapygide
,»  Plumariidae
,» Anthoboscidae
. Scolide
,»  Tiphiide (incl. Methocinz and
Myrmosinz)
., Mutillide
,»  Formicide
Superfamily Pompiloidea
Family Pompilidae
Superfamily Diploptera
Family Vespide
(SPHECOIDEA, OR SPHECIFORMIA)
Superfamily Fossores
Family Ampulicida

. Sphecida
Superfamily Anthophila
Family Apida

The precise position of the Pompilide is a matter of
dispute, since they have been placed by Bomer and
Handlirsch and many hymenopterists before them
among the Fossores, and by Ashmead, Rohwer, Bradley,
Banks and others, among the Vespoidea. Until their
affinities have been more accurately determined, I can
see no harm in regarding them as an independent super-
family. Paleontology sheds no light on the origin of
the various families in the foregoing table. Most of
them, like the families of the Terebrantia, are represented
in the early and middle Tertiary by genera identical
with or closely allied to those now living, and morphology
and ethology show very clearly that all the families of
extant Aculeata are highly specialized and that most of
them cannot be derived from one another. There are,
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nevertheless, certain patterns in development, structure
and behaviour which indicate certain definite evoln-
tionary tendencies. These seem to be clearly fore-
shadowed in the group Bethyloidea, which is placed at
the beginning of the sub-order and deserves special
consideration on account of its numerous and often
elusive morphological relationships to all the other
superfamilies.

Although Haliday (1835) regarded Bethylus as a
Fossor, it and the allied genera were placed among the
Proctotrypoidea until 1902, when Ashmead transferred
them to his Vespoidea. There is now no doubt that
they are a primitive, though peculiarly and diversely
specialized, cosmopolitan group of Aculeates. Fully
1,200 species, mostly of small size, and more than roo
genera have been described and distributed among some
six families. The most heterogenous affinities of the
various Bethyloids to other Aculeates have been noticed
by specialists. Kieffer, who monographed the Bethylida
(1908) and Dryinide (1907), regarded the former as
“ most closely related to the genera Meria and Tiphia
among the Scoliide,” and the genus Mesitius as attaching
them to the Tubulifera (Chrysidide). In 1909 he
described a genus Parachrysis, which can be assigned to
either the Bethylidz or the Chrysidide. Westwood
(1881) noticed the resemblance of the Bethylid genus
Apenesia to the Mutillide. Perkins (1905) saw in the
Bethylidz relationships to the old Fossorial series on the
one hand and to the Proctotrypoidea on the other.
Brues (1910b) notes the relationship of the Bethylida,
Dryinidz, and especially of the genmera Epyris and
Pristocera to the Ampulicidz and of the Sclerogibbid
genus Mystrocnemis to the Tiphiide and Ashmead’s
family Cosilide (Anthoboscide). He believes that the
Embolemidz are an ancient group related to the forms
from which the Proctotrypoids are descended. Bridwell
(1917a) regards the relationships of the Bethylide to the
Proctotrypoidea as purely superficial but those of the
Scoliide and Chrysidid® as * eminently natural”.
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Borner (1919) places both the Bethylide and Chrysididz
among the Terebrants but regards them as being connected
by the Cleptide. Brues (1922, 1923¢) noted the resem-
blance of the genus Algoella (Apteropompilus), which
seems to be a Bethyld, to the Anthoboscide (Sierolo-
morpha) and the Mutillidz, and described from the Baltic
amber a peculiar genus, Palzobethylus, which strongly
resembles the Ampulicide, especially Rhinopsis. Hand-
birsch (1924) places the Bethyloidea as the first super-
family in the Aculeata but Bradley (Comstock 1g24)
intercalates the family Bethylide between the Formicida
and the Vespide and the family Dryinide among the
Sphecoidea after the Ampulicidze.

The family Rhopalosomatid= deserves discussion on
account of its dubious position in the classification. It
comnsists of only three known species and genera, Rhopalo-
soma poeyi, occurring from the Antilles to Maryland and
Missouri, Paniscomima erlangerstana in South Africa,
and Hymenochimera abnormis in India. Hood (1913)
discovered the larva of RhA. poey: attached to the third
abdominal segment of an active jumping tree-cricket
(Orocharss saitator) on Plummer’s Island, near Washington,
D.C. The adult Rhopalosoma is nocturnal and closely
resembles in colour and the texture of its integument the
nocturnal Vespids of the genus Apoica and the nocturnal
males of certain ants (Eciton, Diacamma, Lobopelta,
etc.), Westwood (1874), who first carefully considered
the relationships of the insect, said that it was “ guoad
affinstates animum excrucians”’, but thought it might
be a Vespid, Nvlander regarded it as an ant, Haliday
as a Fossor, Fred. Smith as an Ophionine Ichneumonid,
Cresson as a Braconid, Sharp as allied to the Scoliide
and Sphecide. Ashmead (1902-1903) erected a special
family for its accommodation and placed it between his
Cosilide and the Thynnide. Morley (1910) is satisfied
that it can be placed nowhere among the Terebrantia,
but is an Aculeate allied to the Scoliide, with the
venation of an Ichneumonid. Rohwer (19134) believes
that * perhaps the Rhopalosomide and the Dryinida
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had a common origin, as the larva would indicate ”.
Turner and Waterston (1917) maintain that the male
genitalia of the Rhopalosomatidz ““ show a very distant
relationship to those of the Eumenidz and differ strongly
from those of all other Hymenoptera. Thus, of the
many attempts to assign a place to the group, that of
Westwood, who connects it with the Vespida, is the
most correct. It is almost certainly derived from the
same stock as the Eumenidz, but strongly modified by
nocturnal and probably also by parasitic habits. The
wide range of the family points to considerable antiquity,
though it seems to be absent from Australia”. Handlirsch
(1924) places Rhopalosoma in the Heterogyna, between
the Sapygide and Anthoboscina, Bradley (Comstock,
1924) between the Vespidz and Bethylide. Brues has
suggested in conversation that it may, perbaps, belong
near the Bethylide, a position which would be indicated
also by the Dryinid affinities suspected by Rohwer.

More interesting and more significant for our purposes
than the citations of divergent opinions concerning the
taxonomic relationships of the Bethyloids are the habits
of these msects. Omitting the Rhopalosomatidz, it
appears from the published data that there are at least
three different methods or types of dealing with the prey,
of oviposition and development in the superfamily.
These may be called the Bethyline, Sclerodermatine
and Dryinid types respectively.

(1) The Bethyline type has been observed in the
genera Bethylus (Perisemus), Pristocera, Epyris and
Holepyris. Until recently very little was known about
these insects, apart from the very fragmentary observa-
tions of Haliday (1835), Ferton (19o1-z1) and Nielsen
(1903). Haliday saw a female Bethylus fuscicornis drag
a paralysed Tineid caterpillar over the ground to a hollow
reed, enter the reed to make a reconnaissance, return and
pull the caterpillar into the cavity. Ferton found in a
hollow briar four green larva of the same species of
Bethylus devouring a green caterpillar. With them
was an adult Bethylus female, evidently the mother of
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of Hawaiian Bethylide have also been published by
Swezey (1915).

Scleroderma smmigrans, a species introduced imto
Hawnaii from the Philippines, was studied in considerable
detail by Bridwell (1920) and more recently I have been
able to rear a species from our Southern States, S.
macrogaster. Its habits are so -similar to those of
smmigrans that I may describe it as a paradigm of the
genus especially as all the species seem to have essentially
the same habits. As was noticed by Westwood (1881)
and Bridwell in other species of Scleroderma, macro-
gaster has two forms of males and two forms of females,
winged and apterous, but the winged female and apterous
male are rather rare. The dimorphism of the sexes is,
therefore, very similar to that observed by Picard in
Svcosoter lavagnes. The behaviour of both forms of
each sex is the same. A batch of cocoons of S. macro-
gaster from Texas was given me by Bridwell with a state-
ment that I should probably be able to rear the species
on the larvae of some Clytine beetle. The original host
was unknown to me, but I found, just as Bridwell had
shown in the case of the Sclerodermas of Hawaii, that I
could rear the Texan species on a variety of larve and
pup®. I succeeded best with larve of the hickory
borer (Cyllene pictus) and the larve and pupa of another
Cerambycid, Liopus cinereus, fairly well with other
beetles (pupz of Pissodes strobs, larvae of Cleride,
pup® of Thymalus fulgidus) and larva of Ichneumonide,
less satisfactorily with the soft larvae and pupz of ants
(Camponotus americanus and Lasius americanus). When
the female Scleroderma, which is only 2.5 to 3 mm. long,
is placed in a small vial with an active Cyllene larva,
which is many thousand times larger, she at first avoids
it but eventually climbs on to it, grips its cuticle with her
mandibles and stings it, often at first in the region of the
mandibular muscles, and she keeps on biting and stinging
it, as she moves from place to place, as long as the
muscles beneath the skin gripped by her mandibles
show any signs of contraction, till the larva is completely
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paralysed. This may require from one to four days’
depending on the size of the victim. There is no
regular sequence or position for the punctures. Bridwell
interprets the stinging of the mandibular muscles
first as an adaptation to prevent the prey from crushing
the Scleroderma, but this very rarely occurs even when
the prey is first attacked in some other spot. After
the prey has been rendered motionless the Scleroderma
feeds for several days by tweaking the larva at various
points and imbibing the blood which exudes m very
minute droplets from the previously made sting punctures.
Her abdomen now rapidly enlarges with the growth of
her ovaries and she scon begins to lay numerous glisten-
ing white eggs, which are rather large in proportion to her
size, on the surface of the prey and most frequently
in the intersegmental constrictions. The prey, though
alive, remains perfectly motionless and neither moults
nor undergoes any further development. If she has
been given a pupa, however, development may not be
inhibited though its abdomen remains paralysed and in
rare cases the skin may harden so that the hatching
Scleroderma larva die and the imago of the host, though
moribund, actually emerges. The eggs laid on a larva
or young pupa produce minute larva which at first
lie on the surface but later become spindle-shaped and
erect, so that the host bristles with them like a porcupine.
The older larve acquire the colour of the juices of the
prey ; those feeding on the pink larva or pupa of Liopus
becoming red. They are always spotted with white,
owing to the large masses of urate crystals in their fat
bodies. The mother Scleroderma remains with the
larvae, often stands over them and may sometimes lick
them, holding them meanwhile in her fore feet. She
also continues occasionally to drink the host’s blood,
which exudes about the deeply inserted heads of her
larval offspring. Although she will sometimes eat her
eggs I have never seen her attack ome of her larva.
The devouring of some of the eggs seems to be due
to a tendency to regulate their number according to
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the volume of the prey. When the larve are mature
they fall away from its shrivelled and exhausted remains
and spin snow-white cocoons in a cluster. Pupation
covers a period of fourteen to thirty days. The males
emerge first from their cocoons, at once eat their way
into the female cocoons and fecundate the pupz. They
also mate readily with mature f{emales, sometimes
copulating with the same individual five to eight times
after brief intervals. The same female may also mate
with several males in succession. Sogreat is the ardour
of the latter that they often attempt to mate with one
another. The mother being a long-lived insect may
mate with one of her sons and will readily paralyse
another beetle larva, rear another brood and mate
again with one of her grandsons. The males die very
soon after mating. If virgin females are isolated and
given prey, they paralyse it readily but their oviposition
is conspicuously delayed. The eggs and larva, however,
develop normally but produce only males.

(3) The third type of behaviour is seen in the Dryinide
which are well-known parasites of Homoptera (Fulgorida,
Jasside, Membracide) and ants. The female Dryvinids,
with the exception of those of the small genus Aphelopus,
have singular chelate fore tarsi with which they hold
the host motionless while they are thrusting an egg into
its body. The resulting larva eventually breaks out
of the side of the abdomen in a peculiar sack, which in
some forms seems to consist of the larval exuvie, in
others of the evaginated hyvpodermis of the host, and
after reaching maturity detaches itself and spins a cocoon
on a leaf or more rarely enters the ground to pupate.
The behaviour of the Drvinids has been described by a
number of observers—Perris (1857), Mik (1882), Swezey
(1903), Perkins (1903), Kieffer (1907), Jeannel (1913),
Keilin and Thompson (1915) and others. Giard (188ga,
1889b), also described the larva of Aphelopus melaleucus
on Typhlocyba rose and noticed that infected individuals
of this Homopteron suffered from ‘‘ parasitic castration ',
Matausch (1gog, 1911) described similar changes



THE EVOLUTION OF WASPS 65

produced in American Membracids by Aphelopus larve,
and Kornhauser (191g9) has published an important
study of the effects of A. theliz on our large and common
Membracid Thelia bimacwlata. My time will not permit
of a consideration of the peculiar action of the parasite
on the male and female genitalia of the host, but attention
should be called to the fact that A. thelie, according
to Komhauser, is polyembryonic. It lays in the
nymphal Membracid a single egg, which produces forty
to sixty of the parasites. After they reach maturity
inside the host, they escape from it and pupate and pass
the winter in the ground. A. theliz is also interesting
in connection with the cases of ovipositor-feeding
described in the first part of this lecture. After the
Aphelopus female has selected a Thelia nymph, she
‘“grasps the caudal part of the nymph’s abdomen
between her mandibles, and, holding firmly with her
legs to the abdomen of the host, tries to thrust her
sword-like ovipositor cephalad through the inter-
segmental membranes of any two abdominal terga.
The nymph struggles as the ovipositor pierces, and from
the anal tube exudes a drop of liquid. This the Aphel-
opus grasps in her mandibles and is gone in a second *'.
Kombhauser also noticed on other occasions that the
Aphelopus after ovipositing generally mounts the
abdomen of the nymph to secure a drop of excrement
(honey-dew).

The preceding descriptions show that behaviour
among the Bethyloidea is very heterogeneous, that the
Dryinids behave essentially like Terebrants, that some
of the Bethylids resemble the Ampulicids, Sphecids and
Pompilis, which hunt, paralysed and drag their prey
to a place of safety, and that others resemble the Scoliids,
Tiphiids and Thynnids in seeking out and paralysing
the prey in its own retreat. Scleroderma, furthermore,
seems to exhibit a generalized pattern of behaviour
combining that of Terebrants, Tiphiids and to a slight
extent that of the Formicide. The Sphecid and
Tiphiid methods, however, are not very sharply separated,
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since some of the recorded observations show that
Scoliids and Tiphiids may occasionally pick up the prey
on the surface of the soil, transport it a short distance
and then bury it. Thus, according to Bridwell, Gosse
long ago observed an Elis 4-nmotata carrying a large
lamellicorn beetle larva in its mouth, and Forbes (1go8)
and Davis (191g) found that when Lachnosterna larvae
are placed in the soil near a female Tiphia she will sting
and paralyse and then proceed to inter them, though
under normal circumstances she seeks her prey under
ground and oviposits on it sn sifu. Ferton (191I)
observed a small Myzine (M. andres) in North Africa
hunting a Terebrionid larva of the genus Tentyria over
the sand, stinging it once and forthwith burying it
beneath the surface.

The Sclerodermas are also of unusual interest because
they exhibit all the essential rudiments of social behaviour
since the long-lived mother insect lives on the same
food as the young, shows an interest in her larva and
even licks them and is capable of bringing up several
successive broods. When the mother and her female
offspring, or several females from different broods are
confined in the same vial with a Cyllene larva, instead of
the rivalry one might expect, there is co-operation
among them in paralysing the prey and all lay their
eggs on it in common. We could, in fact, derive the
social behaviour of wasps, bees and ants from such
conditions as we find in Scleroderma. I do not, of course,
believe that these social insects are derived from Bethylid
ancestors. Although the existing Bethylids are undoubt-
edly very ancient, they are in many respects highly
specialized and there is no reason to suppose that they
have given rise to any of the other extant families of
Aculeata.

The social wasps all belong to a single family, the
Vespide, which alone constitutes the superfamily
Diploptera, so called because the wings are folded
longitudinally when at rest, a sharply defined and very
compact group. Most of the species are solitary, and,
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as Ducke (1910, 1914) has pointed out, the social species
possess no morphological characters that can be recog-
nized as correlated with their mode of life or as separating
them as a group from the solitary forms. For this
reason the ethological peculiarities and especially the
methods of nidification acquire considerable taxonomic
significance. The older authorities distinguished two
families, the Masaride and the Vespide, the former
being solitary and strictly anthophilous, provisioning
their nests with honey and pollen, the latter either
solitary or social and more or less anthophilous as aduits,
but usually providing their larvae with insect food.
It was known that some social species, e.g., Nectarina
lecheguana regularly, and a few species (Polistes, Polybia
occidentalis) occasionally, store honey in their nests.
The solitary species of the European and African genera
Masaris, Ceramius and Celonites, according to H. de
Saussure (1853), Giraud (1871), Ferton (1901, etc.) and
Brauns (1910-1911) doO, indeed, store honey in the cells
of their mud nests, but according to Davidson (1g913)
the species of the allied genus Pseudomasaris of the
South Western United States, like the Eumenine,
provide their young with paralysed caterpillars. Brauns’
observations on Ceramius lichtensteins in the dry Karroo
Plains of South Africa are of peculiar interest, because
they show that this insect has not only adapted itself
to living in very arid situations but has also become
sub-social. The nesting habits are described as follows :
“1 have often excavated the nests of C. licktensteins.
The gallery descends perpendicularly and in a straight
or curved line, according to the nature of the soil, often
to a depth of four or five feet when in soft earth. The
wasp hollows out small, verticillate cavities along this
main gallery and builds oval clay cells in them. The
cells are like those of Sceliphron spirifex and allied forms,
but are roundish oval. It is certain that the wasp
feeds her larve with flower-honey till they are full-grown.
I have never found stored pollen or honey masses in the
cells with the larve, even when they were small As
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a group consisting of only three rare species from the
South Western United States and closely related to the
Masaridinze. The primitive and central group of the
whole series is obviously the FEumeninz, which com-
prise by far the greatest number of species, many of
which, belonging to the genera Odymerus (Fig. 15) and
Eumenes, are familiar to all students of Hymenoptera in
temperate regions. They either excavate cells in the
ground, occupy the cavities of plant stems, or construct
elegant clay cells in exposed situations. They all lay
the egg first and then for the prospective larva bring
in the provisions which consist of paralysed caterpillars,
thus reversing the usual sequence of prey and egg in
most other solitary wasps. It is from this common
body of Eumenine wasps that the five sub-families of
social species have been descended, according to Ducke
(1914), along at least five or six independent lines.
As indicated in his diagram some of the social genera
are traceable to Eumenes-like, others to Odynerus-like
ancestors. But even among existing species of the
sub-family Eumeninz there are some very significant
advances in the direction of social life. Roubaud found
that certain African species of Odynerus and Synagris
(Fig. 16) instead of adopting the usual method of mass-
provisioning, ie., of placing the complete requisite
amount of paralysed caterpillars for the larva with the
egg and closing the cell, actvally adopt the method of
progressive provisioning of the growing lar-~ f--~ A.x
to day and thus exhibit a distinct and signiti.

towards social behaviour. The latter condmon secms
to arise naturally out of a seasonal scarcity of the prey,
as Roubaud (1908, 19104, 1916) has shown in the case
of Synagris spiniventris and calida.

Socialization has advanced somewhat 1urtner in tue
Zethine, which have been studied recently by Ducke
(r914), Howes (1917) and F. X. Williams (xc¢-

H. de Saussure (1852, 1875) had shown that the celis o1
the South American Zethus (Didymogastira) romandinus
consist not of clay as in the Eumeninz but of a mixture
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starts the nest by building a single pedunculate cell and
then adding others in circles concentrically to its peri-
phery as the comb grows, but not infrequently the found-
ress may be joined by other females before the work
has progressed very far. Each larva is fed with pellets
of malaxated caterpillars till it is full-grown, when it
spins a convex cap over the orifice of its cell and pupates.
The emerging females are all like the mother in possessing
well-developed ovaries and in being capable of fecunda-
tion. In other words, all the females of the colony are
physiologically equal, and even such differences in
stature as they may exhibit have no relation to fertility.
The colonies are small, the nests having usually only
about fifty to sixty cells, rarely as many as 200 or 300.
In larger colonies there is a certain rude division of labour
since the older females devote themselves to egg-laying,
the younger to foraging for food and nest materials and
the recently emerged individuals to feeding the larvae and
caring for the nest. The males, too, remain on the comb,
but behave like parasites and exact food whenever it is
brought in by the foraging females. Belonogaster is
described as a polygynous wasp, because each of its
colonies contains a number of fecundated females.
When the colony has reached its full development the
females leave in small companies and found new nests
either singly or together. This phenomenon is known
as “swarming ”’ and occurs only in the wasps of the
tropics where it seems to be an adaptation to the
favourable climatic conditions. In the higher South
American genera of Polybiine, however, the females
are not all alike but are differentiated into true
females, or queens, i.e., individuals with well-developed
ovaries and capable of fecundation and workers, i.e.,
females with imperfectly developed ovaries and there-
fore sterile or capable only of laying unfertilized, male-
producing eggs. Many of these wasps, according to
R. von Thering (18¢6, 1903) and Ducke (1910, 1914)
are polygynous and regularly form new colonies and
nests by sending off swarms of workers with one or two
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dozen queens. The colonies often become extremely
populous and comprise hundreds or even thousands of
individuals. Some of the species (Nectarina, Polybia)
have a habit of storing a considerable amount of honey
in their combs, while others are known to capture, kill
and store within the nest envelope, and even in the combs,
quantities of male and female termites or male ants as
a supply of food to be drawn on when needed.

The Ropalidiinz are a small group of only three genera
of paleotropical wasps, the best known of which is
Ropalidia. These are primitive forms which build a
single naked comb like that of Belonogaster and feed
their young with pellets of malaxated insects. The
colonies are small and polvgynous, but according to
Roubaud (1916), true workers can b= distinguished
though they are few in number compared with the true
females. Swarming seems to occur in some species.

The Polistine are represented by only two genera.
One of these, Polistes, is cosmopolitan and, like Ropalidia
and Belonogaster, makes a single, naked comb, suspended
by a central or eccentric peduncle to the underside of
some shelter, As there are several common species
in Europe and the United States, the habits of the
genus are well-known. The nest is usually established
and in its incipient stages constructed by a single female,
or queen. A certain number of her offspring are workers
though they seem often to lay male-producing eggs.
True females are rather numerous in the colonies of some
tropical species, which may therefore be regarded as
polygynous, and some of the latter may, perhaps, swarm.
In temperate regions, however, the Polistes colony is
an annual development and usually not very populous.
The young females are fecundated in the late summer and
pass the winter hidden away under bark or in the crevices
of walls, whence they emerge in the spring to found new
colonies. Several of the species, even in temperate
regions, occasionally store small quantities of honey in
their combs.

Like the Polistine, the sub-family Vespinz includes
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only two genera, Vespa and Provespa. The species of
the former, the only genus besides Polistes that occurs
in the north temperate zone, are the largest and most
typical of social wasps. So far as known the species
are strictly monogynous. The nest, founded by a
single large fertile female, consists at first of a small
pendent comb, like that of Polistes, but while there are
still only a few cells a more or less spherical envelope
is built around it. The eggs first laid produce workers;
which are much smaller than the mother and incapable
of fecundation. They remain with their parent, enlarge
the comb and envelope and, to accommodate the rapidly
increasing brood, build additional combs in a series
from above downward, each new comb being supported
by one or more peduncles attached to the comb above
it (stelocyttarous). At first large numbers of workers
are produced, but later in the summer males and females
appear. Owing to the greater size of the females, the
cells in which they are reared are considerably larger than
the worker cells. After the mating of the males and
females the colony perishes, with the exception of the
fecundated females, which hibernate like the females
of Polistes and during the following spring found new
colonies. In the Vespine, therefore, a very distinct
worker caste has been developed, though its members
occasionally and perhaps regularly lay male-producing
eggs. The species of Vespa are usually divided into two
groups, one with long, the other with very short cheeks.
In Europe and North America the long-cheeked forms,
as a rule, build aerial nests above ground, the short-
cheeked forms in cavities which they excavate in the
ground. The colonies are often verv populous by the
end of the summer (3,000 to 5,000 individuals).

To some of the peculiarities of the social Vespide,
such as their feeding habits, castes and rudimentary
polymorphism which are merely touched upon in the
preceding paragraphs, I shall have occasion to return
in future lectures in connection with similar phenomena
in the other social insects.
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THE EVOLUTION OF BEES

THE Vespida briefly considered in the last lecture are a
circumscribed group of Aculeates comprising a com~
siderable number of solitary and a comparatively small
number of mostly tropical social species. Nevertheless,
the various sub-families as they stand represent a
gradual evolution of social habits from very primitive
types like Synagris, the Zethinz and Stenogastrinz to
the distinctly specialized Vespa. The course of develop-
ment is shown in the gradual emergence and differentia-
tion of a worker caste, advancing complication in nest-
architecture, an increase in the population of the colony
and an increase in the stature of the fertile female or
queen, as shown in the genus Vespa. The colonies of
some Polistine, and especially of the Polybiine and
Vespinz, have certainly attained to a status of very
definite social integration, but we must admit that it is
not of a very high order. The differentiation of the
worker caste is very feeble in the Polybiinz, and the
colonies of the Vespinz and most Polistine are merely
annual growths, a condition which not only sets very
definite bounds to the size of their population but must
greatly retard or even inhibit further progress in social
development. Probably such progress among the
Vespidz is henceforth possible only among some of the
more primitive genera of Polybiinz in the American or
African tropics.

If we turn our attention now to the second family of
Aculeates which have developed social habits, the bees,
or Apide—the Anthophila, or Melifera of Latreille—
we find ourselves confronted with a more formidable

s
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task. The very size of the group—some 20,000 species,
as estimated by Friese (1923)—is staggering, and the
fact that the habits of only a few of the genera and those
mostly European, have been carefully studied, renders
ethological generalizations premature and tentative.
At the present time no other familv of Aculeates displays
anything like this magnificent efflorescence of species
on our planet, although it is surpassed by the Formicidz
in number of individuals. The great majority of
Melliferan species are confined to two belts, corresponding
to the warmer portions of the north and south temperate
zones. The tropical bee fauna, especially in the Old
World, is rather meagre and the number of species
steadily diminishes from the warmer temperate zones
towards the poles.

Our difficulties are increased by the present plight
of the taxonomists, which arises in turn from obvious
ethological conditions. The whole family Apid® consists
of species which either actively collect nectar and pollen
and are therefore intimately associated with the flora,
or of species which have abandoned this habit to become
parasitic on other more or less closely related species.
The first group has developed remarkable modifications
of organs and structures, including the tongue, the hind
legs and the pilosity of the bedy and appendages for
collecting a highly specialized food, whereas the second
group shows a degeneration or loss of these very modi-
fications. Other organs, notably the wings and their
venation, are extraordinarily uniform in both groups.
Nothing could be more unfavourable for the taxonomist,
because clearly adaptive structures do not as a rule
furnish good characters for the definition of sub-families,
tribes and genera, and the absence of similar characters
In the parasitic species, which in many instances are
actually derived phylogenetically from the genera of
their hosts (see Wheeler 19194) and should therefore
be placed mear them in any natural classification is,
to say the least, disconcerting. Add to this the further
consideration that there are several cosmopolitan or
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widely distributed genera of bees comprising great numbers
of very closely related species (Megachile, Halictus,
Andrena, Anthophora, -Prosopis, Sphecodes, Colletes,
etc.), and many other peculiar or local genera which
are either monotypic or consist of a few species with
unstable or elusive characters, and we can understand
why no one has been able to construct a classification
of the Apid sub-families and tribes that anvone else
will accept. Such attempts are, in fact, premature,
because the great bee-faunas of all the continents,
except Europe, are inadequately known even to the
taxonomists. This is notably true of the faunas of
Australia and South America where there are many
primitive types that may ultimately throw considerable
light on the relationships of genera now confined to other
parts of the world.

There has long been complete wnanimity of opinion
in regard to the extremely close structural affinities of
the bees to the Sphecids or Fossores.! These affinities
are so close that in Bradley’'s classification (Comstock,
1924) the Apidz are treated merely as one of the families
of the super-familv Sphecoidea and that even expert
hymenopterists have occasionally described bees as
Fossores. Thus the tvpe species of Neolarra (pruinosa)
was regarded as a wasp allied to the Bembicinz or Larrinz
by Ashmead (18go) and Fox (1893), but Baker (1896)
later recognized it as a bee allied to the genus Philere-
mulus. The Chilean bee genus Lipanthus (==Psanythia)
was also originally placed among the Fossores. The
pronounced Fossorial habitus of many bees, especially
of the less hairy parasitic genera (Sphecodes, Nomada,
Epeolus, etc.), or of species like Prosopis, which swallow

T The only avthor, to my knowledge, who has rejected this opinion is
Bémer (191¢).  He piaces the bees, becanse they lack the strigil on the
hind legs, near the Vespidx. Obviously the absence of this organ
cannot be regarded as a proof that the Apide are not closelv related
to or derivable from Sphecord formis. Handlirsch's suggestion (1924)
that the singular tibia! and metatarsal structures of the bee's hind
legs may represent a highiy mo lified stnigil a-lapted to collecting pollen
from the surface of the body, would if substantiated also dispose of
Borner's contention,
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the nectar and pollen and have therefore failed to develop
the usual external collecting apparatus, is very striking.
Hence hymenopterists have been led to derive the bees
from Fossores and to suppose that they must have had
entomophagous ancestors. In the latter half of the past
century, during the romantic period of Darwinian specula-
tion, H. Miller, well-known for his fine work on the
relations of bees to flowers, considered this hypothesis
in two very thoughtful papers (1872, 1881). The adult
Sphecids are, as a rule, expert flower-visitors and Miiller
surmised that their training in the search for insect
prey and in excavating or constructing cells, supple-
mented by an increase in bodily stature, had enhanced
their ability in finding and extracting the nectar of flowers.
He adds: ‘‘ But all these advances together are insigni-
ficant compared with the enormous progress in flower
exploitation which we witness in the family of bees.
The bees, originating in the family of Fossores, and
natively endowed with caution and discrimination,
with tireless energy and with a skill in creeping into
and out of cavities gradually perfected and inherited
in connection with the care of their brood, have
learned to confine themselves to provisioning their
young with floral foods exclusively. Naturally they
could not fail enormously to increase their eager-
ness in visiting and their cleverness in exploiting the
flowers .

The derivation of the bees from the Fossores has been
repeatedly considered by Friese, and most fully in his
recent book (1923). He maintains that the Apid=
had a diphyletic or possibly even a triphyletic origin,
and presents three ancestral trees of the family, one
constructed by himself, and based on the wing venation,
one by Tosi (1895) based on the anatomical structure
of the gizzard, or proventriculus, and one by Langhofer
(1897), based on the structure of the tongue. All three
of these schemata were independently conceived and all
agree in deriving the bees from two independent hypo-
thetical Fossorial stocks, one of which gave rise to
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Prosopis, Colletes, etc., the other to Sphecodes, Halictus,
etc.! Friese indicates a third possible ancestral source of
the bees among the Vespida (Odynerus) for the peculiar
Australian genus Hylzodes, which, so far as known, has
given rise to no other forms. This supposed polyphy-
letic origin of the Apid® is certainly suggestive of a
possible masked or concealed convergence, or parallelism
of development due to anthophilous habits among only
remotely related Sphecid or even Vespid groups.
Although views like those of H. Miiller and Friese have
also been held by von Alten (1910) and others, one might go
even further and maintain that the Apidz are not derived
from any of the Sphecida as that family is now constituted,
but that the Apidz themselves are merely the taxonomic
equivalent of an anthophilous sub-family, or if diphyletic of
two anthophilous sub-families of the same rank as any of
the extant entomophagous families, e.g., the Bembicinze,
Crabronine, Sphecinz, etc. There is no satisfactory
evidence that the bees ever fed their young with dead or
paralysed insects. If the Aculeata are descenced from the
Phytophaga directly instead of through the Terebrants, the
vegetarianism of the bees, for aught we know to the con-
trary, may be primitive. This position is actually taken
by Roubaud (1918) when he says: “ Without doubt the
Apide, which were exclusively adapted to a melliferous
diet, never used their sting for the capture of prey.
Very probably they represent forms that have remained
exclusively vegetarian and as such have retained
feeding habits most like those of the ancestral type.
The adaptation to a carnivorous diet must have occurred
secondarily in certain originally vegetarian forms as
a result of the employment of the sting against insects
of smallstature. But the facts which might enable us to
establish a real affiliation in these habits are still lacking.”

! Friese regards the species of Sphecodes as very primitive, predatory
bees and not as parasites. His discussion again opens up the whole
controversy in regard to the behaviour of Sphecodes, which seemed
to have been settled by the researches of Nielson, Ferton, Breitenbach
and others {see Wheeler 19194} and is interesting though by no means
convincing. We eagerly await the publication of the second partof Stack-
hert’s paper (1923), which will probably throw much light on the matter.
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Two sets of facts might seem to lend some support to
Roubaud’s contention. First, the existing Sphecidz
comprise a number of sub-families or, according to Kohl
(1896) and Handlirsch (1924), groups of genera, all
of which, so far as known, are too highly specialized
both structurally and ethologically to serve as Apid
ancestors, and second, the paleontological evidence
indicates that throughout the Tertiary at least, the
relations of the Sphecide and Apide were essentially
those obtaining at the present time. Cockerell (1g09a,
1917) has described from the Baltic amber (Lower
Oligocene) Sphecids of the well known genera Crabro
and Pison ‘and also numerous highly specialized bees
(Electrapis, Protobombus, Chalcobombus, Sophro-
bombus, Ctenoplectrella and Glyptapis), from the shales
of Florissant (Miocene) Fossores of the sub-families
Crabroninz, Pemphredoninz, Philanthine, Nyssonina,
and Sphecin®, contemporaneous with such highly
specialized genera of solitary bees as Ceratina, Anthi-
dium, Dianthidium, Heriades, Andrena, Calyptapis
(near Melissodes), Libellulapis and Lithandrena (near
Andrena), and from the shales of Oeningen (Miocene)
bees of the modern genera Lithurgus, Xylocopa and
Andrena. We shall therefore have to seek the ancestors
of both bees and Sphecids in the Cretaceous or probably
even in precretaceous formations.” It must be admitted,

I Owing to the fact that the bees could only have developed in
symbiosis with the flowering plants the pajeobotanist might be
expected to throw some light on the most probable period of Apid
evolution. The only recent authoritative statement I have seen on
this matter is that of Wieland (1924). who says that ‘' probably the
opening of the Cretaceous time saw in all the world fully 40,000 species
of non-flowering plants, and many thousand seed-bearing plants
representative of all the modern orders. Both monocotyls, including
the tvpical palms, and dicotvls, or net-veined tvpes, are modern
in form and widely distributed, although the known species of these
higher types do not become numerous until the mid-Cretaceous.
Since then, the main course of plant evolution can be summedup as a
rapid disappearance of naked seeded types. or gymnosperms, to 6oo
species of relatively limited distribution, with the steady increase of
the flowering plants or the angiosperms to their present numbers,
about 120.000 species. E. W. Berry insists that there has been much
recent evolution within the dicotyls. But it would not be absurd
to hypothesize for the dicotvls of early Cretaceous time fully half as
many species as now exist ',
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however, that the older view of a change in the ancestral
bees from entomophagy to anthophily is not improbable
when we consider the case of the Masaridinz among the
Vespide.? I called attention in my last lecture to the
fact that the primitive genus Pseundomasaris in the
South Western United States stores insect food for its
young, but that the less primitive genera Masaris,
Celonites and Ceramius in Europe and Africa are,
according to all accounts, strictly anthophilous, like
the bees. It is, of course, obvious, as Roubaud (1g91B)
implies, that the character of the food is imposed on the
offspring by the adult insect, and that the adult Sphecid,
unlike most Masaridinz and the bees, reallv has a double
diet, since it feeds both on nectar and insects. In
most cases the insect diet is represented merely by the
malaxation and tasting of the paralysed prey, and may
be interpreted as a vestigial act reminiscent of the
Sphecid’s own larval diet.

When we turn to the reproductive behaviour which
has led to the development of societies we find a most
extraordinary parallelism between the family Apidz
as a whole and that of the Vespida as described in my
previous lecture. The progress from the solitary con-
dition, shown in more than g5 per cent. of the species,
to the conditions in the most highly socialized form,
the honey bee, is, so to speak, a repetition of the various
wasp motifs set in a different key. Everyone of the
thousands of species of solitary bees has its own peculiar-
ities of behaviour, but the differences are usually so
msignificant that the habits as a whole are very
monotonous. With the exception of the parasitic bees,
which have been secondarily evolved from non-parasitic
forms, all the solitary bees make their nests either in

T Handlirsch (1924, p. 781) clearly maintains this view when he
says : “ It is very probable that the Apides go back to older primitive
‘Sphegxd& the strigils on the hind legs of which were perhaps converted
nto a complicated brushing apparatus. In these forms the vegetarian
regimen is certainly not to be derived from the primitive phvtophagy
of the Symphyta, but from the mode of life of zoophagous forms,
which cared for their brood.’
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the ground (Fig. 194) or in the cavities of plants (Fig. 198),
in crevices of walls, etc., or construct earthen ar resin
cells. Some species line their nest cavities with pieces of
leaves or petals of flowers, with plant-hairs or particles
of wood, or with films of secretion which resemble dried
collodion or gold-beater’s skin, the ‘ baudruche” of
French authors. Most of these materials, as will be
noticed, are derived from plants. The nest usually
consists of several cylindrical or elliptical cells arranged
In a linear series or more rarely in a compact cluster,
and as soon as a cell has been completed, it is provisioned
with a ball or loaf-shaped mass of pollen or of pollen
soaked with honey and called ““bee-bread’, an egg is
laid on its surface and the cell is closed. We have here
again the typical mass-provisioning of the solitary
wasps, very similar to that of the Eumenina and Sphecida,
except that vegetable instead of animal substances
are provided for the young. Nevertheless, the pollen
and honey are ideal foods, since the former is rich in
proteins and oils and the latter in sugar and water, and
both contain sufficient amounts of various salts for the
growth of the larvae. As in the care of the solitary wasps
the mother bee dies before her progeny emerge.

In many solitary Sphecids (Bembix, Stizus, Philanthus,
etc.) which nest in the earth, the females establish their
burrows in close proximity to one another, though each
cares for her own brood and resents the intrusion of
her neighbours. The very same phenomenon is repeated
among the bees of many genera (Panurgus, Eucera,
Osmia, Andrena, Spinoliella, Melitoma, Pachycentris,
Anthophora, etc.), and has been noticed by many
observers. In some of the cases several females use a
common entrance to the cells, but there is nothing to
show that such “‘ parcecism ” is a decisive step towards
social life. It may, of course, be an expression of a
vague associative or gregarious tendency, but it may
also be the result of the attraction exercised by a cir-
cumscribed and peculiar environment on a numbert of
female bees of the same species. The species of Euglossa,
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often mentioned in the literature and known to con-
struct clusters of ellipsoidal cells of dung, earth, and
resin, are in all probability cases of the same kind of
association. Latreille (180g), who first described this
genus of large and beautiful neo-tropical insects and
noticed the development of the corbula on the hind
tibiz, a structure which occurs in no other bees, except
the higher social species, placed the group near the
Bombinz, and he, Lucas (1878) and others were, there-
fore, led to suppose that the Euglossas might be social
Lepeletier (1827) however, who failed to find the wax-
combs on the hind legs, dissented from this opinion.
Mobius (1856) even claimed to have detected a waxen
lining to the cells of E. surinamensis. Within more
recent years, Schulz (rgo2), Ducke (1902, 1903, 1905),
R. von Thering (1904), and Schrottky (1922), who have
observed the Euglossas in South America, agree that they
are not social, though some of the species, e.g., E. nigrita,
construct large nests of more than 200 cells, In such
cases the nest is made by several females but each cares
only for her own brood, though a common entrance is
constructed. The existence of wax in the cells has not
been confirmed, but Friese (1923, p. 76) states that wax
pectens are present on the hind basitarsi of Euglossa,
Eumorpha and Eulzma.

Apart from a few imperfectly described and therefore
dubious cases, all the known social bees belong to five
groups comprising certain species of the genera Allodape
and Halictus and all the species of the three highly
specialized sub-families Bombina, Meliponinz, and
Apinz. The three latter have long been known to be
eminently social and their behaviour has been so often
described that I shall later touch on only a few aspects
of it. Suffice it to say, for the present, that we have
no evidence that the social habits of these sub-families
have had a common origin. There is, moreover, no
phylogenetic connection between Allodape and Halictus,
which belong to widely separated groups of bees, the
former to the Tarsilegide, the latter to the Podilegide,



84 THE SOCIAL INSECTS

and neither is directly ancestral to the Bombinz,
Meliponinz, and Apinz. We may therefore assume, at
least till proof to the contrary is forthcoming, that social
habits have appeared on at least five different occasions
in the family Apide, just as we found five independent
sources of social development among the Diploptera,
or Vespide. Owing to the unusual interest attaching
to Allodape and Halictus I shall devote a large part of
this lecture to a discussion of their behaviour.

The South African bees of the genus Allodape exhibit
an extraordinary transition from a solitary to a social
mode of life but of guite a different tvpe from that of
Halictus and the three higher sub-families. The species
are small and rather closely related to our European and
North American carpenter bees of the genus Ceratina,
but their larva are peculiar in possessing pairs of
appendages with which they hold on to their food.
Some notes on the habits of Allodape kindly sent me
by Dr. Hans Brauns were published in my * Social
Life Among the Insects” and in the French edition
of the present work. Since he has lately (1926) published
a detailed account of these bees, I substitute several
paragraphs from his very interesting paper and reproduce
two of his figures.

“The old authors considered the species of the
genus Allodape to be mostly parasites; and from the
time of Lepeletier St. Fargeau we find them quoted
in hymenopterous literature as being parasites or mess-
mates. This mistake is not easily explained, because
the species of Allodape bear on the legs a distinct collect-
ing apparatus of hair-brushes. They are in fact true
social bees, although their colonies are as primitive as
can be. There is no building of cells, no shrouding of
the brood whatsoever. The female excavates a tunnel
into the dry stem of iridaceous plants, Iris, Rosa, Aloe,
Rubus, amaryllid plants, etc., or any other plant with
a soft pith; it removes the latter entirely, and the
nest is then ready. I believe that in most cases labour
is not even involved. They as often as not use the
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stems previously hollowed out by Ceratina bees, or
perhaps Diploptera wasps. Some of the smaller species
ulilize the galleries made by Coleoptera in dead logs or
poles, or again the long thorns of mimosa trees. In
the plains of the Karroo, where suitable plants are not
as common as in other parts of South Africa, some
of the small species even nest in the ground, the steep
sides of dry rivers and “ shiits ", and even in the walls
of houses. So, for instance, does the widely distributed
Allodape pringler, Cam. (Fig. 20), but this nesting in
the ground is comparatively rare.

“ The colony is founded by the female alone at any
season of the year. It is, of course, clearly established
that at higher altitudes the seasonal temperature and
the want of flowers must impede or hinder the continunal
gathering of food, but there is no hibernation. A warm
sunny day finds the bee out of doors, even in the middle
of the winter season. Certain plants flower only in the
cold or winter season, as, for instance, the Ericacea,
some Aloes, Lycium, and others. Something is always
to be had. After excavating the stem to a convenient
depth, or putting the last touch to the ready-made
gallery, according to her taste, the female deposits the
egg at the more or less rounded bottom of the hollow
part. The egg is of large size in comparison with the
size of the bee, and of kidney shape. ‘As soon as the
larva is hatched the mother commences feeding it.
The egg or eggs that will hatch last are always to be
found at the bottom of the cavity ; above them are to be
found the younger larvz, then the more advanced ones,
and towards the entrance are the pupz. Sometimes,
however, this disposition will be found to be disturbed.
The mother in carrying food to the young larva at the
lower part of the cavity must perforce constantly pass
the pupz and larger larve, and may therefore slightly
disturb the above-mentioned order, but this occurs rarely.

“* A special worker class, such as we find in the genera
Aprs, Bombus, Trigona, and Melipona—that is to say,
a more or less crippled female, is not to be found in
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curve (Fig. 20d). The larva (a) are provided with a
great number of short, fleshy, and contractile appendages
disposed round the segments. Friese uses the term
Pseudopodion for these appendages. By the aid of these
fleshy protuberances the larvae are able to keep their
position in the same level of the Jumen of the gallery.
By pressing these proturberances against the rngosities
of the walls, and also against the bodies of their neigh-
bours, they maintain the position of the body in the gallery
in such a way that the apical end of the larve and the
heads of the same are each at the same level. It follows
that the hatching of the larva must take place, approxi-
mately, at the same time. It is probable that the bee
lays and fastens the row of eggs in rapid succession.
The feeding of the larva is accomplished in the following
manner. The mother bee deposits the food in the space
left between the heads of the larva so that they can
all feed at the same time from the same food supply.
The pupz and the larva after the last casting of skin
are found near the entrance, and the agglomeration of
larva still feeding are below them, nearer to the bottom.

“ In principle, the manner in which the larve are fed
in the two typical instances here given is really the
same. The larva are not fed directlv by the mother
bee, nor by regurgitation, but they are fitted with
integumentary organs for holding the food near the
buccal parts, and also in one case for clinging to the
walls of the cavity. They use the food supply in a way
similar to that which that eminent observer of ants
and their life-history, Professor W. M. Wheeler, has
shown us so clearly to happen in the case of Ponerine
Ant larve. It may be stated, however, that the larva
casts off the integumentary appendages at the last
moult leading to the pro-pupal stage, when it has already
assumed the maggot-like appearance of the usual bee
larva.

“ The third method of feeding the larva is, in com-
parison with the two already described, the most
interesting and the most important. I have only recently
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observed it in the case of a small species making its
nest in the Karroo plains in the dry stems of a native
asparagus. There is no doubt about the result of my
observations since I have come across about a dozen
colonies.

“In this species the mother bee carries in food for
one larva only at a time. As in the first type, she first
lays the egg, which in comparison with her own size is
enormous, being almost equal to one-third of her own
bulk. After the oviposition, she brings in enough
food to last for the larva until it reaches the pupa
stage. The volume of this pollen mass is about the same
as we find in cases of solitary bees, as for instance in
any of the partitions of the nest of a Ceratina species
of the same size. It is quite sufficient for ome larva.
If we open the nest we find one larva clinging to a pollen
mass, another to the next one, and so on. On the top
of all is a fresh egg, and above it a pollen mass which the
bee is about to complete. When several larvae are
present the one on the bottom is the most advanced.
I found the colonies provided in this manner in all stages
of growth. The external appearance of the larva
is also different from that of the two first-described
types. The larva clings closely and broadly with its
very flat ventral surface to the food mass. Only two
comparatively small and inconspicuous fleshy protuber-
ances, the anterior larger than the posterior, are to
be seen on each side of the larva. It will be necessary
to observe more closely the habits of this species.
More will probably be found providing their larva in
this manner.

** There is only one difference separating the economy
of this bee from that of the general type of solitary bees,
namely that in this instance there is no partition between
two adjacent larvae and their store of food.

*“This point is of great importance, and should be
thoroughly grasped. All other solitary bees provide
first the food, then lay the egg on it, and close the cell
or partition, proceeding after this with another partition
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resting on the closed one. In the case of this Allodape
the process is the same, except that the egg is first laid,
then a sufficiency of provender carried in for the future
larva; another egg is laid above the first, food brought
in for the same ; and so on. But there is no partition
separating the larve and their food as in the case of all
other solitary bees; and the gallery is not closed after
the last egg has been provisioned with the required food.

“ The reason for this method of oviposition may
perhaps be explained as follows: As mentioned before,
the egg is very voluminous in comparison to the size of
the mother bee. It is hardly credible that a small
bee should lay eggs one-third her own size in rapid
succession. Such eggs take time to mature in so small an
ovarium, and cannot therefore be laid at short intervals.
Owing to this, the bee has time enough to bring in
sufficient food to feed each larva tili the pupal stageis
reached.

“ In the first type of oviposition and food storage, it is
true, as already stated, that the egg is also very large,
but we do not know the time required for the completion
of oviposition. In the second type, where numerous
eggs are fastened to the walls of the gallery, the size of
these eggs 1s small, and accords with the size of the
mother bee. From the description of their position it
1s evident that they must be laid in rapid succession
in order to allow all the hatched larva to feed from the
same food supply, and at the same time ".

Brauns’ observations on Allodape are of considerable
interest, because they reveal within the limits of a single
genus a series of stages beginning with a mass-provision-
ing of the young, like that of the solitary bees and
wasps, and ending with a stage of progressive provision-
ing. And not only has the latter led to an acquaintance
of the mother with her offspring but to a temporary
affiliation of the offspring with the mother. It would
seem that these conditions must have had their inception,
as Brauns suggests, in so simpie a matter as the omission
of the series of partitions which all other solitary bees
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construct between their provisioned cells. In this
connection it may be noted that in the gastrilegous bees
of the genus Lithurgus, which are related to Megachile
and excavate digitiform tunnels in woods, there are
indications of an approach on the one hand to the
conditions in Allodape and on the other to those of the
higher social bees. Gutbier (1914) found that the
palearctic L. fuscipennis lays several eggs on the same
mass of bee-bread and that this is devoured in common
by the hatching larve. On reaching its full growth
and before pupation, however, each larva isolates itself
by means of partitions of excrement. In an Australian
species, L. denfipes, known to occur also in the Carolines
and other Pacific Islands, Ludwig (1go4) and Friese
(x9os, 1923) observed that same of the digitiform
cavities of the nest are used as storehouses for pollen.
Halictus is the largest of bee genera, of world-wide
distribution and comprising about 1,000 described
species, a great number of which differ by such insigni-
ficant and elusive characters that they are the despair of
taxonomists. The habits of only a small number have
been studied, mostly with fragmentary and often con-
flicting results. The European species have been investi-
gated by the following observers: Walkenaer (1817),
Eversmann (1846), F. Smith (1855), Breitenbach (1878),
Fabre (1879-80, 1g03), Verhoff (1891, 1892, 18g7),
Friese (1891, 1923), J. Pérez (1895), Aurivillius (1896),
Ferton (1898), von Buttel-Reepen (1903), Semichon
(1912), Fahringer (19r4), Armbruster (1916), Legewie
(1922) and Stockhert (1923). In the United States
these very common bees have attracted very few
students. The only important papers I can recall are
one by J. B. Smith (1go1) on an unidentified Halictus
and H. (Augochlora) humeralis, one on H. (Chloralictus)
pruimosus and its parasites by Melander and Brues
(1903) and some notes by Rau (1926) on the nesting
habits of H. (Chloralictus) zephyrus. R. von Ihering
(xgo4) has published a description of the nests of
Augochlora gramminea in Brazil, and Liiderwaldt (1911)



THE EVOLUTION OF BEES gz

a few notes on the cells of the Brazilian Neocorynwra
erinnys. More recently Herbst (1922) has given us
some valuable data on the habits of three of the Chilean
sub-genera, Augochlora, Agapostemon and Corynura.

The Halicti, so far as known, nest in the soil or more
rarely in rotten wood, in aggregations which may com-
prise hundreds of nests. Each nest is started as a narrow,
more or less perpendicular gallery, usually less tham
two feet in length, but in the case of H. (Awgocklora)
humeralss reaching a depth of six feet. The ellipsoidal
cells are excavated singly or in groups along the gallery.
In some species (H. sexcincius) they are combined in
the form of a rude comb, which in H. guadnicincus is
surrounded and partly isolated by a capity. The
peculiar structures of the latter species were first seen
by Eversmann, but those of both species have beem
more recently described by Verhoeff and others. Many
Halicti, as Fabre observed, line their gallery and cells
with a thin laver of a secretion which hardens as a
hydrofuge varnish. For many years there has been a
smouldering controversy over the number, sexual
composition and parthenogenesis of the annual genera-
tions of these bees. Since there would be no advantage
in entering into a full discussion of the various opinions
that have been entertained by different authors, 1 shall
select for brief consideration only the interpretations
of Fabre and Armbruster and especially of Stéckhert,
through whose recent very careful investigations the
whole matter assumes a new and intensely interesting
aspect.

Since the days of Frederick Smith melittologists have
agreed that an Halictus brood develops during the
summer and produces males and females in the fall and
that after mating and the death of the males, the
females hibernate in the maternal burrows or their
vicinity and during the following spring renovate the
old nest or excavate new nests and begin to provide
for their brood. Fabre, who studied mainly H. calceatus
(=cyfindricus) and to some extent scabsose (= sexcincius)
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and fodiens, maintained that the overwintered fecundated
females produce only female offspring and that these
produce parthenogenetically the fall generation con-
sisting of both sexes. He therefore believed that there
are two annual generations, an autumnovernal, with
fecundated females, and a parthenogenetic summer
generation. His contentions that the Ilatter consists
only of parthenogenetic females and that the two sexes
of the fall generation mate in the nest, prove to be
erroneous, but as we shall see, his belief that the over-
wintered females survive for many months and act as
janitresses of the nests was well-founded. But this is
neither the sole nor the most important function of the
old females.

Armbruster undertook to determine the number and
character of the annual generations by a statistical
study of the flight-records of German Halicti and reached
the conclusion that the males and females mate in the
fall but that, at least in Northern Europe, the females,
as well as the males, die after provisioning their cells.
Hence the brood alone passes the winter and produces
nothing but females the following spring. These
produce withont fecundation a summer generation of
females which in turn become the parthenogenetic
mothers of the fall generation of males and females.
According to Armbruster, therefore, there are three
annual generations, since the fall and spring females
are not the same individuals, as Fabre and others have
maintained, and there are two parthenogenetic genera-
tions, the first producing only females (thelytocous),
the second both sexes (ampherotocous). Armbruster
believes that the same conditions obtain also in Sphecodes,
the parasite of Halictus, and goes so far as to speak of a
peculiar ““ Halictus-type "’ of generation, unique among
bees, since the unfertilized eggs do not conform to the
Dzierzon rule but produce females in the summer and
both sexes in the fall.

Stockhert somewhat scornfully rejects these conten-
tions as presumptuous, erronecus and based merely
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on “ paper statistics”. His own observations were
carried out during seven years in Upper Bavaria, for the
most part on H. malachurus, maculatus, sexcincins,
smmarginatus, and puncticollis, which happen to represent
most of the European groups of the genus. The
observations relating to reproduction and partheno-
gensis were carefully controlled by Zander through
dissections of the female reproductive organs. It
appears that the number of annual generations differs
in different species of Halictus. Thus some northern
forms, e.g., H. lineolatus, have only one generation. like
many species of Andrena, and others H. (Lucasius)
clavipes and H. soror have two, each consisting of both
sexes, also like certain Andrenas. Moreover some
Halicti with long flying periods may have a third
generation intercalated in the autumn, especially when
the advent of winter is delayed (H. morio, punciicollis,
villostlus). But whether there are one, two, or three
generations, the males die in the fall, though rarely in
some South European species a few may survive and
fly during the following spring, whereas the females
always hibernate.

Although Stockhert shows that both Fabre and Arm-
bruster were wrong in their account of one or more
parthenogenetic generations, there is in certain Halicti
a type of reproduction even more interesting on account
of the light it sheds on the evolution of social habits.
H. malachurus may be taken as a paradigm. This bee
nests in hard, clayey soil, often in congregations of more
than a thousand burrows. The overwintered females
sometimes appear as early as the middle of March and
begin to clean and varnish the burrows and te visit the
flowers of willows and dandelions. Although several
females have been hibernating peacefully in the same
burrow, their number is now reduced to three, two or
normally only one, owing to the struggles among them
for possession of the burrow. The ousted individuals
have to move to unoccupied nests or to dig new ones.
The brood<ells are built directly off from the main
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gallery, provisioned and provided with eggs. If more
than one female remains in the nest, these daughters
of the same mother nevertheless build separate cell-
clisters. By the middle of June the brood emerges
and consists almost exclusively of females. They are
smaller than their mother and differently sculptured
and belong to a form which taxonomusts have described
as H. longulus. The first individuals to appear are
unusually small. There are no longulus males. The
mother still survives and her longulus daughters remain
with her and begin to construct brood cells. This
work is carried on mainly at night, as Fabre observed
in H. calceatus. The eggs for these cells are laid bv the
mother and not by the longidus daughters, which,
however, collect the provisions consisting mainlyv of the
pollen of Hieracium and Leontodon. The old mother
remains at home and guards the nest entrance in the
manner observed by Fabre and others. The longwulus
females forage till about the last of September, although
each individual probably lives onlv four to six weeks.
Their number increases till in August there are about
a dozen in each nest. Females of the malachurus tvpe
begin to appear about the beginning of August, also
from eggs laid by the old mother. They are very,
drowsy and lethargic, compared with the very active,
bustling longuius females and collect no pollen though
thev visit the flowers for nectar. The males, which
have been appearing and increasing in numbers in the
meantime, and are also the ofispring of the old mother
Halictus, pay no attention to the longulus females,
but eagerly pair on the surface of the nest with the
voung malachurus females when they leave the burrow
for the first time on some sunny dayv. There is therefore
a kind of abortive marriage flight. Dissection of the
longulus females shows that thev are never fecundated.
The old mother, after surviving the preceding winter
and produring the summer brood of longwdus and fall
brood of malachurus, though much worn and with fraved
wings, lives till the end of the scason. Zander's dis-
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sections showed that her ovaries may contain ripe eggs
and her spermatheca an abundance of sperm till the end
of August. Somewhat later she loses her power of
flight, crawls away and dies. The lomgulus females
and the males then also perish, but the young fecundated
malachurus females go into lmbernation in their mother’s
nest.

The habits of H. maculatus were found by Stockhert
to be very much like those of malackwrus. The summer
females are also smaller than their mother though they
have the same sculpture and have not been described
bv taxonomists under a different name. In H.
smmarginatus the summer females, however, differ in size,
punctuation and rugosity from their parent and are
known as pauxillus. The summer form of H. punch-
coliis, though of the same size as the mother, is sufficiently
different to have been named rilloswdus by the system-
atists.

In this brief account of Stackhert's observations vou
cannot {ail to have noticed the very stniking and suggestive
rescmblance of H. malachurus to Vespa and Bombus.
The sterile lomgulus females correspond, of course,
to the workers of Vespa and Bombus, while the old
mother malachurus represents the overwintering wasp
and humble bee queen. In fact, the social organiza-
tion of H. malachurus and the allied species, apart from
the number of co-operating individuals. is almost as
highlv developed as that of Bombus. The resemblance
1s further enhanced by the fact that in some of the
allied species of Halictus (sexcimctus and guadricinctus)
the brood cclls have the form of a rude comb and in
H. scabics, according to Fahringer (1914), some of
the brood<ells mav be used for storing pollen. You
will notice also that there is no infraction of the
Dzierzon rule in Halitus, no parthenogenetic onigin of
females, and that Fabre's and Armbruster’s claims to
the contrary must have been due to a misinterpretation
of the facts. Stockhert's observations, to which I
shall have occasion to return in another connection,
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indicate that there may be many surprises in store for
us when the life-histories of these seemingly monotonous
and uninteresting bees have been subjected to more
careful scrutiny and experimentation on other continents,
especially in South America and Australia.

The higher social bces, the Bombinz, Meliponinz
and Apinz, representing the most highly specialized
forms among the podilegous division of the family Apida,
present so many knotty problems to the phvlogenist
that a whole course of lectures would hardly suffice for
their acequate consiceration. It is often assume: that
these three sub-families must be rather closely related,
partly because their morphological structure is similar
and partly because they all secrete wax and employ
it in building their combs and brood-cells, but their
habits and the grnesis of their societies are so diverse
that we are led to suspect that we mav be dealing with
three convergent developments from as manv independent
ancestral sources rather than with three diverging
branches of a common stock. The colonies of such
forms as Halictus malachurus, which, as we have seen,
are very similar to those of the Bombina, are also very
suggestive in this connection. My time is so limited
that I shall have to confine mysclf to a few notes on
the paleography, secretion of wax, the degree of
polvmorphi<m and the methods of colony formation
in the three sub-families.

Social bees have been described from the Baltic amber
{Lower Oligorene}, Siilian amber {Miocene) and various
shales of the Upper Oligocene and Miorene of Europe,
and an attempt has been made by von Buttcl-Reepen
(1906, 1913) to interpret some of these fossils as actual
ancestors of our modern A pis melliica.  But the species
placed by the early entomologists in the modern genera
Bombus, M~lipona, Trigona and Anis on recent examina-
tion bv Cockerell (raona, 1¢.7i7), a sperialist in bees,
have been shown to b-long for the most part to quite
different and extinct genera. Of the species of Bombina
described from the Baltic amber, Bombus pusilius Menge,
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is only three millimetres long and cannot therefore be
a Bombus; B. carbomarius Menge and Bombusoides
menges Motschulsky are, according to Cockerell, quite
unrecognizable. Of the five species of Bombus described
from the Upper Oligocene and Miocene, Cockerell (19094)
has shown that two, B. jurinei and abavus, belong to
the genus Xviocopa, and one cannot help entertaining
some doubts about the generic identification of the others,
antiguus Heyden, crassspes Novak and grandezrus Heer.
Cockerell (1gogd) finds, however, three distinct genera
allied to Bombus in the Baltic amber, namely Proto-
bombus with two, Chalcobombus with two and Sophro-
bombtus with a single species. Protobombus is described
as Leing more closely allied to Bombus than to Apis and
possibly in the direct line of descent to the former genus.
The other genera represent side lines not leading to any
of our modern bees. We may conclude, perhaps, that
the Bombhinz were a larger and more diversified group
during the Tertiary than they are at the present time,
since, if we omit the parasitic Psythirus, there is now only
a single genus.

Species of Melipona and Trigona have been cited from
the Baltic amber by Brischke and Buwmmeister (Hand-
lirsch 1908), but Cockerell regards the generic references
as quite worthless. Nevertheless, two Meliponine bees
belonging to an extinct genus, Melsponorytes succins and
sscula, have been adequately descnibed and figured by
Tosi (18¢6) from the more recent Siciian amber. They
are of umisual interest as showing that the sub-family,
now confined to the Neotropical, Ethiopian and Indo-
australian regions, was once represented in Europe.
Authentic Mcliponina may therefore occur in the Baltic
amber, which contains so many insect genera that are at
present confined to Australia and the East Indies.

The two fossil species of Apis adduced by von Buttel-
Reepen (1006) in support of his view that the honey-
be¢ must have originated in Germany, have met a sad
fate. .4 p1sadamitica Heer, from the Miocene of Oeningen,
proves to be a Lithurgus, ie., a gastrilegous bee allied

7
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to Megachile, according to Cockerell (190g9a), and von
Buttel-Reepen’s Apis meliponotdes from the Baltic
amber has been shown by the same mvestigator to be, not
an Apis, but the type of a new genus, Electrapis. He
admits that it is fairly intermediate between Apis and
Bombus and that it *“ may be regarded as representing
the ancestral stock of Apis and to some extent that of
Bombus, but it is no doubt actually a side branch derived
_from that stock and not strictly in the line of descent
leading to the modern genera”. A second species,
tornguisti, doubtfully referred to Electrapis by Cockerell,
is even closer to Bombus. The {pis proara of Menge,
also from the Baltic amber, cannot be recognized from
the description and probably belongs to some other
genus. Thus we are left with practically no paleonto-
logical data on which to erect a * Stammbaum " like
that of von Buttel-Reepen for the Bombinz, Meliponinz,
and Apina.

In my last lecture I failed, perhaps, sufficiently to
emphasize the fact that there is a verv striking progress
in nidification among the Diplopterous wasps, starting
with a construction of the nest in or of clay or earth,
through the utilization of leaf-particles for the same
purpose (Zethina) to the nidification of the five social
sub-families which fabricate a veritable papier mdché
consisting of fine vegetable fibres, agglutinated with an
oral secretion . This evolution is paralleled by that of
the bees. Many of the lower solitary forms nest in the
soil or make earthen cells, while higher forrns use a great
variety of vegetable substances, sometimes even a
leaf-paste, as in the European Osmia inermis, till anally
in the three higher social sub-families the material for
the brood and storage cells is produced exclusively in
the form of a unique secretion, known as bces’ wax.
There is, therefore, in both groups a similar significant
evolution from more primitive terricolous or humicolous
to more aenal (dendrobious, or arboricolous) habits.

While there is no evidence that any of the solitary
bees secrete wax, von Buttel-Reepen (1903) and Frnese
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(1923) have called attention to the fact that in freshly
killed and drving female specimens of several genera
(Tetralonia, Eucera, Anthophora, Pachymelus and
Xvlocopa) there exudes from between the abdominal
segments on the dorsal side a substance which looks
like wax though its chemical analvsis (in Tetralonia)
reveals nothing but the presence of fat. Wax, however,
being also one of the lipins, or lipoids, is of a similar
composition. Friese doubts whether these masses of
fatty exudate can be utilized by the solitary bees,
since they possess no apparatus on their hind legs for
removing them from between the segments, but the
matter has been given verv little attention and we are
not in a position to say that more definite phvsiological
stages leading up to the wax-secretion of the higher social
bees may not exist in some of the solitary species.
Heselhaus (1922) has shown that the glands underlving
the large velvety areas along the internal orbits in Andrena
and the glands of certain abdominal segments in Osmia
are structurally very similar to the true wax-glands of
the honeyv-bees, Bombinz and Meliponinz as described
by Dreviing (1905). The structures in Andrena and
Osmia certainly do not produce a typical wax. In
Andrena the secretion may perhaps be a volatile essential
oil and the facial glands may therefore be scent-organs,
though, as Heselhaus suggests, their proximity to the
olfactory organs of the antennz is not very favourable
to such an interpretation. The regions which secrete
the wax in the Bombinz, Meliponinz and Apina are
known to have a diffcrent distribution on the abjomen
and in the individuals of the various castes. In Bombus,
wax 1s secrete:] both dorsally ard ventrally bv both
queens and workers on the second to fourth abiominal
segments, in the Mcliponinz bv queens, workers and
males on the second to fourth segments, but onlv on the
dorsal side of the abjomen, and in the Apina exclusively
by the workers and only on the ventral side of the
second to fifth segments. In all cases the secretion is
produced by young individuals only. The Bombina
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would seem, therefore, to represent the most primitive
or generalized stage, i.e., the one which may be con-
ceived to have given rise to the condition seen in the
Meliponinaz by a loss of the glands on the ventral side
of the abdomen and in the Apin® by their loss on the
dorsal side. There are also some interesting differences
in the method of emploving the wax in the three sub-
families, the Apinz using it in its pure form, the Bombina
mixed with a considerable amount of pollen and fatty
substances (see Armbruster’s (1914) citation of Sundwick’s
analyses) and the Meliponina with a large admixture of
earth, resins (propolis) and other vegetable matter.

Since I propose to go into a lengthy discussion of the
polymorphism, or caste development of the social
insects in two subsequent lectures, I shall here merely
touch on it in the bees. In some Halicti and in Bombus
the female has developed two phases, but they exhibit
only feeble structural differences like those of the social
wasps, the worker being smaller than the queen, incapable
of fecundation and therefore either sterile or capable
of laying only male-precducing ova. The differentiation
is carried somewhat farther in the Meliponinz and Apina
and, owing to differences in habits, exhibits a significant
reversal of the conditions seen in Halictus and Bombus,
since the gueen, though retaining and exaggerating the
fecundity of the queens of these forms, shows a degenera-
tive reduction of the pollen-collecting apparatus of the
hind legs and of portions of the head (-muller size of
head in Meliponin®, reduced mouth parts in Apis).

In conclu~icn something may be said about the various
methods of colony formation among the Bombina,
Meliponinz and Apinz and the matter of monegyny
(“ monogamy ”, or ' monometrosis”’) and polygyny
(" polvgamyv ", or ‘ pleometrosis ') touched upon in
the preceding lecture. In north temperate regions the
Bombus colony is an annual development initiated by
a single fecundated, overwintering queen in preci-ely
- the same manner as the colonies of Vespa, but according
to R. von lhering (1903), the colonies of B. carbonarius
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and cayenmensis in Brazil are perennial and contain
several fecundated queens which establish new colonies
by swarming, like many of the tropical social wasps
investigated by Ducke, the von Iherings and Roubaud.
According to Silvestni (19o2) and H. von Ihenng (1903)
the Meliponine colonies are also established by swarming.
There is only one mother queen in a colony and since
she is unable to fly on account of the volume of her
abdomen and the relatively small size and often mutilated
state of her wings, the swarms of workers leave the nest
with the young queens as in the case of the tropical
wasps and humble bees. In the honey-bee, as is well
known, there is also only a single mother queen, but she
preserves her powers of flight and leaves with a swarm
of workers as soon as a voung queen is about to emerge
in the hive. To anticipate, I may say that in the
Formicide the great majority of species, even in the
tropics, undoubtedly establish their colonies like Vespa and
the Bombi of temperate regions, though colonies may also
arise by swarming, i.e., by fecundated females leaving
large colonies in company with workers and occasion-
ally alo by association of a few young sister queens
(** primary pleometrosis ).

Reserving for future consideration the aberrant cases
of certain social parasites, we may therefore distinguish

four types of colony formation in the social Aculeata, as
follows :—

(1) The Vespa type, seen also in the northern species
of Bombus and Polistes, in Halictus and most
ants. The incipient colony is epitomized
in a s<ingle fecundated_queen.

(2) The Belonogaster type, occasionally seen also
in Halictus and some ants (Lasius, Myrme-
cocyvstus (Wheeler 1917)), etc. The beginning
colony consists of several fecundated, pro-
bably sister queens.

(3) The Mclipona type, occurring also in many
tropical Vespide (Polistes, Polybia, etc.)
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and Bombus. The colony at first consists
of a single fecundated queen and a number
of workers which are her sisters.

(4) The Apis mellifica type, not known to occur in
any other insects. The new colony consists
of an old fecundated queen and a number of
her worker daughters.

The fourth type may, perhaps, be a vaniant of the
third, but it has not been satisfactorily explained, though
careful investigation of the other species of Apis, dorsata
(Fig. 22) and Aorea, of the Indomalayan region may be
expected to clear up some of the difficulties. The Vespa
tyvpe is monogynous whereas the Belonogaster and
Melipona types are polvginous, with the difference that
in Belonegaster the individuals founding the new colony
are all fertile, whereas in Meclipcna there is a single
fertile and a number of sterle individuals.

The von Iherings, Ducke and Roubaud regard the
polygimous as the more primitive and the monogynous
as a derived type, which has arisen in the northem
wasps and bees as a response to unfavourable climatic
conditions. These will not account, however, for the
almost universal monogyny in ants. On the other
hand, we might say that the colonies of Vespa and
northern Bombi each year produce a swarm of females
and workers, but that the advent of cold weather
destrovs the less resistant workers and permits only the
dizpersed fecundated queens to survive and hibernate
till the following season. It seemsto me that the question
as to which method is the more primitive may be purely
academic and that the method may depend on the
mutual tolerance or animosity of the queens. This
seems to be shown in the pnmitive societies of Halictus
(Stockhert 1923). A number of fecundated sister
queens hibernate peacefully in the <ame maternal
burrow but with the arrival of spring conflicts break out
among them and the result is usually a monogynous
colony. In some cases, however, two or three of the
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sisters may compose their differences and establish a
polygynous colony. We should probably observe a
similar indeterminate type of colony formation in Vespa
and our northern Bombi, if the fecundated queens were
in the habit of hibernating in the maternal nest, or among
the ants if the queens, instead of dispersing during the
marriage flight, congregated in convenient cavities.
Occasionally several queens of Lasius, Formica or
Myrmecocystus (Wheeler, 19170) may actually do this,
and von Buttel-Reepen (1905) has witnessed the begin-
ning of a digynic colony of Lassus miger. For twelve
months a couple of queens of this ant lived very amicably
side by side and cared for their brood in common, but
as soon as the first workers emerged, they violently
attacked each other. On being separated, one of them,
already severely wounded by her sister, was killed by the
workers, so that the colony became monogynous. The
instincts of the two queens thus underwent a sudden
change with the matuning of the brood. In Halictus a
similar change supervenes, but at a much earlier stage
of colony formation, and in Belonogaster it seems not
to occur.’

! Janet's observations (1004} show that in mature polvgvnons
colonies of ants (S5 napsis and Tetramonium® kept in artificial nests,
the queens arv graualiy kilied oft by the ®orkers ti] onlv a single one
rernains.  Since this o leton does not occur i waid colomes, Janet
was probably nght in suspecting that 1t mught have been due to lack
of food in the artificial nests.




\'

THE EVOLUTION OF ANTS

THE third and last and from many points of view the
most interesting group of social Aculeates comprises
the family Formicid, or ants. It is essentially a tropical
group and till recently our knowledge of it was so largely
confined to the rather small number of species in the
north temperate zone, that no comprehensive description
was possible. During the past half century, however,
Forel, Emery, Ern. André, Santschi, Viehmeyer, Donis-
thorpe, Crawley, Mann, myself, and others, building
upon the foundations laid by Latreille, Frederick Smith
and Gustav Mayr, have been endeavouring to complete
the taxonomic edifice of the family and to gain such
knowledge of the behaviour of the species as was incident-
ally possible. Though there still remains, of course, a
great deal to be done, the data accumulated have,
nevertheless, attained imposing dimensions. They are
now being used in the production of compendious works,
of which several are already accessible to the student.
During the past twenty years general, semipopular
volumes on ants have been published by Forel in French,
by Escherich (1917) and Brun (1924) in German, by
Emery in Italian (19134) and by Donisthorpe (1915)
and myself (19104, 1923) in English. Forel's ** Fourmis
de la Suisse ”’ (new edit. 1g20) and especially his ** Monde
Social des Fourmis” (1921-23) cover the field so well
that I can find no excuse for devoting this lecture to a
survey of the structure and behaviour of ants. [ shall
take for granted that you have some acquaintance with
these insects and shall treat, so far as my time will permit,
only a few general matters such as the phylogeny of
the family, its known paleontological record and its
geographical distribution. In later lectures I shall

104
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enter into somewhat greater detail in regard to some
other equally controversial matters.

The fact that the family Formicida, unlike the Vespida
and Apidz, consists entirely of social insects, is a serious
obstacle to a determination of its phylogeny. Up to
the present time 6,000 different forms, ie., species,
subspecies and varieties have been described from all
parts of the world, and it is probable that our younger
myrmecographers will be able to raise the total to 10,000
long before the end of the present century. Since
there can be scarcely half as many forms of termites,
the ants are far and away the largest group of social
insects. According to Forel and Emery, the family
Formicide comprises five subfamilies, the Ponenna,
Dorylin®, Mymmicine, Dolichoderin2 and Formicina
(Camponotinaz). The Ponerinz are a primitive but
rather heterogeneous group (Fig. 24). The Doryline
comprise the famous driver ants of Africa (Fig. 39) and
the army ants, or ** ants of wisitation "’ of the American
tropics. The Myrmicinz are a large and very hetero-
geneous assemblage of genera, which are, nevertheless,
easily recognized by the two small petiolar segments of the
abdomen in all the castes (Figs. 26, 48, and 72). The
Dolichoderinz (Fig. 79) and Formicinz (Fig. 5I) are
both characterized by a single small petiolar segment
but differ in the shape of the gizzard, anal aperture
and the character of the poison glands. I have recently
recognized two other subfamilies, the Cerapachyina
(Fig. 25), formerly included among the Ponerinz, and
the Pseudomyrminz, formerly placed among the
Myrmicine. It seems to me that an eighth subfamily
should be created for the very aberrant and specialized
tobe Leptanillini, which Emery has placed among the
Dorylinz.! In the future the Myrmicinz will probably
be resolved into several subfamilies. The series of
subfamilies which may be recognized at present, with
their most general distribution are the following :—

¥ Dr. G.C. Wheeler {1923) has shown rhat the larva of Leptanilla is
very dinerent irom that of any other ant-genus.
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stages of conquest, defence and industry in human
history. I believe, therefore, that the discussion of the
interrelationships of the Formicid subfamilies is not
altogether futile. Handlirsch, who has constructed so
many * Stammbiume ”, may be pardoned for disliking
those of other hymenopterists, but he is hardly consistent
in regarding their construction as a useless occupation.
They are after all only graphic expressionsof conceivable
phylogenetic relationships and have neither more nor
less value than other schemes of ey 3 our pro-
visional notions in obscure fields of investigation. If,
therefore, contrary to the eminent Austrian entomo-
logist’s opinion, we venture to construct an ancestral
tree of the Formicid sub-families, it would look some-
thing like Fig. 23.

The Ponerinz represent the primitive stock from which
the other subfamilies d to have radiated, and
the amount of SpeCia.lll;duuu ws waich they have severa.lly
attained is indicated roughly by the level of their names.

There is one question which has not been explicitly
discussed by myrmecologists though it is sugges: *
our account of the Vespida and Apide and t.

Are the various subfamilies of ants really derived from
a common stock or are they polyphyletic like the
various social subfamilies of wasps and bees > In the

precedmg diagram they are treated as monoph+ his
is the view taken by F  *° -and by - 7 1520,
Emery, however, has _.____.__ 1 polypk;. ... .ngin of
the subfamilies in the following schema published in 1920:
Prodorylinz (Cerapachyin®}——Dorylin®.

3 s’ ——Euponerinz
258 | & Amblyoponini, Ectatommini, Proceratir
0u% J§ | Myrmeciini ( continuing the stock with
sEi i | e minihum smount o
S&2 ‘_E Platythyreini differentiation.

g Myrmicine

?——Dolichoderine
?——Formicine (Camponotinz)
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Here at least four independent, parallel lines of
development are suggested as arising from the hypo-
thetical ancestral stock of the Formicida, which lies
even further back than the Proponerinz, the putative
ancestors of the Ponerinz. 1f we take Emery’s point
of view, therefore, we have much the same situation as
in the social Vespida, for the hypothetical ancestors
must have been very primitive and in all probability
solitary or subsocial Aculeates. It is clear that if all
solitary Vespids and Apids had become extinct and only
the social forms had survived, we should very probably
regard them as monophyletic families. On the other
bhand, the various Formicid subfamilies are all very
closely related and, as already stated, seem even to be
united by annectant groups. I deem it more probable,
therefore, that the family as a whole is really mono-
phyletic.

Our next task is to determine among the solitary
Aculeates the precise locus of origin of the ants so far
as this is possible with the aid of morphology, paleography
and ethology. The impression conveyed by the ants as
a whole is that of a sharply circums:cribed and very
ancient or archaic family. The archaic aspect is revealed
in the many genera and species which combine obviously
very old with highly specialized characters, in the pro-
nounced sexual dimorphism, since the differences, apart
from the wings, between the males and females 1s greater
than in any other Aculeates, and in the extremely special-
ized worker caste, which is not onlv alwayvs wingless but
always differs much more frem the fertile female, or queen
in the structure of the head, thorax and abdomen than in
the social Vespide and Apida. All these differences are
indications of a very long evolution, apparently much
longer than that of the social wasps or bees. Obviously,
the ancestors of the Formicide are not to be sought
among the Sphecid®, or Fossores, but on account of the
thoracic structure, wing-venation, absence of strigils
on the hind legs, etc., among the Vespcids, or Vespi-
formia. The Diploptera (Vespide) and Pompilide
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may also be eliminated as possible ancestors on morpho-
logical grounds. We are reduced, therefore, to the
series of families (see p. 56) constituting the most
ancient section of the Aculeate sub-order, the Sapvgida,
Scoliide, Tiphiidz, Thynnida, Methocide, Plumande,
Muiilhdz, Apterogymide, Fedschenkidz, and Antho-
boscide. The behaviour pattern of these insects, so far
as known, is very uniform and of a more primitive
type than that of the Pompilids, solitary Vespids and
Sphecids, since they behave precisely like parasitoids
and merely seek out and paralyse their insect prey and
oviposit on it $m sitw, or in rare instances (Sapygidz)
act as parasites of bees and Sphecds.

Writers have not been slow in taking advantage of
the opportunitiy here afforded for differences of opinion
in regard to the family most closely related to the
Formicide. Most of them, following Latreille, have
settled on the Mutillide, but others have pointed to ant-
like traits in nearly everv one of the other families of
Heterogyna (Bomer's superfamily ‘“ Formicina ”').*

According to Bomer (1919), an ideal ant might be
constructed by combining the hind wings of a male
Mutilla with the maxille of a MyTmosid, the tibial spurs
of a Methocid and the cranium of a Sapvgid. He actually
regards the Plumamida as 1 subfomily of Formiade
and Plumarius as “ perhaps the most ancent of ant-
forms . Now while his suggestion that the cranium
of ants is more primitive than those of Scoliids, Thynmds
and Mutillids is interesting, it is evident that the Sapvgds
and very probably the Plumariids are in many respects
less like the ants than any of the other families of
Heterogyna. The Sapygidz are known to be parasitic

! Both Borner (19019; and Handlirsch do a good deal of lumping in
this group. The latt- r 11924} recagaizes onlv four families, the Sapy-
gide, Rhopalos mauiz ‘which 1 have placed in the Bethvioxiea).
Mutillid® and Formicile. and treats the other groups above mentioned
as subfamihes. His Mutiiacde, therefore, inciude as sub-famiires
the Mutiihine, Anthoboscainz, Scoluna., Fedschenkunz, Pterombmna,
Thynmin®e, Methnanz. Mytmosinz. Apterogyvmunz, and () Brado-
bzain®e. The Pumaruda. he beheves. consttute an 1ndependent
super-family, which he places at the beganning of the Aculeate serws.
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on solitary bees. The habits of Sapvea guinquepunctata
as described by Fabre (18g0), and those of S. simuslis
as described by Nielsen (19o2), show that they behave
like Terebrants and use their long ovipositor-like sting
for piercing the wall of the bee’s cell and laying the egg
near or on the egg of the host. The young Sapyga larva
after devouring the latter proceeds to devour the supply
of bee-bread. On account of this vegetarianism,
Nielsen would place the Sapygide® among the Apide,
where they were once placed by Curtis (near the parasitic
bees of the genus Nomada) * or rather in an independent
allied family ".*

The singular Plumariids are known only from the male
sex. There are onlv two genera, Plumarius (Konowi-
ella) in Argentina and Chile and Myrmecopterina
(Archihymen) in South Africa (see Enderlein (r914) and
Brues (1924)), a distribution which indicates that the
family is very old. The wing-venation is much more
primitive than that of ants and the antennz and abdomen
are quite different. The female is probably wingless.®

! If Rohwer's statement in the " Hymenoptera of Connecticut”’
(1916, p. 620; 15 correct that one of our North Amencan Sapyvgas has
been bred irom the cells of a mud wasp (Sceiiphron cemeniarium), the
genus would contain at least one entomophagous species.

* Bradiev (1921) while lecturing to the " Société Scientifique du
Chili ', and after speaking of the probable absence of all Myrmosidia
in South America, made the followmg remarks on Plumarius: ' But
you have here 1o their stead, and with simiiar habits, the most inter-
esting of all Chiiean Hymezoptera. Very many years ago yoaor
learned feliow-member. the late Dr R. A, Philippt, described a remark-
able hymencopterous nsect to which he gave the name Plumarius.
Because of its peculiar structure all wnters down to the present
day have been puzzied to know to what family to assign it. and [ doubt
if any outsile of Chile have known more of it than Phil:ppit's figure
and Jescription. Even within the past few vearm Szepligeti has
included 1t in his synopsis of the Braconida for the Genera [nsectorum.
A few vears ago a genus was ijescnibed for an Argentine wasp, under
the name of A n-7iw:lla. Before lea\-mg the United States I became
convinced of the fact that K nuuiella, of which Prof. C. T. Brues
had shown me some specimens, was synonymous with Plumtarius,
and that their true positinn could nn.v be ia the family Mutilhida,
Murmosida, or a new clasely alied family to be erected for them.
I further concluded that thew must be nocturnal inhabitants of arid
regions, taking in the South American desert fauna a position amalo-
gous tn that occupird in North America by the Myrmosid genas
Prizhavrvstis refarred to above  On taliking to Argent:nian entomo-
logists, [ could not obtain confirmation of my suspicion that they are
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Very little is known concerning the Fedschenkiida
and Anthoboscidz, in which the females as well as the
males possess wings. Only two species of Fedschenkia
are known, both from Turkestan (Erm. André, 19o3).
The only species of Anthoboscide I have seem, our
Northern American Sierolomorpha ambigua, while very
primitive, seems to be too simple to be regarded as near
the hypothetical Formicid ancestor. The Mutillide,
Apterogynide, Thynnide, Myrmoside and Methocide
all have apterous females and cannot on that account
be regarded as ancestral groups. In this I concur with
Handlirsch and dissent from Forel and Emery. In
his important paper on the Dorylinz (1896), Emery
rejected the Thynnids which Forel had included among
the possible ant ancestors but says: I, therefore,
agree in the main with Forel, but would more forably
emphasize the statement, that the ancestors of the ants
were closely related to the older forms of the Mutiihda
and even belonged morphologically to that family . The
relation to Thynnids he regarded as * merely a collateral
one based on their common derivation from Mutillids .
Emery was evidently led to take this view on account
of the generalized male genitalia of the Mutillids, the
apterous condition of the female Dorvline ants and the
peculiarly ant-like abdominal pedicel of Apterogyna.
But the wing-venation of this genus, which Em. André
and Emery include among the Mutillida, is peculiarly
specialized and very different from that of the Formicida.
Although Emery was well aware of the obstacle presented
by the wingless condition of female Mutillids, he boldly
maintained that the females of ants were originally
wingless but had later acquired -perfectly developed

nocturnal. Accordingly imagine my delight on burning a trap lantern
two successive nights at Potrenilos in the Eastern Andes, to obtain
nearly one hunired of these insectas belonfing to several species.
Subsequently when Mr. Carios Silva Figueroa showed me the collection
of the Museo Nacional. one of the first things to attract my attention
was a specinen of these insects, labeiled " Plumarius ', in the hand-
writing of Dr. Phiiippi, proving conclusively the identity of Komo-
wicla with that genus. [t is my early inteation to publish a study
of these insects ', etc.
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wings by inheritance from the males ! McClendon and I
(xgo3) criticized this extraordinary opinion many years
ago, but in 1920 the Italian myrmecologist states that he
is of the same opinion still, though in the next para-
graph he shows that he now holds a very different
opinion, namely that the ancestral ants really had two
kinds of fertile females, one winged and one apterous,
an opinion which I am glad to share {vide tnfra).

We are thus reduced to the only two remaining
families, the Scoliide and Tiphiide, which are commonly
combined as a single family. They were regarded by
Handlirsch in 1893 and 1908 as most closely related to
the ants, and in 1924 he says: ‘I regard it as certain
that the ancestral ants had winged males and females
and a well-developed sting. At any rate, there was only
one segment developed as a petiole. This ancestral
group of the ants can no more be derived from the
Mutillids than from the Thynninz, Methocine or
Apterogynine. We must therefore go back to still
more primitive forms. The Plumariida, however, seem
not to represent the point of origin, because their antenna
are much too highly specialized "'.

It seems to me that the group which deserves the most
serious attention in connection with the ancestry of
ants is the Tiphiide and especially the genus Elis
(Myzine) since it resembles the ants in the cshape of the
eyes, the wing-venation and the generalized tendency
to constrictions between all the abdominal segments,
so reminiscent of certain Cerapachyvinz (Sphinctomyrmex,
Zasphinctus, Euphinctus and Doiyhina (Leptanilloides).?

T Apparently none of the taxonomists has noticed that the ants are
peculiar in possessing a pair of large giands in the posterior portion of
the thorax (see Janet, 1898t). They appear to be present in all the
species and all the castes and open near the insertions of the hind coxa.
In some ants, e.g., the East Indian species of Crematogaster of the
subgenus Physocrema, the chambers and tissues of these glands are
5o large that the whole metathorax is conspicuously swollen. I have
been unable to detect any distinct traces of the structures in question
in other Aculeates or in the lower sub-orlers of Hymennptera. Before
their taxonomic significance can be appreciated 1t will be necessary
to make a comprehensive, comparative investigation, with surface

preparations and sections of the metasternal region 1o the various
Hymenopterous families.
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It is interesting to note that this verv family Tiphiida
has affinities in structures and habits with the Bethylida,
considered in a former lecture. Probably all three
convergent groups, the Bethvlide, Tiphiide and Formi-
cide, had a common origin among extinct forms, which
may be conceived to have resembled the existing
Bethylids in habits. They probably hunted insect
prev, paralysed and carried it into their burrows and
laid their eggs on it, the mother insect remaining with
her voung till they had matured. From such a sub-
social stage we might pass rather easily to the socal
stage now existing among all ants by assuming that the
emerging daughters became attached to their mother
and brought their prey into the maternal burrow.
Eventually a physiological division of labour gradually
developed among the associated individuals through
the colonyv-founding female leamning to feed her first
brood with her saliva or eggs instead of with prey while
her daughters became stenle nurses of her subsequent
broods. We may assume also that these ancient
Bethyloid or Tiphioid ant-ancestors had both winged
and wingless females like Scleroderrna (see p. 62).
This assumption would furnish the necessary starting
point for the three forms of females, fertile and winged,
fertile and apterous, and sterile and apterous (workers)
which we find among existing ants and thus avoid Emery's
inherently improbable denvation of alate from apterous
females through inheritance of wings from the males.
The present aptery of the females of Mutillida, Thynnida,
etc.,, might alio be traced to the female dimorphism
of remote Bethvloid ancestors, but we should have to
assume that mn them no advance occurred in behaviour
pattern even to a sub-social stage like that of Sclero-
derma. Perhaps the only result of this discussion, which,
I fear, has been puched to the point of ennui, is that the
Formicida bear much the same phvlogenetic relations to
the lowermost families of Aculeata, and especially to the
Tiphiide and Bethvlide, that the social Vespids bear to
the Eumenina and the bees to the family Sphecide.



114 THE SOCIAL INSECTS

Our perspective of the remote origin of the Formicida
as suggested by their morphology and that of other
families of Heterogyna is deepened when we come to
consult the fossil record. Here we are on somewhat
safer ground than in the paleographic study of the other
Aculeate families, because ants are the most abundant
insects in the Tertiaryv formations. We can trace
them as far back as the Eocene, but from this period few
specimens are known. The number from the Oligocene
and Miocene, however, is considerable, and although
the described species of Formicide are less pnumerous
than the total number of species of the other Hymen-
opterous families the specimens are so much more
abundant that our knowledge of the individual forms
is decidedly more satisfactory. Thus up to the present
time 11,711 ants, representing only ninety-three species,
have been examined from the Baltic amber (Fig. 28).
Of these 1461 were studied by Mayr (1868), 6go by
Ermest André (1893), and g,560 by myvself (1914).
Much uninvestigated material from other formations
has been accumulated in museums. Many years ago
several American museums loaned me for study some
8,000 ants from the Miocene shales of Floriszant, Colorado,
but incessant pressure of other work has prevented me
from making even a sati-factory generic determination
of the specimens. One of my students, Mr. F. M.
Carpenter, is now monographing them with my assistance.
Nearly eighty vears ago Heer (1849) described a number
of similarly preserved fos:il ants, al-o of Miocene age,
from the shales of Oeningen, in Baden and Radoboj,
in Croatia, but his generic allocatinns are so dubious
as to be useless. Fortunately a number of his specimens
were later re-examined and reinterpreted by the cele-
brated myrmecologist, Gustav Mayr (1867). A small
but extremelv intere-ting series of species was described
in 1891 by Emery from the Sicilian amber of Middle
Miocene age (Fig. 27). More recently Cockerell (1915,
19204) and Donisthorpe (1920) have described several
species from the Eocene and Middle Oligocene of England.
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In his monumental work on - =~ "qsects, ! ch
(1908) listed nearly 300 speci-. .. __rtiarv B |
fail to find among them and the species - cribed

more than 169 with adequate generic deicrminations,
and this is probably a too liberal estimate.

Confining ourselves first to the European Tertiary
we find that only two species are known from the
Eocene (Bagshot Beds of Bournemouth). They were
described by Cockerell (1920) as Formica heteroptera

and Ecophylla bartomiana, both from a: ‘vings.*
Although the specimens are undouh'- al ant
wings, they are inadequate for ge:. -ation.
All we can say in regard to them is that tru: -o-
bably belonging to the most highl =~~~ - ly
Formicina, lived during Eocene W
England. For the sake of the utmost brevity I have
condensed the available data -— -* - ™ --ene, Oligocene
and Miocene ants of Europe : on page 116,

You will notice that the 169 species belong to fifty-four
genera, twenty-seven or half of which are extinct’
whereas the remaining half are almost equally divided
between extant genera now mprmted by species in

Europe and other oc- : “ich are at
present confined to .. ____. ___ .. . - To the
latter also many of the extinct genera ar: The
table shows these facts mc - ©over
Oligocene (Baltic amber), whi... .. ... N .
from which many ants have been « This

is largely due, no doubt, to the great number and
very beautiful presem-stinn of the <rrimanc, The

highest number of I ralian g 'wn in
the Sicilian amber (Middie Miocepe), in which of the
sixteen species rrr-orcmting dnnetonn ~aecon o eight are
Indoaustralian, c: three now

represented in Europe and other regions. Unfortunately

! Cockerell comnares the F. heferodtera wing with that of Colobodsis
stricta Jerdon o ' cannot I
bopsis, like all t: mponotus.
cell which is prescat ia the foskl specimen.
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ants and other insects are not nearly so abundant in the
Sicilian as in the Baltic amber.

Apart from the Miocene of Florissant, to which 1
have already alluded, the North American Tertiary
formations have yielded very few ants. Scudder (1890)
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Total .. .. . 169 54 27 | 15 12

referred four species from the Oligocene of Quesnel,
British Columbia to the well-known modern genera
Aphaenogaster, Myrmica, Dolichoderus and Formica,
and Cockerell (1goba) has described a Ponera hendersoni
from Florissant, but the perusal of the descriptions and
study of the figures leaves me very doubtful in regard
to the generic identification of all these insects. Six
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species have been recorded from the Eocene and are of
peculiar interest because, with the exception of the two
from Bournemouth, England, they are the oldest
known ants. Three of them were described by Scudder,
namely Camponotus veius and Liometopum pingue from
the White River Eocene of Colorado and Lassus ferreus
from the Green River Eocene of Wyoming. I regard
the generic identifications as very doubtful. The other
three species, recently described by Cockerell (1g21a,
1923a, 1923b), are Eoformica eocenica and Archimyrmex
rostratus from the Green River formation and Formica
eoptera from the Upper Eocene (Jackson) of Texas.
Eoformica and Archimyrmex are described as extinct
genera. The former, which Cockerell believes may
possibly be identical with Scudder’s Liometopum pingue
is certainly not related to Formica or Liometopum,
Cockerell’s restoration of the head as seen from the front
cannot be harmonized, at least so far as the eyes and
ocelli are concerned, with the profile head on his photo-
graph of the fossil. All that can be said from examina-
tion of the figure is that the specimen is a male, possibly
of some Formicine. Cockerell believes it to be related
to (Ecophylla but this is very questionable. He also
believes that his Archimyrmex rostratus is a Ponerine
near Prionomyrmex (Fig. 28) of the Baltic amber and
the living Myrmecia of Australia, but to judge from the
ficure the specimen is more probably a MyTmicine.
This is suggested by the shape of the petiole, the blunt
or broken (?) spine on the epinotum and the shape of the
head. which is unlike that of the existing Ponerina.
Eoformica eocenica is described from a single beautifully
preserved anterior wing, which is-clearly that of an ant
and probably of a Formicine, but a generic identification
is impossible.

Although the precise generic position of the few known
ants from the Eocene, both European and North American,
is so uncertain, they are in no respect more primitive
or more generalized than the ants of the amber and
these are quite as highly specialized as our living forms
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All eight of the living subfamilies, with the exception
of the Doryline and Leptanillina are represented in the
amber fauna, and so far it has been quite unnecessary
to modify their definitions in order to accommodate any
of the Tertiary species. Not only were all the castes
as sharply differentiated among the amber as among
modem ants, but the workers of some genera (Pheidolo-
geton, Pseudolasius, Dimorphomyrmex) may have
already become pleo- or polymorphic. The larve and
pupa, too, which are occasionally preserved, are
precisely like those of living species. And as 1 wrote
in 1914, * there are also unmistakable indications that the
habits and instincts of the amber ants were nearly if
not quite as advanced as those of existing forms. That
many of them had learned to attend plant-lice and had
therefore become ‘' trophobiotic * is shown by a block
of amber in the Konigsberg Collection containing a
number of workers of Iridomyrmex goepperts together
with a lot of their aphid wards. That the amber ants
kept myrmecophiles in their nests can scarcely be
doubted, since at least three genera of Pausside (Cerap-
terus, Pleuropterus and an undescribed genus) are cited
by Klebs (1910) in his list of amber Coleoptera (see also
Wasmann, 1919). That these ants also had Acarine
parasites is shown by two workers of Lasius schieffer-
deckers in the Konigsberg Collection, each bearing a
mite attached to the base of one of the hind tibia
(Wheeler, 1914). These specimens also show that the
mites had already acquired the peculiar habit of affixing
themselves to very definite regions of their host’s
integument . The Baltic amber is, indeed, so much
like the living fauna that no myrtmecologist would be
surprised to find any of the extinct genera actually
living to-day in the forests of the East Indies or Australia,
or to find any of the quaint and archaic genera of these
regions in the amber. This has, in fact, happened in
two instances. Gesomyrmex was described by Mayr
as an extinct genus in 1568, but vears later Emest André
(1892) described a living species (G. chaperi) from
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Bomeo, and I have recorded another from Southem
China (1g218). Emest André also first described the
genus Dimorphomyrmex from Bomeo and in 1905
Emery found a species of it in the amber. I have since
detected a second species in the same formation (1914)
and another living in the Philippines (1916).*

Before discussing certain points in connection with the
present geographical distribution of ants, attention should
be called to some of their general peculiarities which
no one seems to have emphasized sufficiently. We have
seen that the Formicidz are one of a series of closely
related families, the Heterogyna, many of which are so
exquisitely terrestrial in their habits that their females
have completely lost their wings. These families as a

I It would hardly be necessary to point out that no conclusions
based on the absence of certain genera in the amber or other geological
formations can be of any use 1 speculauions on the geographical
distribution of particular genera at the present time. were it not
that zoogeographers are conunually overiooking so obvious a truism.
Extremely precious as are all posstrve paieoctological data, asseruons
in regard to the absewze of particular forms in vanous parts of the
world dunng geological time are utterly worthiess. Nowhere 18
the truth of this statement more cleariv iilustrated than among fossil
insects and especially among the fossu ants. The very nature of the
formations in which the fossiis occur must bave preciuded the pre-
servation of large and signicant poruions of the {auna. Thus the
amber has entrapped only smail. weak msects and among ants mostly
arboreal species or such as occasionally foraged on trees. Hence we
find comparatively few fossil Mymmicin#®, Cerapachvinz and Ponermna
which are mostly terricolous, and very numerpus Dolichodennz and
Formicin@, which either live 1n trees or are fond of visiing aphids,
coccids, etc., on their foliage. The complete absence of the two
subiam:lies Dorviine and Leptaniilin® from the amber may be
explained 1n the same way, since most of the modern species of the
former and all the moalern species of the latter are subterranean,
or hypogaic. Of course, it is also conceivable that these subiamilies
may not have been represented in the amber forests. The selecuive
action of the environment 1s shown even better in the case of the
Miocene fossis of Flomssant. Oerungen and Radoboj. Nearly all of
them. unlike the amber 1nciusions, are males and winged or recently
dealated females. and the geclogical evidence shows that the shales
in which thev occur were deposited 1n shallow lakes into which the
male and female ants dropped while descending from thewr marmnage
flights and into which the workers very rarcly happened to be swept
by freshets. Failure to see this verv obvious expianation led an
eminent American geologist. Joseph Leconte 11884}, to 1afer that the
socizl habits, instincts and worker caste had been developed in the
Formicide siace the Miocene epoch. aithough even a hasty glance at
the older Oligocene ants of the Baltic amber would bave convinced hum
of the contrary (Fig. 28).
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whole are very dependent on soil (edaphic) and climatic
conditions and nearly all of them may be described as
decidedly thermophilous. That this is not true of the
Hymenoptera in general is shown in the following table
from Handlirsch (19135), in which the numbers of species
of several of the larger families of the three sub-orders
in the temperate, subtropical and tropical zones are
recorded :—

R

FaumIries. § E" :i g

f -

: = w =
2 :JD Pamphiliidze, Cephidz " 179 119 - I
Eé Tenthredinidza .. .. 1,064 752 . 817

Ichneumonida, Braconida, ’

o Chalcidide, etc. .. -+ 17,011 1 2,053 6,644
g Cymipide .. .- .. 1,181 ' 333 182
E Evaniide (includ. Aulacide) 168 1 147 502
Stephanida, Pelecinide .. 10 8 106
Sapygidae . .- .. 34 I4 5
Scoliida . e ... 148 . 274 592
*:'; Mutillide .. . .. 38 493 1,516
;§ | Formicide .. .. .. 458 597 2,388
Sphecide .. .. .. 1,489 1461 2,243
Vespide .. .- ... 468 ’ 591 1,763

It will be observed that the Phytophaga abound in
the temperate zone but decrease in numbers towards
the tropics, that some families of Terebrantia show
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the same peculiarity while an increase towards the
tropics is shown in others and that the Aculeata, with
the single exception of the Sapygida, have a similarly
pronounced thermophily most conspicuous in the
Formicida and the allied Scoliide and Mutillidze, which
are evidently here taken sensu latiore. The Vespidae
show nearly as great a thermophily as the other Vespoids.
Had the bees been included in the table we should
observe a maximum development in the subtropical
zones. We may conclude, therefore, that the Hetero-
gyna as a whole are a strongly thermophilous group
of Aculeates.

It might be interesting to construct another table
to show the degrees of xerophily in the Aculeata, but
it would be more difficult. The great majority of species
of many of the families of Heterogyna, notably of the
Mutilide, Apterogynidz, Thynnide, Plumanide,
Methocida, Myrmoside and Fedschenkiidz, undoubtedly
prefer a dry environment. All of these groups therefore
abound in and some of them are confined to deserts.
The xerophily of the Formicida is less obvious because
it is overlaid by certain other tendencies. While it
is true that the species of ants are very numerous in the
humid tropics of both hemispheres, it is also true that
individual ants are almost as abundant in deserts, such
regions as the sandy pine-barrens of New Jersey and other
places which support a more or less xerophytic vegeta-
tion. They are, moreover, poorly represented by species
and individuals 4n cool, damp regions like New Zealand,
Southern Chile and Patagonia, Northern Europe and
the Selkirk Mountains of British America. The fact
that the great majority of ants gest in the ground shows
that the family was originally ternicolous, and this
habitat makes it necessary for them to avoid all soils
which are not welldrained. Hence their scarcity in
wet meadows and swamps and their predilection for hill
and mountain slopes, especially those facing east and
south in the northern, and north and east in the
southern hemisphere. In the rainy portions of the
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tropics, where we find several large arboricolous generza,
they have obviously taken to nesting in or on the trees to
avoid the excessive and deleterious dampness of the soil.
But even in these regions, as I have observed in Central
America and elsewhere in the humid tropics, the tern-
colous ants greatly prefer slopes or the soil under stones
or logs or decomposing wood which absorbs little rain-
water.

I have dwelt on these facts because they seem to me
to point definitely to a deep-seated xerophily in the ants
and to their very probable origin, together with the
Scoliids, Mutillids, Thynnids, etc., on the dry interior
continental plains and plateaux during the Mesozoic,
in the very regions, in fact, which some botanists believe
to have been the places of origin of the Angiosperms.
It may be noted in this connection that even the amber
forests, in which ants must have been extremely abundant,
were probably rather xerophytic. The amber itself
was produced by a species of pine, and the quantities of
stellate hairs scattered through the pieces of fossil resin
show that oaks were abundant. In fact, the flora of
the Samland must have been somewhat like that of the
New Jersey pine-barrens, but with a greater admixture
of tropical elements.” That the region was mountainous
was ingeniously shown by Ulmer (1g912) in his monograph
on the caddice-flies (Tricheptera) of the Baltic amber.
He found that of the thirty recent gemera of these
insects represented in the fossil resin, the larva of 13 per
cent. must have lived in strongly agitated water, 8§ per
cent. in standing water and 4 per cent. in slowly flowing
streams, and he concludes that fully thirty-five genera
with seventy-three species known only from the amber,
passed their larval life in torrents, that seven genera
with fourteen species livedin quiet water and that seven
genera with seven species were probably indifferent
to their aqueous habitat. Of existing continental areas
Australia seems to me to present conditions most

T For an excellent general account of the amber fauna and flora,
see Berry (1y27).
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like those among which I conceive the Mesozoic ants
to have evolved. This continent has a more or less
xerophytic vegetation, except in the extreme north
where there is a considerable admixture of Papuan
faunal and floral immigrants. The great development
of the Thynnide in Australia is also significant in this
connection.

We may conclude, therefore, that the ants are primi-
tively a terricolous and thermophilous family of insects
which arose in and still prefer a fairly dry environment.
From this condition we can trace three lines of adaptive
radiation and specialization. A number of genera in
all the sub-families, except the Pseudomyrminz and
Dolichoderinz, have abandoned life on the surface of
the soil and have become subterranean, or hypogaic.
Others have increased their native tolerance of drought
and have become deserticolous, and it is interesting
to note that this category comprises several primitive
genera, especially among the Myrmicin®z (Messor,
Novomessor, Veromessor, Pogonmoyrmex). A number
of genera and subgenera, finally, in regions of great
rainfall have become arboricolous. It is noteworthy
that this last category is almost exclusively represented
by the most specialized genera of the four highest sub-
families, the Myvrmicinz, Pseudomyrmina, Dolichoderina,
and Formicinz, and has no representatives among the
Dorvlinz and Leptanillinz and very few (e.g., Neoponera)
among the Ponertna. Furthermore, even such exquisitely
arboricolous genera as Pseudomyrma and Cremato-
gaster contain some terricolous forms. Psewdomyrma
elegans, e.g., as was shown by Forel, always nests in the
ground, and there are many Crematogasters that nest
in rather dry soil in North Amenca, Australia and
elsewhere

If myv conclusions are correct, Emery (1920) must be
mistaken in his interpretation of the sequence of habitats
in the Formicine section Eucamponotini, a group
embracing the genus Camponotus, with more than 1,000
described species, sub-species and varieties and several



124 THE SOCIAL INSECTS

allied genera. His views are graphically represented in
the following phylogenetic diagram :—
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All the arboricolous groups cited by Emery in this
diagram occur in Austral’a. except Gesomyrmex, which
is Indomalayan, and Gigantiops, which is neotropical
Now Gigantiops, as I have shown (19225), is not arboreal.
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In Britich Guiana I found it nesting in old logs on the
ground and Dr. W. M. Mann informs me that he has taken
it under stones in Bolivia. Gesomyrmex, too, is probably
terricolous. The types of G. howardi were sent to me
mingled with a lot of well-known soil-inhabiting ants.
According to my observations at least some of the species
of Opisthopsis and Calomvrmex nest in the earth. Of
the various subgenera of Polyrhachis all the Australian
species of Campomyrma, Hagiomyrma and Chariomyrma
are terricolous and moreover, like Calomyrmex, distinctly
xerophilous. In Africa certain members of the sub-
genus Myrma are terricolous and the same is probably
true of some of its East Indian species. Nothing is
known of the habits of Echinopla, but it is probably
arboricolous. This genus, (Ecophylla, Dendromyrmex,
and some subgenera of Camponotus and Polyrhachis
therefore alone belong wholly below the dotted line in
Emery’s diagram. And when we confine our attention
to Camponotus we find that the terricolous subgenera,
Tanamyrmex (=Myrmoturba), Dinomyrmex, Myrmoser-
icus, etc., are obviously much more primitive than the
sub-genera Myrmorhachis, Colobopsis and its allies, etc.,
which have the head and mandibles of the queen and
soldier more or less specialized for living in wood.
Here again it will be noticed that Tanzmyrmex,
which embraces a considerable number of species, sub-
species, and varieties, is highly xerophilous, since most
of its forms are confined to somewhat arid or desert
regions. In North America Tanamyrmex occurs only
in the drier portions of the South-Western and Western
States. The evolution of the Eucamponotini, therefore,
in my opinion, has been just the reverse of the one
outlined by Emery. I regard as equally fallacious his
contention that the ancestral ants which gave rise to
(Ecophyvlla, Camponotus and Polyrhachis had the habit
of employing their larvae to spin leaves and detritus
together in making the nest. This habit, now so well-
known in (Ecophylla, occurs only in two among several
hundred Neotropical species of Camponotus and in
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certain subgenera of the paleotropical genus Poly-
rhachis (Cyrtomyrma, Myrmhopla), and there is nothing
to indicate that it may not have been acquired independ-
ently in all three genera long after they had become
arboreal.

The existence as early as the Lower Oligocene of a
large and remarkably diverse series of genera, many
of which, representing nearly all the modem sub-
families of Formicide, are still extant and even comprise
species like Formica flori and Lasius schieffedeckers,
practically identical with the common F. fusca and L.
niger of Eurasia and North America, indicates that the
ant fauna of to-day, even in the tropics, may have
declined in the number of genera and species since the
beginning of the Tertiary. Certainly there is no evidence
of any progressive evolution throughout the Canozoic
Era. We must therefore assume that both the origin
and the early and significant development of the family
occurred before the Tertiary. But this development
owing to the absence of any fossil record, is a matter
of mere conjecture. In regard to the period of origin
of the Formicide, Handlirsch (1908) and Emery (1920)
differ. According to the former, “we must adhere
to the opinion that the focus of evolution (* Entwick-
lungsherd ’) of the whole familv Formicide (in the broad
sense) is to be sought on the early Tertiary or Upper
Cretaceous landmasses of Eurasia and that the forms
which there originated reached North America over the
Eastern and Western land connections of the northern
hemisphere and migrated southward from North
America as well as from Europe and Asia”. Emery
conceives a more remote Mesozoic origin of the family,
believing that the Ponerinz go back at least as far as
the Lower Cretaceous, the Dorylin® to precretaceous
times, and the family perhaps to the end of the Jurassic.
In my opinion even this estimate may be too moderate.
From what has been said of the thermoxerophily of the
Formicide it is more probable that thev arose in the
Triassic, if not in the late Permian, which, according



THE EVOLUTION OF ANTS 127

to paleometeorologists (Schuchert, 1914, Huntington
(1914), and others), were periods of high temperature and
great aridity. The terrestrial habits and the very
intimate and plastic relations of the ants to their larve
and pupa, as contrasted with the more recently evolved
social wasps and bees, seem to point to an origin under
rather arid conditions such as are supposed to have
existed over the great continental masses during the
Triassic and early Jurassic. The arboreal adaptations
of certain genera might then be conceived to have arisen
during the Cretaceous, a period of continuing high
temperature but of greater humidity like that of the
tropical rain-forests of to-day.

If we postulate so remote a geological past for the
Formicidz, they would have had plenty of time to acquire
not only great gemeric and specific diversity, but also
a cosmopolitan distribution before the beginning of the
Tertiary. Many problems suggested by the present
geographical distribution of the genera would then assume
a different aspect. These problems have given rise
to much controversy and cannot here be counsidered in
detail. Emery, apparently influenced by H. wvon
Ihering and Scharfif, has made considerable use of hypo-
thetical transatlantic and antarctic intercontinental
landbridges to account for the genera now represented
only in South America, South Africa, Australia and New
Zealand, whereas Handlirsch (1913¢) and I (1017) are
inclined to adopt the older view of a circumpolar and
probably Eurasian origin of the Formicide and their
migration over the well-established Behring Sea land
connection and southward in both hemispheres as a
satisfactory explanation of the present distribution of
such ‘“‘relict” genera. The latter contention is sup-
ported by Handlirsch’s elaborate statistics of the present
distnbution of 16,100 genera and 180,000 species of
insects, which show that the evidence for the existence,
at least during the Tertiary, of the various landbridges
postulated by von Thering, Scharfl, Emery and others,
is really extremely meagre. Handlirsch shows, moreover,
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that in a map of the world including only the more
important of the Tertiary landbridges assumed by the
analytical school of zodgeographers, the oceans are
reduced to a few small lagoons. This would necessitate
an entirely different present and past distribution of
marine organisms from that actually obtaining, and the
tropical faunas of all the continents and islands would
be homogeneous and therefore far from exhibiting the
enormous divergencies that now prevail

The study of our Nearctic fauna naturally predisposes
American naturalists to defend the hypothesis of a
boreal origin of organisms and their southward migration
to other parts of the world without the aid of other
landbridges than those between Alacka and Eastern
Asia and between Eastern North America and Europe.
At the present time the most emphatic champion of
this view and opponent of the bridge-builders is Dr.
W. D. Matthew (1g15), a well-known authority on fossil
and living Mammalia. But even in Australia, where
there has been much advocacy of antarctic landbridges,
the tide of opinion seems to be changing. if we may judge
from a recent valuable paper by Longman (1923)
who finds little support for the contentions of Hedley,
Haswell, and others.*

In last resort, of course, the geologists of the future
will decided whether the landbridges of the earlier
geologists and the zodgeographers of the von Ihering
school have really existed. If we may judge from such
recent very interesting work as that of Kober (1gzr)
on the structure of the lithosphere, there is no geological
evidence for the existence either of the bridges constructed

! Kolbe (19r3) and I have been taken to task by Emery for regarding
the insect fauna fincluding the ants) of Australia as essentially
Mesozoic. While it is well known that this fauna comprises also a
certain number of Papuan and East Indian elements, there is no proof
that they did not enter Australia before Tertiary times. Schuchert
(1616) says: ' We must, therefore, conclude that Australia has been
an sland continent at l[east since late Eocene times, for it is since
then that the placental mammals have eisewhere dominated all other
land life . And Longmans gives good reasons for assuming that the
Marsupials have had a long and peculiarly local pretertiary evolution
in Australia.
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by von Ihering for the Tertiary or of similar intercon-
tinental landmasses during the Mesozoic. Kober
concludes * that without any doubt the six large con-
tinental masses, namely North America, Eurasia, South
America, Africa, Indoaustralia and Antarctica have
existed permanently since the Mesozoic”. And the
same conclusion may be drawn from his condensed
description (p. 283-284) of the continents during the
Mesozoic. He does, however, assume the existence of
two ‘ hypothetical” land-masses in the Padfic, one
with its present centrein Hawaii and one in the Southern
Hemisphere, but both are small and very far from con-
stituting land-bridges. Such connections become quite
unnecessary on the very different theory of the dis-
placement of the continents during geological time
as advocated by F. B. Taylor (1910), Wegener (1924),
and Daly (1926). Wegener conceives the continents
to have formed a single landmass as late as the Upper
Carboniferous, and to have begun to move away from
one another by the Eocene. Were it possible to accept
this theory, the difficulties we encounter in explaining
the present geographical distribution of many organisms,
such as the Formicda, would vanish.



VI
THE EVOLUTION OF TERMITES

ONE of the most striking peculiarities of the wvarious
groups of social wasps, social bees and ants surveyed
in the preceding lectures is the constant recurrence
in all of them of the same general behaviour pattern or
motif, with modifications depending on the character of
the food and other environmental exigencies. This
recurrence, no doubt, is partly due to morphological
and ethological similarities among the immediate solitary
ancestors of these insects and partly to the more remote
common ancestry of all of them. As we have seen, all
the social Aculeates are derived from solitary Sphecoids
and Vespoids and I have attempted to trace both groups
back to hypothetical extinct Bethyloids, the putative
primitive stock of the whole Aculeate suborder. The
noticeable fact that the social bees, though of Sphecoid
ancestry, are nevertheless in many respects more like
the social Vespide than are the Vespoid Formicida,
is probably due to the longer and more eventful evolution
of the latter.

What may be called the solitary inheritance or endow-
ment of the social Aculeates quite obviously underlies
the characters, both structural and behaviouristic,
that have been more recently acquired as the result
of social life. The fundamental solitary traits most
deserving of emphasis are the following :—

(r) The pronounced sexual dimorphism, which, as
among the Terebrantia, is even more con-
spicuous in the behaviour than in the
structure of the Aculeates. The complicated
instinct patterns are exhibited only by the

10
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female and the male is reduced to a mere
fecundating agency. Owmg to the per-
fection of the female spermatheca, which
enables her to store and keep alive the
sperm of the male for a considerable period
of time, she becomes, as it were, a bisexual
or hermaphroditic being in complete func-
tional control of reproduction. She alone,
therefore, is subjected to the full incidence
of environmental stimuli and in her reactions
to them is able to advance along the path
of progressive specialization or adaptation
as far as the plasticity of her constitution
will permit. The male, apart from rather
shight specific modifications, is condemned
to stability of structure and monotony
of behaviour. He is, therefore, the conserva-
tive sex, the sexus sequior.

(2) The storing for the offspring of insect or vegetable
food by the solitary Vespoids and Sphecoids.
This may be regarded as a prospective or
potential social activity simce it implies
the conditions for social development in a
potential, or implicit sense and since the
society may become actual, or explicit as
soon as the spatial requisite, i.e., the co-
existence of the parent with the adult off-
Spring, supervenes.

(3) The nest, ranging from a simple burrow in the
soil or pre-existing cavity to cells carefully
constructed of earth or vegetable materials.

(4) The development of~ defence (pugnacious)
reactions on the part of the mother insect.
These have risen very naturally from the
predatory activities of the primitive Bethy-
loid ancestors and the transformation of the
ovipositor into a sting. Even some Tere-
brants (Ichneumonids) sting when handled.
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The solitary Aculeates also use their mandibles
for defence, these organs having gradually
become more efficient as the result of their
employment in seizing and carrying the prey,
excavating the burrow, etc. At first they
are used in conjunction with, but eventually
supersede the sting as the main organs of
defence, as Roubaud (x918) has shown.

The more significant modifications and additions that
supervene in social behaviour as a result of the actual
contact of the mother Aculeate with her offspring, of
their association with her and with one another and the
consequent physiological division of labour, are the
following :

(r) The differentiation of the female into two castes,
a fertile (queen) and a sterile (worker) form
or phase. The queen therefore departs still
further from the stationary, conservative
male in increased longevity and stature and
in structural meodification. Her fecundity
is also greatly increased beyond that of the
solitary female, while the worker, especially
in the ants, tends to depart further from
the queen and to become dimorphic in turn
as soon as its primitive combined nutritive
and protective functions become dissociated
(workers proper and soldiers),

(2) The consociation of individuals to form the
colony leads to the development of various
methods of communication of stimuli and
distribution of food or secretions (trophall-
axis.)

(3) The collecting, storing and utilization of the
food become communistic.

(4) The nest, now the combined and co-ordinated
work of the community, becomes much
larger, more elaborate and more permanent.
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(5) The protective and defensive functions, too, now
assumed by the whole of the worker caste or
of a peculiarly specialized portion of it
(soldier caste), become much more efficient
and more formidable.

It should be noticed that with the advent of social
life, behaviour necessarily becomes mnot only more
intricate but also accumulative. This is an important
matter. Auguste Comte long ago and De Grange (1923)
more recently and more clearly have shown that a society
is best defined as an accumulating collectivity. Of
course, these sociologists, and others who have held
similar views, were thinking primarily of human society
which is manifestly and essentially characterized by
an extraordinary accumulation of objects, thoughts
and acts and all that they imply—mores, institutions,
languages, imventions, capital, art, science, etc. In
his book entitled ** The Manhood of Humanity ", Count
Korzybsky (1921) has also emphasized the accumulative
aspects of human society under the term *“ time binding ™.
He regards it as an exclusively human activity, but as
De Grange shows in several passages, it is really a
peculiarity of all true societies, whether animal or human.
The social Aculeates reveal the accumulations very
clearly, though they are, of course, very primitive and
rudimental compared with those of man and very
largely confined to the sphere of the so-called instincts
and the results of their operation. But this must have
been true also of the earliest stages of human society.
On the maternial plane savage communities are stiil far
from attaining to a stage as economically accumulative as
that of the hive-bee or the higher ants and termites.

During their transition from the solitary to the social
stage, there was one peculiarity which the Aculeates
seem to have been unable to modify, and that was the
status of the male. In all their societies this sex takes
no part in the accumulative or social behaviour as
such but is left in essentially the same stage as among
the solitary ancestors. I say “ essentially ”’, because
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among certain social bees and wasps, he does seem to be
slightly socialized, at least to the extent of possessing a
feeling of belonging to the hive or nest and of returning
to it after foraging or flying about in search of virgin
females. But even this spark of sociability is lacking
in the males of most Formicide although they may be
treated with solicitude by the worker personnel. Thus
when the nest of Lobopelia elomgata is disturbed, the
males are seized and carried away by the workers. At
such times the males assume a rigidly immobile attitude,
with their appendages and wings folded in the pupal
posture, and are carried under the bodies of the workers
in precisely the same manner as the larve and cocoons.
But, as a rule, in all social Aculeates the males, though
often produced in considerable numbers, are merely
tolerated for a time as so many parasites on the coiony.
Being necessary for fecundation, however, they cannot
be regarded as good-for-nothings.

We are not justified, of course, in making the anthropo-
morphic statement that the social Aculeates committed
a blunder in not completely socializing the male as well
as the female. Even from our human point of view
it does not seem probable that such a social employment
of the male would have increased the efficiency of the
societies of bees, wasps and ants. This is suggested by
the termites, which actually accomplished what the
Aculeates could not or at any rate did not accomplish,
since the various morphological specializations, and
activities (division of labour) In termite colonies have
been taken over equally by the individuals of both
sexes. To this extent they seem to us to be more per-
fectly social insects than the social Aculeates, and yet
I doubt whether any one of us, if given the choice in some
future metempsychosis of becoming either an ant or a
termite, would choose the latter.

It must be admitted that on superficial examination
the termities exhibit striking resemblances to the social
Aculeates and especially to the ants. Like the Formicid,
they are all socal and there is a very pronounced
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polymorphism among the individuals of the colony (Fig.
35), some being wingless and behaving like the workers
and soldiers of ants. There is typically a single mother
queen and although she is accompanied by a king, both
lose their wings before establishing the colony and aftexr
a dispersion flight which resembles the nuptial flight of
the ants. Even the foraging, seed-storing and fungus-
growing habits of certain ants are paralleled by (he
higher termites (Fig. 36). But though very interesting
and suggestive these and several other less conspicuous
resemblances are merely convergent, or parallel
developments. When we come to study the termites
more closely we find a number of fundamental idio-
syncrasies, one of the most significant of which is the
above-mentioned bisexual composition of the colony
as a whole.

The termites constitute an independent order, the
Isoptera of Brullé. Owing to the fact that they are
nearly all tropical insects and do not make attractive
cabinet specimens, they were much neglected by entomo-
logists till the beginning of the present century. Since
that time, however, they have attracted a number of
careful investigators so that we are now in possession
of a mass of literature on their anatomy, behaviour and
taxonomy. More general works are also beginning to
appear, such as the treatises of Holmgren (190g9-1913),
Escherich (xgog9, 1911), Snyder and Banks (1gzo) and
Hegh (1922), which contain such an amount of informa-
tion that 1 refrain from attempting to compress a synopsis
of even the most important data into this lecture.
Hegh's very recent comprehensive and profusely illus-
trated volume, ‘“ Les Termites,” Part I, furnishes just
the reading Ishould desire for the student who is interested
in this course. As in previous lectures, I shall confine
myself to a discussion of certain evolutionary problems.

Down to the present time somewhat more than 1200
species of Termites have been described mostly from
the warmest portions of the tropics and more than one-
third of them from the Ethiopian Region, ie., from
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Africa South of the Sahara. In North America we
have some thirty-four species, only one or two of which
extend to the Northern boundary of the United States and
into British America. Europe seems to have only two
species, which are confined to Central and Southern
France and the Mediterranean littoral." At present the
delimitation of the main groups and their names are
somewhat unsettled. Holmgren recognized three families,
which he called the Protermitide, Mesotermitida® and
Metatermitide.® They embrace respectively the most
primitive, moderately specialized and most highly
specialized forms, but, unfortunately, his family names
are invalid and bhave had to be abandoned because
there are no generic names corresponding to them.?
His Protermitida are now separated into two families,
the Mastotermitid® and Calotermitidz and Banks
and Snyder have united his Meso- and Metatermitida
in one family, the Termitide. If the separate rank of
Holmgren's two families is to be maintained, the
Mesotermitida would take the name * Rhinotermitida ',
while the term “ Termitide ** would be reserved for the
Metatermitide. To these Sjostedt (1gz5) has recently
added the Hodotermitid®, formerly included among
the Calotermitide. The Mastotermitidz and Caloter-
mitide, being the most primitive termites, will require
special consideration in connection with the phylogeny
of the Isoptera as a whole. In the preceding lecture I
failed to state that there is among the Formicide an

' Dr. Alfred Emerson has kindly ascertained for me the total number
of termites described to date from the various regions of the globe.
There are 123 genera and sub-genera comprising 1237 species.  Exclud-
ing those with overlapping distnbution and unknown habitat, the
species are distributed as follows: Ethiopian 452, Malagasy 38,
Indomalayan 272, Papuan 30, Australian 111, Palearctic 22, Nearctic
34, Neotropical 28z.

32 This was Holmgren’s classification as published in 1910 in the
" Zoologischer Anzeiger’’, where the Mastotermes group is treated
as a sub-family of Protermitid®. In his monograph {(rorr1! he accepted
Silvestri's view (1909) of the family rank of the Mastotermitida.

S There is a genus Protermes, but it belongs to Holmgren's
Metatermitide.
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obvious and significant increase in the size and poly-
‘morphism of the colony and the complexity of behavionr
’ as we pass from the primitive genera, especially among
the Ponerinae, to the more speaahzed genera of this and
the other sub-families. The same is in general true of
the termites, the colonies of the Mastotermitide and
Calotermitidz being usually smaller and less definitely
polymorphic than those of Termes and Eutermes, the
highest genera of the Termitidae.

The Mastotermitida are represented by a single living
species, Mastotermes darwimiensis, described by Froggatt
(18g6, 1905) from Northern Australia. The species
was based on the sexual forms which are three-quarters
of an inch long, but Froggatt also described the soldier
(1897) under the name Termes ervabundus. The colonies
are very populous and live in timber, without making a
true nest. They are often found in the woodwork of
houses and in such situations, like other termites, do
considerable damage. Desneux (19o4) and later
Silvestri (1gog) and Holmgren (1911) studied Mastotermes
very carefully and found it to be a wveritable synthetic
type of the greatest interest. Although it is certainly
a true termite it has nevertheless so many Blattoid
characters that there can be no doubt about its phylo-
genetic descent. Holmgren showed that it must be
derived from the Protoblattoidea, a group which, so far
as we can learn from the fossil record, became extinct
in the Permian and gave rise to two branches, one termin-
ating in the Blattoidea, or cockroaches, the other m
the Isoptera. The male and female Mastotermes have
a well-developed anal lobe to the hind-wing, a character
which has been lost in all other termites, the wing-
venation is like that of Protoblattoids, the tarsi are
distinctly five-jointed, the tibiz are spined, there is no
frontal gland and the female possesses three pairs of
distinct gonapophyses, in the form of an ovipositor
(Crampton 19z0). According to Silvestri, there is a
true soldier but no true worker caste. He describes a
worker-like form but regards it as a nymphal stage.
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Although Holmgren and Hill (1925) regard the latter form
as a true worker, the conditions in the Calotermitidae
would seem to support Silvestri’s interpretation. Holm-
gren and Jucci (1924) bave shown that the hypodermis
of Mastotermes has the same peculiar structure as in
Blattoids, and Jucci has found that the fat-body has
bacteriocytes containing symbiotic bacteria like those
described by Blochmann, myself and others in the
roaches. Cleveland (19236) and Jucci have also
shown that the hind gut of Mastotermes contains
infusoria like those occurring in all the other lower
groups of termites. Hill (1925) has recently described
the eggs of M. darwiniensis. Unlike those of all other
termites they are ‘ extruded in masses, each ocom-
prising sixteen to twenty-four eggs, cemented togethe:
laterally in two parallel rows ” (Fig. 29), a condition
strangely reminiscent of the arrangement of the eggs
in the obthecz of roaches.

The Calotermitide, which are somewhat more special-
ized than the Mastotermitide comprise a number of
genera, several of which form small colonies in rather
sound wood and make no true nests, Miss Thompson
(x919) has shown that their eggs are considerably larger
than those of the higher termites Termitidz). She
gives the following measurements for the ova of four of
the genera: Termopsis 1.3-1.7 mm.; Calotermes I.2-
1.4 mum.; Cryptotermes 1.2-1.3 mm.; Neotermes
1.6 mm. I shall consider verv briefly only the three
most primitive genera: Archotermopsis, Termopsis
and Calotermes.

Archotermopsis wroughtons, which is the sole living
representative of its genus and inhabits the North-Western
Himalavas at altitudes varying from 4,000 to 9,000 feet,
has been conscientiously studied by Imms (1919). The
fully developed colonies comprise besides the royal couple,
winged males and females, soldiers, worker-like forms
and various nymphal stages, but no true workers.
Eves are present in all the forms, though small in the
soldier. The eggs are few in number and of large size

bt
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(.95-.98 mm. long, .45-.5 mm. broad). “ The soldiers
rank among the largest known, and are chiefly remark-
able in that they exhibit well-defined external secondary
characters, a feature which has been lost in almost all
other Termites. The reproductive system exhibits no
indications of degeperation, or arrest of development
and is in a condition similar to that found in the winged
sexual forms, prior to swarming”. The tarsi of
Archotermopsis are five-jointed as im Mastotermes,
Termopsis and Hodotermes but in no other termites
and the styles and cerci are very long, the latter being
six to seven jointed. Imms calls attention to a number
of Blattoid traits in A. wroughtons, e.g., the structure
of the digestive and reproductive organs of both sexes,
the presence of caca in the midgut, not recorded for any
other termites, eight Malpighian wvessels (the number
in young roaches), the structure of the salivary glands,
salivary receptacles and the hypopharynx, the
resemblance of the vesicule seminales of the male to the
mushroom gland of roaches, the spines on the tibiz, etc.
Cutler (rg921) has called attention to the fact that the
intestinal Protozoa of Archotermopsis are of a more
primitive type than those inhabiting the intestines of
higher termites.*

The genus Termopsis is represented by three species
which are confined to the Pacific and North Western
States of North America. Two of the species, T.
angusticollis and nevadensis (Fig. 54), have been carefully

¥ “In all the protozoa examined from the gut of Avchotermopsis
wroughtoni the nuclear division is very different from that found in
related species. Further, in Divichomonas termnsis the nuclear division
and the locomotor complex is of a more primitive nature than that
described for other Trichomonads: a statement probably true for
Toenopsis polyiricha and Psewdotrichomympha pristma. It appears
that the protozoa to which .4rchotermopsis wrowghtoni is host are in
general more primitive than those inhabiting other species of termites.
Imms describes 4. ur. as ' one of the most primitive of living termites .
The association, therefore, of primitive parasites or " guests ', whichever
the case may be, with a primitive host is extremely interesting. and
1s suggestive that the two groups of organisms have remained associzted
together for a long period, neither having developed into more complex

species, as has occurred with other termites and their associated
protozoa "',
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studied by Heath (1902, 1907, 1927) who found that their
colonies may sometimes grow to a considerable size.'
There is no true worker caste and the soldiers may at
least occasionally become fertile and lay eggs which
give rise to viable offspring, though their later develop-
ment has not been followed. They often possess small
wing-vestiges like those of the fertile Archotermopsis,
figured by Imms and the soldiers of Calotermes occidentis
(vide infra). Miss Thompson (1922), who also studied
Termopsis, believed, on what now seems to be insufficient
evidence, that the soldiers are always infertile.
Calotermes has been investigated by Grassi and Sandias
(x893), Heath (1902), Jucci (1924) and others. The
genus, of which more than fifty species have been
described, is cosmopolitan and is represented even in
New Zealand and the Galapagos Islands. The colonies
are usually small and comprise the same castes as in
Termopsis and Archotermopsis. That the soldiers may
be fertile, at least occasionally, ts indicated by Grassi's
observations and by Snyder’s statement (1g24) that in
the most primitive and largest species, Calotermes
occidentis of Central America, the soldiers uniformly
have vestiges of wings. It will be noticed, therefore,
that the development of the soldier caste has preceded
the incidence of sterility. This was clearly seen by
Imms in Archotermopsis and the iertile Termopsis

' Heath's former estimates of colony growth in Termopsis were too
great. In his latest paper (1927) he sayvs: '* Royal pairs have been
found of such size and in burrows so spacious (that) at least one year’s
residence is indicated, and yet they were without ofispring. On the
other hand, other colonies, taken in the same general period {the fall
of the year) and in favourabie situations, compnsed as many as twenty
inhabitants., By the close of the second year, this number is doubled
in the case of T. mevadensis, averages upward of ome hundred the
third season, and increases to more than 400 by the end of the fourth
year. There are also six records of colonmies ranging in nomber of
andividuals from 736 to 1,120 ; these may be in their fifth year. Four
other colonies vary in number from 2,213 to 2,831, and may be in
their sixth year. A few other communities, close to the 3,500 mark
in number of inhabitants, have also been examined when the extent
of the burrows strongly suggests an occupancy of an even longer
period than six vears, although definite proof is lacking. All of these
communaities were headed by the original king and queen "'.
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soldiers found by Heath (Fig. 54b) and the normally
sub-apterous soldiers of Calolermes occidentss point
to the same conclusion. Probably a study of fresh
material of Mastotermes darwimiensis will show that
also in this most primitive of termites the soldiers are
always or at least occasionally fertile. In the African
Hodotermes and the Japanese Hodotermopsis, which
were formerly 2lso included among Calotermitids, a
worker as well as a soldier caste has been developed
and we therefore have the typical number of castes of
the Termitidze, or higher termites. In the Ilatter,
however, the soldiers and workers are always sterile
and in Termes even complemental royal forms seemn not
to be developed.

When we turn to the paleography of the termites we
find that they are recorded from nearly all the Tertiary
formations in which ants have been preserved but
that they are still unknown from the Mesozoic. Hand-
lirsch (1908) cites quite a number of fossil species.
More recently von Rosen (x9r3a) and Snyder (1925) have
published revisions of the knmown forms with wvery
illuminating results. Nearly all the species from the
Eocene, Oligocene and Miocene of Europe and North
America prove to belong to the primitive genera we
have been considering, namely Mastotermes, Archo-
termopsis, Termopsis and Calotermes and to closely
allied extinct genera. Thus the only termite recorded
from the European Eoceme is Mastolermes bourne-
mouthensis, from Bournemouth, England. Two other
species, anglicus and batkers, are described from the Middle
Oligocene of the Isle of Wight and one, M. croaticus,
is recorded from the Miocene of Radoboj. Von Rosen
also interprets Scudder’s Estermes fossarum, from the
Miocene of Colorado, as being in all probability a Masto-
termes. Some time ago, Prof. E. W. Berry showed me
a drawing of a beautifully preserved Mastotermes wing
which he had found in the Lower Eocene of Tennessee,
and which has since been described by Collins (1925)
as M. wheeleri. All this is very interesting because it
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shows that Mastotermes, now represented by a single
species confined to Northern Australia, was during early
and middle Tertiary times a flourishing, cosmopolitan
genus. To a closely allied genus, Miotermes, von Rosen
assigns four species from the European Miocene (Radoboj,
Oeningen and Wiirttemberg) and one from Florissant,
Colorado (M. coloradensis Scudder). In the Baltic
amber there is a species of Archotermopsis (4. fornguists),
a genus which, as we have seen, is now restricted to the
Himalayas, and three extinct genera allied to Archo-
termopsis and Termopsis, namely Xestotermopsis,
Proélectrotermes and Electrotermes. Furthermore, the
four species of Parotermes from Florissant, three
described by Scudder (1883, 1890) and one by Cockerell
(x913), are obviously related to Hodotermes, now confined
to Africa, Central and Southern Asia, and also belonging
to the Calotermitide. Cockerell (1916) has described
a Termopsis suinhos from the Burmese amber (Miocene).
This genus is now restricted to Western North America.
Von Rosen has recognized a true Calotermes (C. aning-
ensis) in the Miocene of Oeningen. These data indicate
very clearly that the primitive termites were represented
by more genera and species in Tertiary times than they
are at present. Of the highest termites there are only
a few species in the Miocene: Odonfotermes pristinus
from Radoboj, Eutermes fraasi from Wirttemberg and
two species of Termes, obscurus and croaiscus, from
Radoboj, and the generic references of some of them
are doubtful. Of the lower Termitide the modern
genus Leucotermes is represented by one species (L.
hartingi) in the Miocene of Europe and one in Colorado
(L. meads). The Baltic amber contains three species
of Reticulitermes, a genus to which the most abundant
of living European and North American termites belong
(R. lucifugus and flavipes). The very few remains of the
family Termitide in the early and middle Tertiary of
Europe and North America may indicate either that the
family was just developing or that the climate of those
regions was too cool for them. Even to-day the
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Termitide flourish only in the warmer portions of the
Ethiopian, Oriental and Neotropical regions.

The paleographic data thus confirm the general phylo-
genetic conclusions derived from the morphological and
taxonomic study of the living termites and snggest that
they must have originated at least as far back as the
Mesozoic. There is nothing to prove that they may
not have begum their evolution in the Permian, when
the last Protoblattoids became extinct. Handlirsch
(1903) derives the termites from Blattoid stock in the
Cretaceous, but this is probably too recent. Warren
(1919) has pointed to certain peculiarities in their present
geographical distribution, which show a greater survival
of the most primitive genera in the Northern and Southern
sub-tropical zones and the greatest representation of
higher Termitid genera in the tropics. After selecting
as the most primitive genera Mastotermes, Termopsis,
Archotermopsis, Calotermes, Leucotermes and Copto-
termes, he says: “ If the species contained in these
genera in any particular region are added together,
and compared with the total number of species of that
region, then the percentage will indicate the general
facies of the termite fauna *’. His results are given in
the table on page 144.

I also quote his general conclusions in regard to the
present geographical distribution of the Isoptera,
because they agree in the main with those suggested for
the Formicid in the preceding lecture :

““(1) There is an ancient or primitive aspect to the
Northern and Southern portions of the termite
area, taken as a whole. Thus North America,
North India, Japan and China, along the
Northern boundary, and Australia m the
South, possess such a fauna.

(2) Africa possesses the highest termite fauna,
smmce it contains a greater number of species,
and has a larger percentage of species belong-
ing to the more specialized gemera than any
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other region of the world. For the com-
parison drawn it may be objected that the
comparative areas of the different regions
should be taken into account. If such is
done the broad results would not be essentially
changed, since it may be noticed that m
the relatively small area of the Malay Region
some 185 species have been recorded, while
from the Indian Peninsula and Ceylon only
seventy-seven and from the whole of Australia
only fifty-three.

(3) Next in order comes the fauna of the Indo-Malay
region, which includes the Indian Peninsula,
Assam, Malay Peninsula and the Malay
Archipelago. These regions possess a greater
proportion of species of less specialized
genera than is found in Africa.

(4) South America, including Central America and
West Indies, possesses a fauna which is
somewhat more primitive than that of the
Indo-Malay region, and the number of species
recorded is considerably smaller, being 188
to 262.

(5) The Termites of North America are few in number
and primitive in character.

(6) The Termites of Japan and Southern China are
few, but there is a high percentage of un-
specialized species.

(7) In Australia the number of species in the termite
fauna is somewhat low, but there is a high

percentage of unspecialized and archaic
forms.

The above facts suggest the following hypothesis :
Since in the Tertiary Epoch the genera Termes and
Euiermes were fully established, we must suppose that
in Pretertiary times, when the contour of the great land-
masses was not the same as at the present day, a fauna
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of unspecialized termite genera extended over con-
siderable portions of Australia, Africa, America, Europe,
and Asia. Failing any other direct communication
between the Old and New World, we must suppose that
the fauna was continued to the North, even as far as
Behring Straits. To explain the distribution of termites
it is necessary, as in the case of mammals, at least to
assume a land-connection in these regions. As the
climate became colder, and the land-masses gradually
approached their present contour, evolution of new
species occurred, especially along the central warmer
portions of the world (South America, Africa, India,
and Malay Region), while North (North America, Europe
and Middle Asia) and South (Australia) the remmant
of the old termite fauna persisted and shrank towards
the equator.

It is thus possible to explain the present distribution
of termites without the assumption of a land-connection
by an Antarctic continent.

According to this view, the genus Porotermes, which
occurs in both Chile and in Australia, is to be regarded
as a portion of the old cosmopolitan fauna which has
persisted along the Southern border of the termite
area.

The relatively primitive character of the Madagascar
termite fauna may be due simply to the fact that a forest
country is favourable to Calotermes, but the condition
is paralleled by the persistence in Madagascar of the
ancient lemur fauna, which was largely replaced on the
main-land.”

The termites certainly appear to be very archaic
insects—far more archaic even than the ants. This is
not surprising when we consider that they are descended
from such primitive forms as the Protoblattoids. But
even the living orders to which they are most closely
related have a similarly archaic aspect, or habitus and
constitute the surviving twigs, so to speak, of an ancient
branch of the original Hexapod stock (Palaeodictyoptera).
It may be of interest to glance at these allied orders,
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because some of them have only recently come to hight
and because most of them suggest that even the most
primitive insects in past ages may have manifested socal
proclivities. That societies as complicated and as
highly integrated as those of the termites could arise
among such archaic forms confirms the conclusion,
not so readily inferred from the richly endowed Aculeates,
that simple physiological and instinctive activities may
be quite sufficient to produce and maintain very elaborate
social organizations.

The five orders of extant insects which seem to be most
closely related to the Isoptera are the Blattoidea,
Embiidina, Dermaptera, Zoraptera and Grylloblattoidea,
or Notoptera. They may be bniefly discussed sersatsm.

(1) The Blattoidea, being derived from the Proto-
blattoidea, have had the same ancestry as the termites
and though they have acquired the peculiar habit of
enclosing their eggs in an odtheca nevertheless some-
times show a vague approach to the social habits of the
termites. One of the best examples is Cryptocercus
punciulatus, our sole North American representative
of the sub-family Panesthinz. It is known to occur in
the Atlantic States from the Catskill Mountains to Georgia
and Westward to Kentucky and also in the Pacific
States. Its distribution, therefore, is discontinuous.
One other species is known from Japan. Concerning
C. punctulatus Hebard (x917) says: * This remarkable
insect is distinctive among the North American roaches
in the peculiar pronotum, which is thickened and some-
what hooded cephalad, in the absence of tegmina and
wings and in the production of the sixth dorsal and
ventral abdominal segments which completely conceal
the genitalia in both sexes ”’. Hence the sexes cannot
be distinguished externally, except when the internal
surface of the sixth ventral sclerite happens to be
visible. The insect always occurs in similar situations,
living in colonies consisting of the parents and offspring,
eating their way like termites through the dead sap-wood
of logs and stumps in places where the wood is soft,
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soggy and decayed. Undoubtedly Cryptocercus is a
very ancient relict, like several other North American
and East Asiatic animals, such as Limulus, the giant
salamander of Japan, our North American Menobranchus,
Necturus, etc. In New Zealand I have noticed another
roach, Polyzosteria nove-seclandi, with very similar
habits, though sub-apterous and belonging to a different
sub-family, the Blattine. Snyder (19z4) calls attention
to the fact that in the roaches of the genera Salganea and
Panesthia ‘“a break often occurs following in general
the anal sulcus at the base of the wing, as at the humeral
suture of termites, where the wing breaks off after the
colonising flight ; in the primitive termites this suture
is also often poorly defined ”. He also says that “it
is interesting to note that roaches and termites mate
n a similar manner ”’, but this statement, as I shall show
in the sequel, is somewhat misleading.

(2) The Embiidina, a small order of some eleven
genera and fifty-six described species, are confined to
tropical and sub-tropical regions and live in small
colonies that spin silken, anastomosing galleries either
in cavities in the soil under stones or on the bark of
living trees. The silk is spun with the fore feet, the
swollen metatarsi of which contain peculiar sericiparous
glands. Several observers have published notes on the
habits of these insects, which feed on dead vegetable
substances such as grass, lichens and fungi. Imms
(1913) describes the social behaviour of a Himalayan
species, Embia major (Fig. 33), which is nearly an inch
long, as follows: * Maternal care on behalf of the
ova and young larva is strongly exhibited by the females,
in very much the same manner as has been long known
to occur among the Dermaptera from the observations
of Frisch, De Geer, Xambeu, Green, and others. The
female Embia major shows very marked solicitude for
the welfare of her offspring after her first few eggs have
been deposited. She takes up her position in close
proximity to the ova and usually concealing them, so
far as possible, by means of her body. If alarmed and
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driven away, she returns sooner or later to take up the
same attitude. When the young larve are hatched,
they remain around the parent female, who conceals
them, so far as she is able, by means of her body, very
much after the same manner as a hen guarding her hrood
of chickens”. . . . ‘“ As the larve approach ther
second stage of growth, they exhibit a tendemcy to
wander away from the female and construct small tunnels
for themselves. They are markedly social, the whole
of a brood living together within a complex silken mesh-
work of tubes ”.

(3) The Dermaptera, or earwings, are so well-known
that I need not dwell on their behaviour. A couple of
recently published figures (Figs. 30 and 31) are here
reproduced to show the female of the common European
Forficula auricularia caring for her eggs and young.
This species has lately been introduced into the United
States and is proving to be a nuisance in some localities.
Jones (x917) and Fulton (x92¢4b) have published good
accounts of its habits which are very similar to those
described by Bennett (1904) for Amisolabis maritima,
which has also been introduced into North America.

(4) The order Zoraptera remained unknown till 1913,
when it was established by Silvestri on a single species
of the genus Zorotypus. Several additional forms have
since been described from various tropical countries—
Africa, Ceylon, Java, Costa Rica, and Florida. Professor
A. Emerson has taken a species in British Guiana and
I have found ome in Panama. Nothing is known
concerning the habits of these insects, which bear a greater
resemblance to the termites than any of the groups above
mentioned, apart from the facts that they live in small
colonies under bark or in dead wood and sometimes
in the vicinity of termitaria, that these colonies comprise
winged and wingless females and wingless males, and that
the former may drop their wings like termites. The
winged adults have well-developed eyes but the apterous
adults are blind. The venation of the wings is wvery
unlike that of termites, and the tarsi are two-jointed.
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between the Aculeate and termite societies. The
fundamental differences between the two groups are
clearer in their methods of colony formation. In the
Aculeata the colony is typically established by the
fecundated female, either alone after the marriage flight
or accompanied by a company, or swarm of workers.
In the termites there is alsc a flight of winged males and
females but each colony is established by a couple (royal
pair) after dedlation (Fig. 34), a process which, among
sais, occurs only in the female. Fuller (r915), in his
important paper on South African termities, has shown
thwt the males and females of each species exhibit u
rather elaborate courtship after the dispersion flight. Of
his several accounts I select for illustration only those
of Termes natalensis and T. latericius. The males and
fommales of 7. matalensis * flew high with well-sustained
flight, amd many passed overhead. The females, as
appears usual, alighted first; selecting free and high-
standing grass spears. Upon gaining a foothold (fifteen
to twenty inches from the ground) they at emoce reversed
four wings were half epmned amd the apex of the abdomen
became visibly swollen. Some males were flying low
over the herbage when this act took place, and in a short
space of time the females were discovered by them.
The male alights as a rule, directly on thve dorsum of the
female, flying to her with much precision. He rapidly
alligns himself, with wings closely folded and head
upward, and combs across and across from one cercus
to the other the dilated abdomen of the female. During
this the female sits quite still, but presently she deilates
and gives evidence of restlessness ; when her movements
sufficiently stimulate the male, he dedlates and crawls
from her back. The female then moves forward down
the stem, the male close behind with mouth organs always
closely brushing the anal plates of the female. There
is no doubt in connection with this mating that, whilst
the male is attracted to the female by the sense of smell,
as is the case with 7. vsdgarss, the directness with which
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he alights indicates further that, within a circumscribed
radius, the female is visible to him ; the play of the rays
of the setting sun upon her half-spread wings rendering
her quite a conspicuous object ”’.

Concerning T. latericius Fuller writes as follows:
“ The mating of this species was observed in Pretoria
at dusk on December 4th, 16th, and 18th, 1914. The
females were seen to alight first, taking up an inverted
position on pendulous parts of grasses and herbage.
Immediately on assuming this attitude they begin to
agitate their wings violently, and keep them in motion
until a male becomes associated with them. How long
a female may go on agitating the wings without a male
finding her cannot be said, but one watched for twenty
minutes never stopped, and after dark was still unmated.
The males seem to have great difficulty in finding the
females ; they fly low and incessantly over the tops of
the grasses, and again and again approach quite near to
a female, and even circle within a few inches around,
only to fly off again far afield. When mating was
accomplished during twilight it was noticed that the
male flew in narrowing circles around the female and
alighted near to her. Directly the male touches the
female the wings of both drop with inexplicable
suddenness, those of the female seeming to fall whilst
still being agitated. After this the female leads the way
to the earth, the male following close behind. Here
they soon burrow into the soil, and there form a cell.
Two pairs which burrowed into observation cells on
December 16th had both produced fifteen to twenty
eggs eight days later .

Thus the royal couple does not really mate till the initial
nest-cel has been excavated by their co-operation.
Owing to the fact that the penis of the male is vestigial
or absent, copulation takes place by simple apposition
of the genital orifices. The act, first observed by Grassi
(1893-94), was seen to be frequently repeated during
the life of the royal couple by Heath (19oz) and Feytaud
(xg12). In the course of time the queen of the higher
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termites is known to become enormously physogastric
(Fig. 35). She is constantly accompanied by the king,
who exhibits only a feeble enlargement of the abdomen.
Fuller gives the following description of his majesty’s
behaviour (Termes natalensis) :—'* This creature displays
an extraordinary devotion to his mate. He seldom
wanders more than an inch away from her; constantly
approaching her head and paying apparent court;
then inspecting her flanks and eggs with pre-occupied
attention ; behaving, in short, as most male termites
seem in the habit ofdoing, but never revealing the purpose
of his existence. The male is always somewhat inflated
with body-fat ; the conjunctiva of the sides of the
abdomen being distended, but not that of the dorsal
and ventral sclerites .

The courtship behaviour described above may, I
believe, be regarded as a further indication of the
Orthopteroid affinities of the Isoptera. It is well-known
that elaborate types of courtship are not exhibited by
the Hymenoptera, though they are frequent in Diptera,
Lepidoptera and Orthoptera. I have recently (1925)
published an account of some singular cases among the
flies. Fabre's fascinating descriptions of the courtship
of Mantids and Locustids are well known, and Hancock
(1905), von Engelhardt (1914) and Fulton (1915) have
described it in the Gryllids of the genus Oecanthus.
In the latter insects the female is enticed to the male
by a peculiar gland on the back of the thorax and feeds
on the secretion before or after mating. Recently
Wille (1920) has described in detail the somewhat similar
courtship and copulation of our common roach, Phyllo-
dromia germanica. In this case the female feeds on the
secretion of the male, but the glands open on the dorsal
surface of the abdomen. In the termites the réles are
reversed, the male being attracted by the glandular
secretion emanating from the tip of the female's abdomen
and copulation is a much less elaborate process than
in the Blattids. Snyder’s remark above quoted there-
fore requires qualification.
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That Fuller’s observations on the courtship and found-
ing of the colony among South African termites are also
of more general behaviouristic significance is evident
from the following passage: '‘ It seems almost certain
that this phase in the history of a termite is a succession
of events which follow upon one another in regular
order, and, if the chain is broken at any point, it remains
so. This may be illustrated by several specific cases.
The night-flying Eutermes trimervius, if attracted by
illuminating a white sheet, alights, and both sexes deilate
after meeting. If some are captured at once before
meeting and placed in a tube, they do not deilate.
Some, so captured, have been kept over four days alive
in confinement, and whilst a few deilated, or, to be
more correct, lost their wings, no attempt at pairing
was made. The same holds good of the dusk-flying
Termes incertus, but to a modified extent only. Further,
with these two species and three others (undetermined)
no attempt is made at burrowing if the sexes are kept
separate. In the case of two males confined together
it was noticed that one would frequently follow the other
as if it were a female. The stimulation induced them
to burrow together, but they soon desisted from doing
so, although stimulated thereto several times by one
another ; ultimately they died on the surface of the soil.
Again, a number of pairs of T. natalensis were captured
one evening and placed in a small box ; in the morning it
was found that the couples had lost all regard for one
another; they were allowed to wander over a table, but
none again mated voluntarily. When, however, artificial
burrows were made, and the pairs placed in them side
by side, the environment reacted upon them at once and
they burrowed to the bottom of the jar. In 1914,
similar results attended the mating and re-mating of
this species ",

In the remainder of my account of the archaic aspects
of the termites I shall have to be brief. Next to the
sexual peculiarities, already discussed, perhaps the most
conspicuously primitive traits are exhibited by their
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ontogeny and their feeding habits, which have had far-
reaching effects on all their social activities. Owing to
their rigid retention of the gradual, ametabolic type of
ontogeny, so characteristic of the whole Orthopteroid
series, the termites have developed less intimate relations
between the parents or other adult members of the colony
and the young than we find among the social Aculeata.
In these insects the larvae and pup= are quite helpless so
that the former have to be carefully fed and both, in
the ants, have to be transported to favourable and
away from unfavourable conditions of temperature,
moisture, etc. In termites such care is restricted to the
eggs and very young nymphs. Moreover, in the gradual
development of the nymphs with their series of active
instars separated by moults there is the possibility,
non-existent among Aculeates, of permanent arrest of
growth at a number of different and very definite periods
of development. This arrest may affect both the soma
and the gonads as in the soldiers and workers of the higher
termites or it may extend to the soma only. In such
cases ‘“ neotenmia”’ may result and we have the com-
plementary, or substitute males and females, which
in the colonies of certain termites may, wholly or in
part, replace the royal couple when it dies of old age or
from other causes. In the Aculeata, of course, no
such developmental resources are available, although
atypical adult forms may be produced (ergatomorphic
females, pseudogynes, pterergates, etc.). The gradual,
ametabolic development of termites, together with the
equal representation of both sexes in the personnel of
the colony, certainly presents the basis for a more
elaborate polymorphism than is found among the female
colonies of the social Aculeata.

The termites, probably because their immediate
ancestors never passed through a predatory, camivorous
stage, failed to acquire many of the extraordinary
instinct endowments which we observe in the social
Aculeates. Unlike these aggressive and high-strung
insects, they have lived and for the most part still live
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within their food, like the wood-boring beetles. Even
the ability to forage for vegetable food and to store it
is confined to certain Hodotermitidz and Termitide,
such as the species of Hodotermes which collect grass in
the daylight, the highly speci species of the genus
Eutermes, eg., the Cey E. monoceros, which,
mdmgtoﬂngnwn(:tgog. xgu,iuragesiorﬁchms
various African and Australian species of the same
genus, which collect dead grass, and Termes latericius,
which harvests seeds (Fuller). But even the species of
Termes, the only forms that have learned to grow fungi
on masses of their own excrement as food for their young
and the royal couple, still feed largely on humus, dead
grass and wood, and are apparently very far from having
attained to the skill of the Attine ants in cultivating,
propagating amd utilizing the fungi (see Morstatt, 1922).
The ultraeomservative habit of devouring wood and
kving in its cavities (Fig. 37) is the key to am understand-
ing of most of the social peculiarities of the termites.
It has long been suspected that they are unable to digest
the cellulose unaided and several investigators have
surmised that the ciliated protosoa which occur in growt
numbers in the intestines of the lignivorous species,
actually ingest the cellulose and render it assimilable by
their hosts.*

* The following statewent in regard to ﬂnowmmdﬁu
protozoa in termites is made by Cleveland (r9z3b). ™ Carefuol examin-
ation of the intestinal cantents of five workers of cach species of termites
in the U.S. Natioral Musenm revealed f.hutmm, protozoa ‘were
present wood was also t and, sesdatis is, < waso
present only when woor\?:pruent: thos cmﬁrmngm:mtu-
latum. Four families of texrmites axs known. the &

(1924, P. nag) In another paper (19238) Cleveland gives am extensive
ta!o-t—.n:f of the termites in which protozoa have and have not
been found.




Plasze XXIII.

Fic. 36. Mushroom gardens of .Acantbotermes militaris from a nest ar Malcla,
Belgian Congo. The white dots are the food bodies.  (Photograph by H. O.
Lang.)

Fi1G. 13. Damage by Calotormes bubbardi to rafters in an * adobe ™ building in
Arizona. (After Thes, E. Snyder.) "
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Plate XXIV",

FiG. 38.

A small Myrmicine harvesting ant of Texas, Pbeidole instabilis, with
polymorphic worker caste. a. Soldier. f. Worker. b. to e, Forms intermediate
between rthe soldier and worker (lacking in most other species of the huge
genus Pheidole).  g. Queen (déiilated). h. Male. The Figures are all dmwn
to the same scale. (See p. 172.)
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Xylophagy has had at least two other far-reaching
effects on the social organization of the termites. In the
first place, the bulky and at best rather slowly digestible
food seems to be responsible for their habit of feeding one
another with regurgitated, partially digested * stomodeal”
and voided, more completely digested, ‘ proctodeal ”
food, a form of trophallaxis, which certainly favours, if
indeed it be not necessary to the thorough infection of the
various individuals of the colony with the symbiotic
protozoa. Brunelli (1904) calls this feeding of the
termites on the digested and partly digested contents of
the intestines of other individuals not inaptly “ social
rumination . In the second place, the habit of tunnell-
ing through the wood and devouring it has naturally led
to the development of a timid cryptobiosis and all that it
implies, the degeneration or loss of the eyes, especially in
the soldier and worker castes, the loss of pigment and the
thinning of the integument, except in the winged forms
and the head and thorax of the soldiers, and the very
general photophobic and hygrophilous proclivities of all
the members of the colony. The defencelessness thus
acquired has in turn led to the development of a diversity
of protective structures and behaviour like the mandibles,
hard cranium and cephalic glands of the soldiers and in
the higher Termitide the agglutination of earth, faces,
etc., to formm a solid nest, or termitarium. Such pro-
tective adaptations have proved to be necessary on
account of the numerous enemies, particularly the ants,
many of which live largely or entirely on termites. This
1s true especially of the predatory Ponerine, eg.,
Megaponera fatens, Paltothyreus tarsatus and Euponera
senaarensis in Africa, Neoponera commutata, Pachycondvia
crassinoda and Paraponera clavata in Central and South
America and a number of species of Leptogenys in the
tropics of both hemispheres. In a paper describing the
various methods of defense among termites, Bugnion
(1923) says : “‘ In tropical countries the termites have no
enemies more redoubtable and none they actually fear
more than the ants. Between these little creatures there
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is an incessant struggle, an implacable warfare which has
been waged without mercy for thousands of years. Hence
the varied and ingenious methods of defence which the
termites have developed and which are nearly all
designed to protect them from the attacks of their
hereditary foes, the ants.” At the same time it should be
noted that some tropical ants will not devour termites.
This seems to be true of our formidable Neotropical army
ants (Dorylinz) of the genus Eciton. The African
Dorylines, Anomma, Typhlopone, Rhogmus, etc., however,
seem to be very fond of them. There is a host of species
(Carebara, Padalgus, Aéromyrma, etc.) which live as
thief-ants in the walls of the termitaria and prey on their
inhabitants, and an even greater host which drives the
termites partiallv or completelv out of their nests and
takes possession of their galleries. In Australia this is
the regular habit of Iridomyrmex sanguineus and of many
ants of the genera Opisthopsis, Calomyrmex, Polyrhachis,
Camponotus, etc. Another series, too numerous to cite,
behaves in like manner towards the African Termitida.
One who has witnessed this incessant and implacable
warfare between the ants and termites of the tropics can
only wonder whether eventuallv the former may not be
destined to exterrninate the latter.

Reverting, in conclusion, to De Grange’s definition of a
society as an accumulative collectivity, we see that the
most conspicuous accumulative activities, at least in the
higher termites, are architectural and the result of their
having early resorted to a food-supply which was abundant
and readily obtainable but not easily assimilable. The
peculiar food also furnished very simple conditions in
which to establish their colonies, originally in all prob-
ability like those of various subsocial beetles (Passalus,
Phrenapates, Parandra, Coccidotrophus, Micromalthus,
etc.).” All of these insects live in cavities of plant tissues.

! On re-reading an interesting paper by Lameere (1909) since this
paragraph was written, 1 find the following similar but more detailed
account of the hypothetical origin of the termite colony :* Let us

endeavour to picture in imagination the roaches adapting themselves
to a woody diet and tunnelling the tree trunks which become at the
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The later more elaborate developments or accumulations
(polymorphism, trophallaxis, mycetophagy, etc.) were
probably acquired very naturally as the result of more
complicated interactions among the individual termites
and between them and their chosen ligneous environment.

same time their natural habitat. What energy they must expend and
what precautions to insure the welfare of their progeny ! The odtheca
may disappear; it has become useless since the eggs are as well
protected by being simply laid in the galleries hollowed in the wood
and now constituting the nest. This is a saving that can be easily
realized. But the young on hatching are unable to obtain sufficient
nourishment by attacking so refractory a substance as wood ; they
are therefore fed by the mother and the great advantage of the father’s
co-operation in this activity is obvious. We therefore have a situation
very much like that of the Lucanid beetles of the genus Passalus,
which burrow in all directions in rotten tree-trunks and both the male
and female of which masticate the wood as food for the larvae .
We should now bave to substitute ** Protoblattoids *’ for ** roaches *’
in this passage.



VII
POLYMORPHISM

PoLYMORPHISM was frequently mentioned in the preceding
lectures but I refrained from discussing it because it keeps
recurring in very nearly all the social insects and could
not be viewed in proper perspective till their idiosyncracies
had been surveyed. It is twenty years since I first
discussed this perplexing subject (1go74). In the mean-
time it has been constantly in my thoughts and I have,
of course, consulted all the pertinent works to which I
could gain access. At no period have the students of the
social insects been so numerous, evinced a keener interest
in or been better equipped to deal with the subject. And
yet we have made little progress towards the solution of
the many problems suggested by the phenomena of
polymorphism. It is, in fact, so intricate that although
I have set apart two lectures for its discussion I shall be
able to present only a small number of its many aspects
and difficulties. Perhaps it will conduce to clearness,
if I confine this lecture to an account of some of the
leading facts and more obvious inferences and in the next
delve into the speculations which they have suggested
and will no doubt long continue to suggest.

It is difficult to define polymorphism, because the
phenomena to which zoélogists apply the term in its
broadest sense grade insensibly into those of variation,
mutation and metamorphosis, of alternation of genera-
tions (heterogony), pedogenesis, seasonal and other types
of heteromorphosis and heterochromatism. If we restrict
the term to the cases in which two or more different kinds
of individuals of the same species coéxist, it includes, of
course, sexual dimorphism and the differences between
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young and adults, but as employed by entomologists, it
is properly applied to the coéxistence of two or more
adult forms of the same sex, the “ peecilandry” and
“ peecilogyny *’ of de Peyerimhoff (1897). There are also
polymorphic larval forms, cases of what Giard (1891, 1894,
1905) called “ peecilogony.” 1 shall have occasion to
refer to these and to polymorphism in various insects but
my main concern is with the social species. The latter
are unfortunately so peculiarly constituted that their
polymorphism is often regarded as necessarily bound up
with certain other phenomena, such as those of sex-
determination, parthenogenesis, neotenia, sterility and
arrest of development, some of which may be briefly
considered for the purpose of eliminating them from the
general discussion. The problem of the sex of the
ofispring of parthenogenetic female insects has been much
befogged by the eternal discussion, especially in Germany,
of the honey-bee, an exceptional creature which it is very
difficult to dislodge from zod6logical text-books and lecture
rooms as the paragon of social insects. It is, of course,
well known that the offspring of unfecundated Hymen-
optera are usually males, but the exceptions are becoming
so numerous that the so-called Dzierzon “ law ”’ should
be regarded merely as a common occurrence to be noted
in the particular species in which it happens to be observed.
It is not a law, but at most a rule. That it has no
necessary connection with the polvmorphism of the social
insects is sufficiently proved by the termites, in which both
sexes develop from fertilized eggs and are equally
polymorphic. Winkler (1920, p. 76-108) has recently
taken the pains to record the sexes produced by partheno-
genetic females among insects and especially among the
Hymenoptera. Among the Phytophaga he cites twenty-
four species as definitely known to be thelytocous, two
which are ampherotocous and more than forty which are
arrhenotocous. But many of the cases recorded as
thelytocous are not pure since a few males may be
produced among the females. He cites among the Tere-
brantia, excluding the Cynipide, in which ampherotocy
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alternates with bisexual reproduction and including
the Bethylide, fourteen species, representing thirteen
genera and several families, as certainly thelytocous and
several which are incompletely so, since the broods
comprise also a few males. There are, moreover, a few
ampherotocous forms, though undoubtedly arrhenotocy
is the most prevalent type of parthenogenesis. A few
peculiar cases may be mentioned, which have come to
light in America since Winklers work was published.
After breeding many thousand individuals of Habrobracon
brevicornis, Whiting (1921) has demonstrated that males
may occasionally develop from fertilized eggs. He
informs me that he has also secured a few females from
unfertilized eggs, and Leiby (1922) asserts that the
fertilized eggs of Copisosoma gelechi@, a polyembryonic
Chalcidid, produce either male or female offspring, though
unfertilized eggs produce only males. Mr. S. M. Dohanian
who has been experimenting for many years with various
parasitic Hymenoptera at the Federal Gyvpsy Moth
Laboratory at North Melrose, near Boston, sends me the
following interesting notes :—‘“ In our studies of the life
history and habits of the hyperparasites of one of our
important gypsy moth parasites, Apanteles melanoscelus,
Mr. C. F. W. Muesebeck and myself have bred at least
three secondaries which have produced exclusively females
in parthenogenesis. The following are excerpts from our
prepared manuscript, to be submitted very shortly for
publication, and treating of species entirely thelytocous
in parthenogenesis : Females of Hemiteles temellus Say
are invariably secured in parthenogenetic reproduction.
In the laboratory we have obtained several pure lines of
females through twelve generations, over a period of
three years. The male, if this sex exists, is unknown.
In the course of the rearing of many thousands of
parasites from field-collected cocoons of Apanteles
melanoscelus, nothing has been obtained that could be the
male of this species, although females have always been
secured in large numbers. It is interesting to note at
this point that males of the European Hemiteles areator
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(Panz.), which is not clearly distinguishable from tenellus
morphologically, and of which fenellus has sometimes been
regarded as a subspecies or variety, occur abundantly in
museum collections. Having the opportunity, during the
summer of 1924, to determine the result of partheno-
genetic reproduction with H. areator, we found that
unfertilized females produce males. It is evident from
the disparity in the biology of the two forms that they
are quite distinct. Parthenogenesis, or reproduction
without fertilization, has been so often noted among the
parasitic Hymenoptera, that it may be regarded as of
general occurrence in these groups. All the hyper-
parasitic species attacking Apanteles melanoscelus were
found to be capable of reproducing without previous
fertilization, as would be expected. But of particular
interest in this connection was the observation that
different species of a given genus may differ with regard
to the sex of the progeny resulting from parthenogenetic
reproduction. One of the two common species of
Hemiteles reared from Apanteles was found to be
arrhenotocous, while the other is always thelytocous.
The two species of Pleurotropis and those. of Anastatus
obtained from the Apanteles cocoons differ in the same
way, one species in each genus always producing males,
the other females. Males of the thelytocous species have
not been encountered or at least have not been
recognized.””* Picard (rgzz) has also studied two of the
European species of Hemiteles, fulvipes and longicauda.
The former is a general parasite, attacking other parasites,
especiallv A panteles spurius, various Microgasters, some
Tenthredinide (Blennocampa pusilia) and apparently even
the eggs of spiders. The virgin females produce only
male offspring. H. longicauda, which is a hyperparasite
of Apanteles glomerafus, however, is regularly, if not
exclusively thelvtocous.

Finally,in the Aculeata, there are several cases in which
females are said to have developed from unfertilized

* The observations of Muesebeck and Dohanian have been recently
published (1927).
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eggs. Without stopping to cite the works of other
antidzierzonists, attention may be called to those of
Onions (1912, 1914) and Jack (1917), according to whom
the workers of the South African race of Apis mellifica
(var. kaffra or intermissa), though possessing a sperma-
theca, produce parthenogenetically not only males and
and workers but even queens! In solitary and other
social bees, according to the recent ingenious investigations
of Descy (1924) on Osmia, of Stockhert (1923) on Halictus
and many observers of Bombus, parthenogenetic females
are always arrhenotocous. The same results are recorded
for unfecundated ant queens and workers by Forel (1874),
Lubbock (1888), Miss Fielde (rgor), Janet (1909),
Tanquary (1913), and myself, but there are exceptions.
Tanner (1892) claimed that in his artificial nests workers
of the large leai-cutting ant of Trinidad, Atta cephalotes,
produced males, workers and queens, and Reichenbach
(1902), Mrs. A. B. Comstock (Wheeler, 1903} and Crawley
(1912) claim to have reared workers from the unfecundated
eggs of Lasius miger workers. The instances adduced
show clearly that the phenomena of parthenogenesis have
no necessary connection with polvmorphism and that
whatever may be the ultimate solution of the problem
in common races of the honey-bee, whether unfecundated
queens and workers produce males only or occasionally
also workers, or whether fertilized eggs may sometimes
produce males, can contribute nothing of theoretical
importance to the problem of sex determination that has
not been contributed already by other Hymenoptera in
which all the possibilities mentioned are realized under
more favourable conditions of experimental control.

We can hardly speak of polymorphism in the social
Aculeates till a worker caste makes its appearance as a
distinct morphological expression of the behaviouristic
and physiological division of labour among the originally
monomorphic female members of the colony. Among the
bees we noticed the presence of such a caste in the
Bombinz, Meliponine, Apin® and Halictine. In the
social Halicti it is represented by the sterile summer
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generation of females, which are sometimes sufficiently
different from their mother to have been described as
distinct species (Stockhert, 1923). The social species of
Allodape are still in too primitive a stage to have developed
a morphologically recognizable worker caste, although it
may be said to be represented in an early, purely
behaviouristic, phase by the daughters that associate
themselves with their nest-founding mother. The
Vespidz exhibit a very gradual evolution of the worker
in the five social subfamilies. In the Stenogastrinz and
some Polybiinz no worker has been detected ; in other
Polybiin® dissection alone reveals whether a female is
functioning as a worker, i.e., behaving as a sterile
individual, or nurse. In the Ropalidiinz and Polistinae
the workers differ little externally from the queens but
in the Vespinz the difference becomes well established in
both stature and colouration. In ants and termites the
worker caste is wingless, usually sharply differentiated
and frequently secondarily dimorphic or pleomorphic as
the result of a more intensive physiological division of
labour. In these insects also the worker and soldier
castes evidently first appeared as merely functional, i.e.,
physiological and behaviouristic castes before they
assumed the morphological characters which now enable
us to recognize them so readily.' If my contention,
reiterated in the preceding lectures, is correct, that the
ants, termites and various groups of social bees and
wasps represent phylogenetically independent societal
developments, we must also assume that the worker
castes which appear in no less than ten of them, are
likewise independent and have derived their similar and
convergent peculiarities from the similar trophic and other

¥ As a physiological caste amorg ants the plerergates, or ‘‘ honey-
pots ' of wvarious species of Myrmecocyvstus (Fig. 60), Prenolepis,
Plagiolepis, Camponotus, Melophorus, Pheidole, etc., in arid regions
mayv be cited. These are workers or soldiers which are at first indis-
tinguishable from other members of their respective castes but event-
vally become sluggish and acquire a great distention of the crop and
abdomen as the result of storing liquid food. The gynacoid workers,
which develop their ovaries and assume the rdle of queens in queenless
colonies, may also be regarded as constituting a physiological, emergency
caste.
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societal conditions to which they have been constantly
subjected during their ontogenetic and racial history.

On closer examination the ten independent societies
may be divided into four groups, according to the
idiosyncracies of their worker castes : first, the Halicti,
humblebees and four subfamilies of wasps, second, the
Meliponine and Apine bees, third, the termites and fourth,
the ants. In the Vespide, Bombinz and Halictine the
worker form has developed concomitantly with an
increase in its sterility while the queen retains unimpaired
the morphological and physiological status of the
primitive solitary Vespid or Apid female. Here the
conditions appear to be quite perspicuous, and Marchal’s
(1896, 18g7) *“ nutricial castration * (from nufrix, a nurse)
would go far towards accounting for the phenomena. It
will be recalled that he gave this name to functional
atrophy or arrest of development of the ovaries brought
about by the nursing, or nutricial proclivities of the
worker. He showed that by eliminating the queen from
the Vespa colony as many as a third of the workers may
become fertile. A similar result is produced by a
suppression or merely by a temporary suspension of the
oviposition of the queen. This can be due, as Marchal
maintains, only to an abolition of the nursing function
and the appropriation by the workers of the food which
under normal conditions they would feed to the larvea.
Nutricial castration, of course, leads to ‘‘ alimentary ™’
castration, i.e., the inhibition of the development of the
reproductive organs in the larve from which the workers
develop. Thus we have a circular process the effects of
which are aggravated by the tendency of the adult workers
to distribute the limited amount of available food among
many more larve than can be adequately fed (see
Roubaud, 1916). The feeble polymorphism of the wasps
and in all probability also that of the humblebees, are due
to well-known physiological and instinctive processes
peculiar to the social medium.

While the worker caste in wasps and bees seems to
acquire its sterility gradually and before or during its

. 3
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morphological differentiation, the corresponding caste of
termites,or at any rate the soldiers, seem to have developed
morphologically before their fecundity was impaired or
lost. In very primitive species like Archotermopsis
(Imms, 1913) and evidently to some extent also in
Termopsis (Heath, 1927), the soldier caste is fertile
(Fig. 54) and there are fertile neotenic males and females
but no workers. We may say that in Archotermopsis
each sex is trimorphic and represented by three fertile
forms, completely winged individuals, partially winged
neotenics and sup-apterous or apterous soldiers. With
increasing social development a worker caste makes its
appearance as an arrested early nymphal stage and like
the soldier is normally sterile.

At first sight the conditions in the Formicide would
seem to be the same as those of wasps, except for a more
profound somatic modification and a more pronounced
sterilization of the worker caste. A comparative study
of primitive ants, however, especially of the Ponerina,
Cerapachyin®, Doryline and Pseudomyrminz, suggests
that this resemblance may be superficial. The ants, as
we have seen, are much older than the social wasps and
seem to have arisen from a section of the solitary
Vespoidea much nearer the archaic ancestors of the
Aculeata, the Bethyvloidea, several genera of which still
retain two forms of fertile females, winged and apterous.
Here, too, therefore, even in the solitary ancestry
polymorphism had preceded sterility, and it is not
improbable that the early Formicide may have retained
the female dimorphism after they became social and have
utilized it in the production of winged queens and
wingless workers. The winged female simply took on the
function of disseminating the species and starting the
colony, while her apterous but still fertile daughters
remained with her and specialized in rearing her and their
own subsequent broods and in foraging for food. The
winged queen acquired the ability to drop her wings and
the voluminous vibratory muscles could then be broken
down and used in nourishing her ovarian eggs and in
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lengthening her life till the wingless offspring emerged.
Janet (xgo7) and C. Pérez (1912, 1920) have, in fact,
shown that deilation is actually followed by these
processes in ant queens after their nuptial flight. The
next step was the reduction of the apterous fertile females
to the rank of workers. This hypothesis might account
for the conditions seen in certain subfamilies and genera
of ants, e.g., the retention of the wingless as the only
queen in Doryline, manv Ponerine and Cerapachyinz,
the presence of both winged and wingless queens in the
same colony {Ponera) or in different localities (Harpago-
xenus),and the not infrequent occurrence of ergatomorphic
queens in several genera (Leptogenys, Onychomymmex,
Diacamma, etc.).

In this connection I may mention the opinions of
Mrazek (1916), who endeavours to show that poly-
morphism in the social Hymenoptera is due to a masked
or telescoped alternation of generations like that of the
Cynipide. At first sight there would seem to be little
to recommend this hypothesis, which was long ago
suggested by Steenstrup and von Siebold, but it is
supported at least by Stdckhert’s observations on the
social Halicti (1923). Obviously, Halictus malachurus
and the allied species may be most readily derived from
species, of which there are several in the genus, with two
annual generations through the survival and increasing
longevity of the hibernating autumn females and the
progressive sterilization of the summer generation till it
was reduced to the status of a worker caste. The ant-
colony, too, if we accept the interpretation which I have
given above, might be conceived to have arisen by a
telescoping of two generations, originally with fertile
winged and wingless queens, respectively. But the social
wasps, e.g., the Polybiine, seem to me to present an
insuperable obstacle to Mrazek’s hypothesis, because they
are so closely related to and so naturally derived from the
solitary Eumeninz, in which there is no hint of the
occurrence of an alternation of generations. Nor do
Mrazek’s attempts to find indications of such a condition

- »
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in the honeybee seem to me to be either clear or felicitous,
but the honeybee seems destined to drive biologists to
distraction. There is nothing, so far as I can see, in the
constitution of termite societies to suggest an alternation
of generations.

Instead of resorting to a contracted or telescoped
heterogony I should prefer to regard polymorphism, at
least in the ants and termites, as phylogenetically prior
to the conditions in which one or more of the forms
became sterile. This view implies that the phenomenon
is essentially the same as the pcecilogyny and pcecilandry
of many non-social insects. Although many of the latter
cases were succinctly reviewed by de Peyerimhoff as long
ago as 1897, it may be of interest to glance at some of the
cases that have been described within recent years. The
most familiar are the male Lucanid beetles which are
often singularly like the pleomorphic workers and soldiers
of certain ants and termites in the structure of the head
and mandibles. Among the army ants of the genus
Eciton s. str., e.g., we might recognize extreme telodont
and priodont forms with intermediates as in many
Odontolabine Lucanide, as described by Griffini (1905),
Champy (1924) and others. This resemblance which has
not escaped Viehmeyer (1923), might be traced in detail,
did my time permit." A case which recalls the variation
in the eyes in pleomorphic series of worker ants or among
the castes of termites is that of the small Pselaphid beetles
of the genus Bythynus. In B. algericus, according to de
Peyerinhoff (1910), the female has minute eyes, whereas
the males are dimorphic, one of the forms having rather
small, the other large eyes. Polymorphism of the wings,
resembling that of the neotenics among termites, is
common among Hemiptera of both sexes and has been
carefully studied in a number of aquatic species by
Poisson (1924). Another example, in certain respects
more like that of ants than any of the preceding, though it
also occurs only in the male, is furnished by the peculiar
fig-insects (Chalcidide) of the genus Philotrypesis, as
described by Grandi (1921, 1923, 1925). The heads of the

! After measuring series of soldiers and workers of 4 nomma nigricans
and Campondus grg1+. Julian Huxle. (1927) cqucludes that this resem-
blance to the peecilandry of Lucanids and other animals (¢helz of crabs
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various males of Ph. erythrea and unispinosa var. ornata,
as figured, might readily be mistaken for a series of heads
of pleomorphic Camponotus workers. Grandi adopts
Berlese’s terms for the extreme and intermediate forms,
the ‘‘epimegetic”’ males being the largest, the
“ eumegetic "’ the transitional and the ‘* hypomegetic
the smallest in the series. But the pcecilandry of
Philotrypesis may become even more complicated than
the peecilogyny of ants, e.g., in Ph. minuta, the males of
which form two series, an “ acanthocephalous” and a
‘“ mutic,” “each of which comprises eumegetic and
hypomegetic and furthermore eumegetic macrognath
(heterodont) and eumegetic brachygnath (heterodont)
forms.” The resemblance of the species of Philotrypesis
to ants is enhanced, moreover, by their extreme subaptery.

That polymorphism is due to other causes than those
determining sexual dimorphism is, I believe, clearly
indicated by the foregoing examples and the occurrence,
already mentioned, of an identical polymorphism of both
sexes in termites. This conclusion becomes a certainty
when we consider the cases of polvmorphism (*‘ peecil-
ogony ') in the larvae of certain insects which as adults
are homomorphic. Twenty-two years ago Giard (1905)
reviewed all the known cases in a comprehensive paper.
I shall therefore cite only two, one that has been more
recently discovered and one that has been more carefully
investigated. Silvestri (1go6) found that there are two
very different types of larva in the polvembrvonic
Chalcidid Litomastix truncatellus, one possessing repro-
ductive organs and developing into the adult insect, the
other (*“ asexual larva ”’) without reproductive organs and
dving without further development. The same types of
larve were later found bv Patterson (1918, 1921) in
another polvembryonic Chalcidid, Paracopidosomopsss
floridana.  Among the cases of peecilogony, Giard briefly
referred to the padogenetic Cecidomyids and Chironomids
as ‘“determined in part by the primary factors of
temperature and food.” The more recent studies of
S_pringer (1915) and Harris (1923, 1924) have demonstrated
antlers of stags, horns of Titanotheres, etc.) can be expressed as a

mathema-ical eguation,, namely v = bx*, inswhich v = the organ
measured, X ¥ the rest of the body and b and k are constants.
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that the larve of the Cecidomyids of the genera Miastor
and Oligarces are distinctly trimorphic. Springer calls
them ‘‘ typical padogenetic,” ‘‘ vagrant ” and *‘ pupa
larvae ”’ respectively, and believes that their peculiarities
may be due to differences in the external conditions.
Harris designates the same three types as ‘‘ typical white
padogenetic,” ‘‘yellow padogenetic” and *‘ pupa
larvae.” The last develop into adult flies without
pxdogenetic reproduction. He believes that the various
larval types and their sex are determined by genetic and
not by environmental factors. In regard to the sexes he
says: ‘* Males as well as females arise from mass cultures
of larvae that have been produced by padogenesis in
Oligarces sp. But males and females are not produced
by the same individual under normal conditions. In the
descendants of members of a colony taken from nature
there were found to be two types of padogenetic larva in
respect to the sex and pupz and adults which they
produced, (1) male producing and (2) female producing.
These two types of padogenetic larve are not morpho-
logically distinguishable.” This would seem to mean
that there are really six kinds of larva, three for each sex.

Polymorphism has acquired such a degree of complexity
in the ants (Fig. 38 and 39), and especially in the termites
that it will now be advisable to concentrate our attention
on these groups. The male ant is an extraordinarily
conservative and stable organism, although it is known
to be dimorphic, i.e., to have a winged and an apterous
phase in a few species {e.g., Ponera eduardi) and
exclusively apterous forms in a few genera (Anergates,
Formicoxenus, Symmyrmica, Cardiocondyla). So far as
size, or stature is concerned, it may be used in each
species, as Emery has shown, as a rough primitive standard
with which to compare the much more variable queen
and worker. The extraordinary range of variation in the
female sex of the Formicid is indicated by the fact that
no less than twenty-one different forms have been
recognized. Of these eight are clearly pathological and
produced either by the presence of parasites in the
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members of this series are described as “ workers major ”
and “ minor,” or ‘“ maxima,” ‘‘ media,” and ‘‘ minima "’
(Camponotus, Atta, Pheidologeton, Dorylinz, etc.).

(5) Of the series in stage (4) the maxima and media
workers alone survive and the former is converted into a
soldier (Macheromyrma bombycina).

(6) The mediz, or desmergates connecting the maxima
and minima of stage (4) are no longer developed, so that
only the extremes persist. The maxima is then known as
a soldier (miles, dinergate), the minima as the worker
(proper). The female is therefore now distinctly tri-
morphic (Pheidole, Ceratopheidole, Acanthomyrmex,
Ischnomyrmex, Oligomyrmex, etc.)

(7) The queen disappears and the soldier, becoming
fertile, assumes her rdle, while the minima alone repre-
sents the worker caste. This stage is problematical but
seems to exist insomespecies of Pheidoleand Oligomyrmex
(Ph. lamia and Q. panamensis).

(8) Onmly the queen and the soldier forms persist, the
workers being suppressed. This seems to be the condition
in the peculiar slave-making ants of the genera Polyergus
and Strongylognathus.

(9) All the worker forms in the series of stage (4) except
the minima, disappear so that we have enormous queens
and very minute workers of a single type (Carebara
(Fig. 72), P=dalgus, many Solenopsis, etc)).

(10) The entire worker caste is lost, so that the species
returns to a simple sexual dimorphism, i.e., is represented
by single male and female forms as in most insects and
other Metazoa. The female of this stage, which occurs
only in certain permanently parasitic ants (Anergates
(Fig. 78), Wheeleriella (Fig. 77), Epcecus, Pseudoatta, etc.)
is scarcely larger than the male.

We must not interpret these stages as succeeding one
another in a definite linear series but as radiating from the
first stage which is basic. Stages (2) to (10) have evidently
arisen independently and repeatedly in unrelated genera.
It can be shown, furthermore, that most of the stages are
responses to peculiar environmental and ethological
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requirements, in last analysis mainly of a trophic nature.
This is perhaps most obvious in stages (9) and (ro), of
which we may take Carebara and Anergates as examples.
The species of Carebara (Fig. 72) are “ thief-ants ”* which
live in the walls of the termitaria of African and South
American Termitidze. The nest is connected with the
chambers of the termites by very tenuous galleries, too
small to permit the termites to pass but permitting the
diminutive Carebara workers to enter and devour the
termite brood. So abundant is the food supply that these
workers are able to rear gigantic queens, but are them-
selves, on account of their cleptobiotic propensities,
condemned to perpetual dwarfhood. In the monotyvpic
Anergates atratulus (Fig. 78), which is a permanent parasite
in the colonies of the common European Tetramorium
caspitum, there is no need of a worker caste, because the
broods of both species are brought up by the host workers.
The Anergates workers have therefore long since dis-
appeared and the queens have been reduced in size.
Owing to this secondary return to the sexual dimorphism
of the solitary Aculeates, the number of females that can
be reared is greatly increased, an obvious advantage in a
parasite, and their decreased stature enables them to be
more readily adopted by the Tetramorium colonies.
The latter actually seem to prefer the minute parasites to
their own huge queens, just as some ladies, for @sthetic
or economic reasons, prefer the tiny Pekinese dogs to huge
mastiffs as pets. These few facts and many others that
might be adduced, show that the number and character
of the female castes can be regulated by the ant colony,
just as the number and character of its cells are regulated
in the body of a Metazoan. This regulation, which is seen
both in the development and abolition of castes, has an
ontogenetic as well as a phylogenetic aspect and is in some
respects a very plastic, in others a rather rigidly deter-
minate process, depending apparently on the phylogenetic
age of the castes in the particular species under
observation,

That the various female castes are adaptive can
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scarcely be doubted since they have arisen in the colony
as an expression of a physiological and behaviouristic
division of labour. Considerable confusion seems to have
been introduced by the recent work on the morphology
of the brain of the ants and other social Aculeates and a
failure to take the facts of behaviour adequately into
consideration. It would seem that the fertile female,
or queen of the non-parasitic social Aculeate is to be
selected as a fundamental type of which the various worker
and soldier forms are to be regarded as partial or more or
less modified expressions or differentiations. The
instincts of the queen embrace, so to speak, all the
essential instincts of the stenle or substerile castes. This
has never been disputed in Vespa and Bombus, and there
is no doubt that the queens of these insects have a larger
and more perfectly organized brain than the cospecific
workers (von Alten, 1910). The contention of most
authors that the differentiation of the corpora pen-
dunculata of Dujardin, or ‘ mushroom bodies,” as they
are often called, which are situated in the anterior portion
of the protocerebrum, is directly proportional to the
behaviouristic capacities of the insect, holds good of the
queen, worker and male brains of Vespa. In the honey-
bee, however, as Jonescu (xgog) has shown, the brain of
the queen is inferior to that of the worker, but in that
insect the queen is really a parasite on her own colony and,
unlike Vespa, quite unable to bring up her offspring
without worker aid. In the ants most queens exhibit
a behaviour and brain capacity like that of Vespa, but
some queens, mostly parasites in the colonies of other
species, are deficient in behaviouristic endowment and
possess smaller and less highly differentiated brains than
the workers of their own species. The latter type,
according to my observations, is exceptional, the former
the more prevalent, and this is the basis of Miss Thompson’s
and my disagreement with Forel (1874), Pietschker (1g10),
Ziegler (1912, 1920) and Brun (19234). Forel first
advanced the generalization (1874) that the brain of the
worker ant is superior to that of the queen in his studies
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on Lastus fuliginosus, now known to be a temporary
social hyperparasite of L. umbratus, which in tum is a
parasite of L. niger. And although I called attention to
this fact, Brun has recently reached the same conclusion
as Forel, mainly from a study of L. wumbratus! Miss
Thompson’s researches on three species and genera of
non-parasitic ants, Camponotus pennsylvanicus, Formica
schaufussi and Lasius americanus, support the opinions
which I advanced in 1910, although she finds that the
brain of the F. schaufussi queen is degenerate compared
with that of the worker. She summarizes her results as
follows :—"* The queen brain seems to me to represent
tke generalized type from which the worker caste has
departed, and, while some queens are notably degenerate
in brain structure, others have remained in a far more
generalized condition, for example, the queen of Lasius
niger. If we select as a standard the degree of develop-
ment (1) the optic apparatus, including the eyes and optic
lobes, (2) the mushroom bodies ; and compare the castes
of the three genera under consideration with the queen of
Lastus niger, we shall obtain evidence of divergence from
this type in the two opposite directions of increase, and
of reduction of parts, or degeneration. From this
comparative study two facts are worthy of note : (1) the
Lasius queen has a more highly developed, generalized
type of brain than either of the queens of Camponotus or
Formica. (2)the queen brain in its most highly developed
typical condition, as in Lasius niger, is superior to and
more highly developed than that of the worker. There-
fore, the conclusion is justified that the queen brain is the
primitive type from which by degeneration and specializa-
tion of structure the worker brain has been derived.”

The discrepancy between the results of Miss Thompson
and myself on the one hand and those of Forel, Pietschker,
Ziegler and Brun on the other are difficult to explain.
Two of the species investigated by Pietschker and Miss
Thompson are really identical (Camponotus pennsvlvanicus
and ligniperda being subspecies of C. herculeanus and
Lasius americanus a variety of L. niger), and all of us used

12
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material in the same stages, i.e., late pupa before pig-
mentation. I mention this matter because Holmgren
(rgog) has shown that the brain of the old physogastric
queen of Eulermes chaguimayensis shrinks to two-thirds
of its size in the virgin queen, showing that profound
involutionary changes occur during the imaginal instar.
Not improbably similar changes may occur in the brains
of deilated queen ants at the time of the dissolution of
their thoracic musculature. Hence the comparison of the
brains of such old queens with those of their workers
might seem to support the views of Forel, Pietschker and
Brun. It may also be advisable in future work on the
ant brain to pay more attention to the behaviour of the
queens. It is singular that although F. schaufussi is one
of the most abundant of our North American ants, I have
never found its queen in the act of founding a colony
independently. If, as seems possible, the young queens
establish their colonies by emigration with companies of
workers, we should have a condition like that of the honey-
bee (or rather like that of the Meliponinz) and we should
be able to account for the smaller and more degenerate
brain in the queen.*

¥ I have been criticized by Forel (1921-23) and Brun (1923a) for
my skepticism in regard to the close relationship between the psychic
behaviour and development of the pedunculate bodies in ants {(19104).
More than twenty-five years ago, one of my students, the late Dr.
C. H. Turner undertook a comparative study of the corpora pedun-
culata in the Annelids and the lower Arthropods and in 1899 published
a preliminary but no final paper on the subject. Since this paper seems
never to have been consulted by investigators of the insect brain, it
is only fair to glance at its contents. Before its publication, Hamaker
(1898) had shown that there are corpora pedunculata in the brain of
the Polych®te Annelid Nereis virens and Dietl (1876), Berger (1578)
and Viallanes had noticed their occurrence in Decapod Crustacea.
Turner also found them in Annelids {Nereis, Polyno& Lepidonotus)
and Decapods (Cambarus). His figures show that they are much more
highly developed in Polyncé and Lepidonmotus than in Nereis or in
many of the lower insects, e.g., Tomocerus and Lepisma, according to
Kuehnle (1913), Boettger (1910) and Bretschneider (1915). But the
most astonishing condition is seen in Limulus, in which, as Patten (1894)
and Turner have shown, the corpora pedunculata are so large and
complicated that they resemble the cerebral hemispheres of a higher
vertebrate! They have, in fact, advanced much further in relative
volume and morphological differentiation beyond the ant corpora
pedunculata than have the latter beyond those of the lower Ortho-
pteroids. I ask again, therefore: what is such a stupid and archaic
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The polymorphism of the termites, to which we may
now turn, is more complicated than that of the ants, both
because it affects the two sexes equally and because it is
more elaborate in each of them. We may distinguish the
following eight castes, with sixteen different kinds of
individuals :—

(1) First form males and females (true kings and

queens)

(2) Second form males and females (neotenic kings

and queens)

(3) Third form males and females (ergatoid kings

and queens)

(4) Large male and female workers

(5) Small male and female workers

(6) Large male and female soldiers

(7) Medium male and female soldiers

(8) Small male and female soldiers
Probably no single colony of termites ever produces all of
these castes but five or even six of them are frequently
encountered. Moreover, the soldiers may be of two very
different types, most species having large-headed
“ mandibulate ** forms (Figs. 38 and 54), while some of
the genera of Termitide have a very different kind, the
“mnasuti” (Figs. 52 and 53), with small head and mouth-
parts and a long snout, with the frontal gland opening at
its tip. The matter is complicated by the fact that the
workers, soldiers, and neotenic individuals, especially in
the lower termites, may be differentiated at different
instars, so that they vary in the number of antennal
joints and in other minor characters. It has been usually

creature as Limulus doing with the most highly developed corpora
pedunculata in the whole Arthropod phvlum ? Forel says he knows
nothing about Limulus and seems to imply that he cares less, so con-
vinced is he of the precise function of the structures in question,
but it they are really an infallible index to the ' plastic-psvchical and
individual mnemic capacities of insects *', as Brun contends, we must
assume either that Limulus, somewhere in the depths of the sea and
quite unknown to us, exhibits an astonishing wealth of * plastic
mentality ”’, or that its extraordinary corpora pedunculata are a
wonderful depository of * mnemic engrams ', perhaps painfully
acquired by the enterprising Pal®ozoic Protolimulus and transmitted
as useless heirlooms to its modern moronic descendants !
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supposed that as we advance from the lower to the higher
termites polymorphism tends to increase, but Holmgren
believes that the reverse development really occurs. He
gives the following series of the more common stages,
which afford an interesting comparison with those above
enumerated for the ants :—

(1) Soldiers (mandibulate) highly polymorphic, of a
single type ; neotenics and ergatoids frequent ; definitive
workers lacking (Calotermes, Termopsis).

(2) Soldiers (mandibulate) polymorphic, of a single
type; neotenics and ergatoids frequent; definitive
workers present, of a single form (Leucotermes)

(3) Soldiers polymorphic, of two types (mandibulate
and furcate nasuti) ; definitive workers probably present,
of a single form (Rhinotermes).

(4) Soldiers (mandibulate) dimorphic, of two types,
large and small; neotenics and ergatoids unknown;
definitive workers dimorphic, of two sizes (Acanthotermes,
Termes).

(5) Soldiers (mandibulate) monomorphic, of one, larger
type; neotenics and ergatoids unknown; definitive
workers dimorphic, of two sizes (Syntermes, Odonto-
termes).

(6) Soldiers (mandibulate) monomorphic, of one,
smaller type; neotenics and ergatoids unknown;
definitive workers dimorphic, of two sizes (Odontotermes).

(7) Soldiers (mandibulate) and workers monomorphic ;
neotenics and ergatoids of occasional occurrence (the
great majorty of higher termites)

(8) Soldiers lacking secondarily; workers mono-
morphic (Anoplotermes)

(9) Soldiers (nasuti) secondarily dimorphic, of a single
type ; workers monomorphic; neotenics and ergatoids
unknown. (Eutermes bivalens, aquilinus, group of E.
trinervius).

(x0) Soldiers (nasuti) secondarily trimorphic; workers
monomorphic (E. diversimiles, castaneiceps).

(11) Soldiers (nasuti) secondarily dimorphic; workers
monomorphic (E. heteropterus, velox and others).
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(12) Soldiers (masuti) secondarily —monomorphic;
workers monomorphic (E. cyphergaster, {tenuirostrss,
hospitalis, etc.).

To this list Holmgren adds the following commentary :
‘ Evolution seems here to proceed from a very com-
prehensive polymorphism towards simpler conditions,
The simplification culminates in Anoplotermes, in which
soldiers no longer occur and the workers are monomorphic.
In the simple, trimorphic stage (7), however, a secondary
caste differentiation, stage (10), supervenes, which is
followed by another increase in the number of castes.
This more incisive, secondary polymorphism (penta-
morphism) is again in turn reduced to a simple tri-
morphism (stage (12)). The development from stages (1)
to (7) proceeds from more labile (fluctuating) to more
stable conditions of caste, because the soldier class in the
first stages of this series may arise by breeding from a
greater number of different larval forms. The germ
plasm of groups (1) and (2) is, so to speak, in a ** trial and
error *’ phase ( Versuchsstadium ). Their mobility is
due, perhaps, to the soldiers and * workers” being in
great part fertile and this may have brought about a
complex germ plasm mixture. This is only wild specula-
tion, but it agrees with the conditions of species formation
which I have already discussed. We learn, however, that
such lability may also arise without fertile soldiers and
workers from the species of Eutermes of stages (g) and
(To), where a secondary ‘ lability " sets in. When
among the ants a polymorphic worker class becomes
dimorphic the condition is often said to be due to the
dying out of the intermediate forms. It does not seem
to me to be necessary to assume such an extinction, since
the course of events may very well be due to an omission
of differentiation. When, e.g., in Rhinotermes a sharply
defined soldier dimorphism arises, it is probably not
produced by a suppression of intermediate soldier forms
but to an independent differentiation of those already
existing.” The question here touched upon by Holmgren
would seem to be rather academic, since a phylogenetic
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loss can only express itself in the ontogeny as a failure to
develop or to differentiate.

Having treated of the Aculeate brain it will be of
interest to glance at that of the termites, especially as
some significant observations on caste differentiation have
been based on that organ. It has been studied by
Holmgren (1909), Kuehnle (1913), Miss Thompson (1913,
1916, 1917, 1919) and Juccl (1923). Miss Thompson,
after a comparative study of the various castes of
Reticulitermes flavipes, sums up her observations on the
corpora pedunculata as follows: ‘“ The mushroom bodies
differ very little in size, by actual measurement and in the
estimated number of cells. They are largest in the
worker, smallest in the soldier and are intermediate in
size in the sexual forms, although the mushroom bodies
of the true adult are nearly as large as those of the worker.
A comparison of the Reticulitermes ** mushroom body ”
with those of ants and bees shows, as one would naturally
expect, that the termite mushroom body is much more
simple and primitive. This primitive condition isapparent
in the small and uniform size of all the nerve cells
especially in the cell group I; in the presence of three
zones of cells instead of the four found in ants; in the
incomplete differentiation of the two lobes whose cells are
not separated by a deep furrow, as in ants, and whose
two cups or calyces are completely fused by intervening
masses of glia cells; in the shallowness of the cups;
finally in the smaller size of the entire mushroom bodies
and their slight differentiation in the different castes.”
This is in harmony with the archaic Orthopteroid
affinities of the termites, although according to Kuehnle,
the termite brain has considerably larger corpora
. pedunculata than that of the Dermaptera.

In her later papers (1916, 1917, 191g) Miss Thompson
describes the brain and reproductive organs of the sexual
forms as being perceptibly larger than those of the worker
even on hatching from the eggs (Fig. 40). Her interesting
results are summarized in a paper by her and Synder
(xg91g) . “ Thompson (1917) finds that in Reticulitermes
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flavipes the newly hatched nymphs are externally all
alike, but are differentiated by internal structural char-
acters into two clearly defined types, the reproductive
and the worker soldier types, which give rise respectively,
to the three adult reproductive castes and two adult
sterile castes. The two types of newly hatched nymphs
are distinguishable by four structural characters: the
bulk of the brain, the relative size of the brain and head,
the compound eyes, and the sex organs. When the young
reproductive nymphs have attained a length of 1.3-1.4 mm.
other structural differences are observable that further
differentiate them into two kinds of individuals which later
develop into two of the three adult reproductive castes ;
namely, adults of the first form with long wings, and adults
of the second form, with short, scale-like wing pads.
The ontogeny of the third reproductive caste, without
wing stubs or wing pads, is yet to be worked out in
R. flavipes. At a later period in the ontogeny (body
length 3.75 mm.) the worker soldier nymphs differentiate
into two kinds of nymphs which develop into the two
sterile adult castes, the soldiers and workers.” Miss
Thompson and Snyder (1920) also found that the adult
sexual individuals of the first form (royalty) really have a
larger brain than the other castes, that the brain of the
second and third forms is larger than that of the worker
and the brain of the soldier smallest.

Of course, this discovery of the intrinsic differentiation
of fertile and sterile castes in the egg is of unusual interest.
Bugnion (1912, 1913, 1914) described and figured the
soldier of Eutermes lacustris as hatching from the egg as a
nasute, although Knower (18g4) had claimed that the
nasute of E. pilifrons was not differentiated at the time
of hatching. On reinvestigating the matter, Miss
Thompson (1919) concluded that Bugnion must have
mistaken the projecting labrum of the hatching E.
lacustris for the cephalic horn of the nasute! Her
observations on just-hatched nymphs of E. pilifrons,
morio and sanchezi confirm those of Knower, but in her
paper of 1919 she claimed to have detected in thirteen
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species belonging to nine genera of termites the same
differentiation which she had previously found among
hatching nymphs, into two forms, corresponding to the
two series of adult fertile and adult sterile castes. More
recently her results have been seriously questioned by
Jucci (1923) and Heath (1927). The former’s elaborate
study of the neotenic sexual forms of Reficulitermes
Iucifugus led him to support Grassi’s contention that the
hatching termites are all alike and acquire their caste
distinctions as the result of differential feeding. Jucci’s
statements are very positive, not to say dogmatic, and the
portion of his work published to date, though containing
measurements of the brains of the adult winged and
neotenic castes does not deal with the soldiers or their
earliest nymphal stages and is therefore disappointing so
far as the problem under dicussion is concerned. Heath,
after a caretul study, extending over many years, of the
Californian Termopsis nevadensis and angusticollis, is also
very positive that Miss Thompson was mistaken in
believing that there are two structurally recognizable
types among larval termites at the time of hatching. In
fact, ““ measurements of scores of recently hatched young
disclose no differences other than those of ordinary
variation, either in width of head, number of antennal
segments, or size of brain and gonad. The first visible
signs of caste differentiation appear at a relatively late
stage.”” Termopsis possesses no worker caste and ‘' only
soldiers are produced during the first three or four years.
When a normal colony comprises approximately twenty
inhabitants, the first adult soldier is probably in the fifth
instar ; the second, somewhat larger, certainly is in the
sixth. Later, others are produced in the seventh, and
after the reproductive caste becomes differentiated, with
about 450 inhabitants, they are in the eighth. Finally,
in very old communities, some at least, are in the ninth.
The winged insect invariably is in the eighth. No sign of
wings exists until the reproductive caste appears, after
which every member of the sixth, and probably the fifth,
instar possesses small, yet distinct wing rudiments. These
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persist and enlarge in the later stages of the reproductive
caste, and, of smaller size, they frequently occur in the
soldier nymph, and to a less degree in the adult. The
third form adult is probably a sexually mature soldier
nymph ; the second form adult seemingly has the same
origin and, though possessing wing buds, it does not
belong to a special caste.”” Heath has found four fecund
Termopsis soldiers, which differ from those of the typical
form in the smaller and shorter head (Fig. 54). Of one
of these he says: * When this fourth specimen was
discovered it was associated with a very small substitute
male (as subsequent dissection proved), and about 150
individuals of the first four instars together with twenty-
six fully developed soldiers. The colony was located in a
small branch that had fallen from some tree, and evidently
was a portion only of a larger community. This colony,
from which the adult soldiers had been removed, was
placed in a shallow crystallizing dish, and, nearly five
weeks later, the fertile soldier and substitute male were
seen to copulate. Eggs appeared two weeks later, and,
due to close observation on the part of several of my
students, the egg-laying activities of the ‘ soldier ' were
actually witnessed—a phenomenon I had observed some
years previously. The young hatching from these eggs
were carefully examined and, so far as could be deter-
mined, they resembled in all essential respects the first
instar of normal parentage.”

The observations of Imms on Archotermopsis and
Heath on Termopsis indicate very clearly that in termites
each sex was originally represented by two fertile forms, a
winged small-headed form and an apterous or subapterous
large-headed soldier, which was differentiated from the
small-headed type and later became sterile. This view,
which is opposed to that of earlier writers, who regarded
the soldier as a specialized worker, is shared by Emerson
(1926), who states his opinion as follows: “ I hold the
opinion that the soldier caste has developed pylogenetically
from the first reproductive adult and not from the worker
as suggested by Thompson (1917). The evidence for my
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opinion is found in the following facts: 1. Primitive
soldiers are sometimes fertile or approach fertility (Heath,
1903 ; Imms, 1919; Thompson, 1g22). 2. Soldiers are
often found with wing buds which may be pigmented in
the Kalotermitide. None with wing buds have ever been
found in the higher termites, however. I the soldiers
evolved from the third form, how could they possess wing
buds ? 3. The primitive soldiers always possess small
compound eyes and may even possess traces of the
lateral ocelli in some cases. 4. Soldiers are found among
all the primitive termites, even where the worker is
lacking. The only genus which lacks soldiers (Anoplo-
termes) has obviously lost them secondarily as all its
close relatives possess soldiers.” Emerson seems to have
been led to take this view by his rather startling discovery
in British Guiana of the direct transformation by a single
moult of what were obviously functional workers of
Nasutitermes (Constrictotermes) cavifrons into nasute
soldiers. (Figs. 52 and 53.) In this case, of course, the
worker must be interpreted as a differentiated stage in the
life-history of the soldier. Unlike Miss Thompson and
Snyder (1919) and Imms (x919), who regarded the nasute
as a separate caste, Emerson believes it to be a specialized
form of the mandibulate soldier. The process of
specialization is actually shown in the genus Rhinotermes.
‘ The facts indicate that the large mandibulate soldier of
Rhinotermes gave rise to a minor soldier which gradually
developed an elongated labrum for dispersal of the
secretion of the frontal gland, and lost the large mandibles
which gradually degenerated into functionless minute
points. The evolution finally resulted in the establish-
ment of two types of soldiers within the same colony, one
specialized for biting, the other specialized for the
emission of a defensive volatile iquid.”

In conclusion I wish to add some remarks on the
different types of soldiers which are of unusual interest
both among ants and termites. Although they have
arisen independently in both groups they exhibit certain
marked similanities and in both constitute at least
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primarily a defensive or protective caste. While this
caste is universally present in termites, except in the
genus Anoplotermes, where it has been lost secondarily,
it has been definitively developed in comparatively few
genera of ants. And whereas in termites as shown by
Mastotermes, Archotermopsis, Termopsis, Calotermes,
and perhaps Hodotermes, it has preceded the appearance
of the worker in phylogeny, in ants it has as certainly
differentiated out of the more primitive worker caste.
In the latter there is only one general type of soldier, the
mandibulate, which is also very generally developed
among the termites, but in some of the higher Termitide
(Eutermes), as we have seen, this is replaced by a second
type, the nasutus. There is, moreover, a difference
between the ants and termites in that the soldier of the
former differs much less from the cospecific queen and
worker in the size and conformation of the head and
mandibles than do the soldiers of the latter from the
cospecific worker and sexual forms.

Now the methods of defence may be very different in
different species and accordingly we find in both ants and
termites soldiers adapted to particular offices, or
‘“ professions.” In one form, occurring in both groups,
the soldier may use its head for merely occluding, or
blocking the entrance gallery of the nest in order to keep
out intruders. The soldier may, however, and this is the
most frequent condition, have an enormous cranium with
powerful jaws for aggressive attack on invaders. Owing
to the excessive development of the mandibles and their
muscles, which in turn determine the shape, greater size
and hardness of the cranium, these soldiers may also be
utilized by certain species of ants as crushers of seeds or
the harder parts of the insect food, which without this
assistance would be inaccessible to the feeble worker
caste (Pheidole, Pheidologeton, etc.). The soldiers of
some ants (Hingston, 1922) and termites seem also to act
as directors of the foraging commissariat. Many mandi-
bulate termite soldiers and all the nasuti have a large
frontal gland which produces a sticky liquid, or latex,
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that can be projected against and disable their enemies,
especially marauding ants. This gland in certain species,
e.g., in Rhinotermes taurus, according to Holmgren (190g)
and Coptotermes ceylonicus, according to Bugnion and
Popoff (1910) and Bugnion (1914, 1923), is so enormously
developed that it extends back into the abdomen and
occupies a considerable portion of its cavity. Other
singular conformations of the head in soldier termites,
very unlike those of the adult and workers, are seen also
in some mandibulate types, like Capritermes, the jaws of
which are long, narrow, twisted and very asymmetrical
and enable their possessors to leap into the air (Bugnion,
1923).

Very singular is the type of ant and termite soldier
which has the head modified to fit the entrance of thenest
and render the ingress of enemies difficult or impossible.
The only cases known to me among the termites occur in
the genus Cryptotermes (Fig. 41), though the soldiers of
the allied Calotermes use the head in the same manner.
As usual, the modification occurs neither in the nymphs
of Cryptotermes, which function as workers, nor in the
sexual castes, all of which have heads of the ordinary
simple conformation. In ants with soldiers of this type,
the head of the queen is very similarly but less perfectly
adapted. The most familiar examples among the latter
insects are the Camponoti of the subgenus Colobopsis,
several of which occur in Eurasia and North America.
Their head is short, cylindrical and anteriorly sharply
truncated, with the truncated surface, including the
mandibles, circular, indurated and more coarsely
sculptured than the remainder of the body, so that it fits
very snugly into the circular entrance of the nest, which
1s excavated in hard wood, ligneous galls or the stems of
rushes. When a Colobopsis worker wishes to leave the
nest she strokes the soldier’s abdomen with her antennz
and the animated door moves back and as soon as she has
passed out returns at once to its former position. On
returning she knocks with her antennz on the exposed
truncated surface of the janitor’s head and a similar



POLYMORPHISM 189

response permits her to enter. I find this same type of
head in single exotic species of three other unrelated
genera, namely Pheidole (Ph. colobopsis of Brazil),
Crematogaster (Colobocrema) cylindriceps of the Philip-
pines and Epopostruma (Colobostruma) lee of Australia,
all of which probably have much the same habits. There
are also several lignicolous subgenera of Camponotus
(Paracolobopsis, Pseudocolobopsis, Manniella, Neomyr-
mamblys) which exhibit a similar structure of the head
in the queens and major workers. In many species of
Cryptocerus, which live in hard wood, the heads of the
soldiers are broad and shield-shaped, and are also used for
closing the nest entrances.

Very similar adaptions for occluding burrows, etc., are
found not only in a number of other Arthropods but even
in animals belonging to other phyla. In some cases the
head, in others the posterior end of the body is thus
adaptively modified, and in both instances the truncation,
its circular outline and the induration of its integument
are often strangely similar. Thus in larval tiger-beetles
(Cicindelidee) and the burrowing bees of the genus
Halictus, the head is round and plug-shaped, whereas in
other forms, like the bark-beetles (Ipide, Platypodide)
and some carpenter bees (Xyvlocopa), which live in burrows
in hard wood, and in the caterpillars of a North American
moth (Cicinnus melsheimeri, according to Harris (1862))
and an allied South American moth (Perophora sanguino-
lenta, according to Sharp (18qg)), which inhabit tubular
cases made of leaves, the posterior end of the body is
more or less truncated, hardened and spinulate, Similar
modifications of the head are also seen in some tubicolous
Annelids (Maldanide, Amphictenide), and Barbour
(1926) and Dunn (1926) have described certain toads
(Bufo empusus of Cuba) and tree-frogs (Hyla lichenata of
Jamaica) which occlude their burrows with their hard,
peculiarly modified heads. Still other cases, in which the
posterior end of the body is similarly adapted are the
small armadillos of the genus Chlamydophorus, certain
Uropeltid snakes, according to Barbour, and the Mexican
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spider Chorizops loricatus (Fig. 42), which instead of
making a trap-door like the allied species, closes its burrow
with the sharply truncated and corrugated tip of its
abdomen. Hentz (1875) long ago called attention to a
similar habit in a related spider from the Southern States
(Cyclosoma truncatum).

Since there 1s no general term to cover all these peculiar,
sporadic and convergent modifications of the ends of the
body for closing tubular cavities, I have suggested the
word ‘‘ phragmosis,” from ¢payuds, a fence or barricade.
From the evolutionary and behaviouristic points of view
the phenomenon, as one of the most striking and effective
methods of protection and defence, would seem to deserve
more careful investigation than it has received. The
phragmotic insect, instead of secreting or constructing a
stopper, like the operculum or epiphragm of snails and
the earthen or silken barricades or doors erected at the
entrances of their burrows by ants, wasps and trapdoor
spiders, actually employs for the purpose a specialized
portion of its own body, thus affording a proof that no
hard and fast line can be drawn between behaviouristic
activities on the one hand and physiological and morpho-
genic processes on the other. The phylogenetic develop-
ment of phragmosis is obscure. The ants and termites,
at least, seem to show that it cannot have arisen as a
sudden, saltatory variation, or mutation, but must have
developed gradually, since we have among many
lignicolous Camponoti and species of Calotermes various
approximations to the perfected conditions seen in
Colobopsis and Cryptotermes. I have dwelt on the
sporadic cases of phragmosis, because they show very
clearly the adaptive character of at least one of the
soldier types among ants and termites and therefore make
it seem probable that this caste has not arisen as a sport,
or mutation. The significance of this statement will be
shown in the next lecture.



VIII
POLYMORPHISM (continued)

WHEN we turn from the facts of polymorphism as
ascertained by observation and experiment to their
interpretation we at once find ourselves involved in the
physiological problems of ontogeny and growth, of
phylogeny, or evolution and of behaviour, or the activities
of the organism—in fact in all the really fundamental
biological problems. For there is no a priors reason to
suppose that the development of the castes among social
insects requires any new or unusual explanation since
intelligent behaviour, which plays a réle so considerable
and so unique in the interpretation of human societies
and gives such scope for diversity of opinion among
sociologists and philosophers, is so feeble even in the social
Aculeata as to be quite negligible in comparison with
their physiological and instinctive activities. In my
paper on polymorphism, published in 1907, I endeavoured
to treat the subject from a number of points of view,
but here it seems best to reduce the problem to the
alternative between predetermination and epigenesis.
This problem, as is well known, has long divided biologists
into two camps comparable to those among philosophers,
who are either Platonists or Aristotelians, idealists or
realists, nativists or empiricists, instinctivists or environ-
mentalists, etc. The morphologist, primarily an observer,
naturally inclines more to the predeterministic, the physi-
ologist, primarily an experimentalist, to the epigenetic
view. Each tends to a one-sided interpretation of the
facts, and both, we are now convinced, are right—there
is predeterminism and there is epigenesis in organic
development, but there is still abundant opportunity for
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divergent opinions on the scope of the two factors in
any particular case. In fact, present day geneticists
and physiologists are nearly as widely separated as
were the old preformationists, or evolutionists and the
epigenesists.

The difficulty of deciding as to how far differentiation
of the two or three female castes of the social Aculeates
and the five or more castes of termites may be intrinsic
or predetermined in the egg or as to how far it may depend
on extrinsic conditions, arises from the fact that the castes
develop only in a very special and, to use Child’s term
(1924), ‘‘standardized ” environment, which cannot
readily be brought under experimental control. They
are, indeed, produced only in living societies, whose
activities are so multiform, so interdependent and so
exquisitely equilibrated that the various factors can be
isolated only in thought. Even the maintenance of
colonies for considerable periods of time under artificial
conditions is far from easy, and the small size of the
insects presents almost insuperable obstacles to a physio-
logical inquiry into many of their activities with our
existing methods. All their subtle, intimate and
significant behaviour, moreover, normally takes place in
complete darkness, and even the letting in of the amount
of light requisite for observation is a very disturbing factor.
Nevertheless, in our search for the causes of caste
differentiation, we may exclude from the outset such
extrinsic factors as temperature, moisture, and darkness,
not because they are inoperative, but because they act
uniformly on all the castes in their various ontogenetic
stages. It is obvious, moreover, that the -efficient
extrinsic factors must emanate from the adult worker
caste, because in all social insects, after the colony is
established, it is not only far and away the most numerous
in individuals but is exclusively concerned with the
acquisition and distribution of the food and the education
of all the castes, its own, of course, included. Hence the
differentiating factors if not blastogenic, or in the eggs,
must be trophogenic, or due to differences in the nutricial
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behaviour of the workers which determine the social
medium. But even with these restrictions the problem of
polymorphism still retains an exasperating complexity,
since there are at least six possible interpretations, which
may be formulated as follows :

(1) The eggs are all alike and the sexual, worker and
soldier castes are differentiated or produced by the social
medium by means of larval feeding (Grassi, Marchal,
and all melittologists).

(2) The various castes are predetermined in different
eggs but the predetermination is so feeble, or so in-
completely established, that the feeding of the larva
may reverse or abolish it, with results essentially like those
of (1) (Bouvier).

(3) The castes are predetermined as such in the eggs,
i.e., each caste develops from a different kind of egg
and the trophic influence of the social medium has no
morphogenetic but at most a quantitative (megetic)
effect in determining stature (Bugnion, Thompson, Imms,
etc.).

(4) The castes are predetermined to the extent that the
eggs are all alike, but each has either

(a) a set of ids, determinants or genes which may be
activated by a particular kind of food and thus
produce a specific caste (Weismann), or

(b) differential susceptibilities, or potentialities,
which may react specifically to a particular
kind of food. (Emery, O. Hertwig.)

(5) The castes may be blastogenic (3, 4) in some groups
of social insects, and trophogenic (1, 2) in others.

(6) Some of the castes in the same species may be
blastogenic, while others are trophogenic.

You will observe that the distinctions between these
possible interpretations are rather subtle, especially in
rggard to the nature of the blastogenic determinations.
Since they must be biochemical and physiological and are

13
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still unknown, I shall not waste your time in discussing
the essentially morphological hypotheses that have been
advanced by geneticists to account for them, hypotheses
which are, in my opinion, essentially revampings of
Weismannian fallacies and at best photographs of the
problem in pseudo-mathematical language. All we really
know is that the egg of any species of organism has a
specific colloidal constitution and gives rise to an
organism determined in part by that constitution and
in part by the action of the medium in which it always
lives and develops. And although eggs of the same parent
undoubtedly differ more or less in their constitutions, it is
equally certain that the precise nature of the differences
has not as yet been revealed to our too statically and too
morphologically minded geneticists. Let us therefore
turn to the extrinsic factors or methods of larval feed-
ing, which though extremely diverse, nevertheless
admit of a certain amount of direct observation and
experiment.

Obviously larval feeding can be distinguished as either
quantitative or qualitative, and it has been usually
assumed that the former effects only growth in size, or
stature whereas the latter may determine morphological
differences. If we take nutrition in a broad physiological
sense, we may distinguish foods that are utilized merely
in the metabolism of growth, maintenance and replace-
ment and those which have a stimulative or excitatory
effect on the metabolic processes. The latter, even in
extremely minute quantities, like the vitamines and
hormones, may be decidedly morphogenic. On the other
hand, qualitatively different foods may have no appreci-
able effect on form differentiation, and in plants pro-
nounced morphological differences may result from
quantitative differences in food as in the various forms
of leaves on shoots of different vigour. Although it is
difficult to find similarly unequivocal examples in animals,
they probably occur. It should be noted, furthermore,
" that it is not the food administered that is effective but
that which is actually assimilated and, as we all know
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from experience, this depends on the physiological state
and appetite of the organism.*

That differences in the quantity of food consumed by
the larva affect the size of the imago is known to all
entomologists. Weismann (1892) reared blowfly larve on
different amounts of food and obtained very small, but
fertile individuals. Whether they actually laid as many
eggs as unstarved individuals seems to be doubtful.?

Similar experiments have been performed by Herms
(1907) and Whiting (x914) on flies and by Nelson and
Sturtevant (1924) on honeybees. Popovici-Baznosanu
(1910a, 1910b) succeeded in rearing bees of the gemus
O:smia about one-sixth normal size by leaving them only
small portions of the bee-bread which their mothers had
stored with the eggs. These examples illustrate a very
general ability of starving insect larvee to producedwarfed
but otherwise normal adults. A much more remarkable
resistance to starvation was shown in Wodsedalek’s
experiments (1917) with Trogoderma tarsale, a common
pest in museums. He succeeded in keeping the larve of
this beetle alive for five vears and nearly two months
without food. During that time the full-grown individuals
(8 mm. long) gradually became smaller and smaller till
they reached practically their size at hatching (about
1 mm.) when they had only about one-six-hundreth of
their original size. When fed these reduced larva again

I *“ Those who have reared animals will have observed that the young
hatched from the same batch of eggs do not grow uniformlyv though
they may be living in the same medium, breathe the same air and
receive the same food abundantly. This has impressed me especially
in breeding axolotls; certain larvee grow conspicuously and soon
become vigorous specimens, while others remain small and weak and
others pine away and die. These differences are due in part no doubt
to defective aquarium conditions which affect different individuals
differently. But the same facts are observable in all other cultures,
whether of fish, amphibians or insects. The most successful individuals
are the most voracious, those that eat mosi or have the best digestions
and therefore the best appetite’’. (Emery, 1896.)

? Ezikov (1926) claims to have demonstrated that in blowfly larvae
“insufficient food brings about a decrease in the number of ovarian
tubules because the parts of the ovary are quantitatively reduced
in the pupa”. And Reynolds and Macomber {1g212, 1921, 1923)
ﬁn?i that starvation has a tendency to produce sterility even in rats
and man.
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began to grow. “ A number of the larve which were
half grown when placed under starvation for the first
time, have through alternating periods of ‘ fasting and
feasting * attained that size three times and are now on
the way to their fourth ‘childhood,” and even some of
the large specimens have started dwindling down to their
third ‘childhood” after having twice attained the
practically maximum larval size.”” Although there is
nothing like so great a resistance to starvation in the
larvae of the social Aculeata, there are cases of an extra-
ordinary ability to pupate precociously on a very small
amount of food. Thus in certain ants of the genera
Dorylus and Carebara (Fig. 72) the minute worker pupa
are several thousand times smaller than those of the
queens. By whatever means these differences may be
determin-3, it is certain that the mere quantity of food
administered to the larva must be an essential factor in
their attainment.

It is well known that the social Vespidz feed their
larva with pellets consisting of malaxated insects moistened
with saliva or other oral secretions. There is some doubt
as to whether honey is fed to the larva even by the wasps
which habitually store it in their combs. But the
malaxated soft parts of insects must be of very unequal
food value. The differences between the workers and
queens are so small and intermediate forms are so
numerous that quantitative feeding would probably
account for their production. The normal sterility of
the workers seems to be due to acceleration of the
development of the somatic and retardation of the
reproductive tissues, a condition the reverse of neotenia,
probably due to precocious pupation and therefore of the
nature of prothetely. The ovaries of the workers are
inhibited but not aborted and may produce viable ova
if the adult insect be able to obtain sufficient food and does
not undergo nutricial castration as the result of over-
indulgence in nursing. The queen wasps undoubtedly
arise from the larvae which are most abundantly fed. In
the social Vespida, therefore, there would seem to be no
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reason to appeal to qualitative differences in larval
feeding to account for the feeble dimorphism of the
female sex.

Caste development in the humblebees, notwithstanding
the great difference in the quality of the food, is so similar
to that of the Vespida that we should naturally expect
the causes to be similar and to be merely quantitative.
In the honeybees and stingless bees, however, the matter
is more complicated. Most authors seem to assume that
the somatic differences between the queen and worker
honeybee are directly determined by qualitative differences
in larval feeding, but comparison with the Meliponine
suggests that the differences in food primarily affect the
fertility of the two castes and that the somatic differences
depend on or are correlated with the development of the
ovarian tissues. Silvestri (1go2) and H. von Ihering
(1903) showed that there are two different conditions in
the Melponinz. In Melipona the cells in which the males,
queens and workers are reared are all alike and of the
same size. They are provisioned with the same kind of
food, pollen and honey, and an egg is laid in each. They
are then sealed up, and although the larvae are not fed
from day to day as in the honeybee, but like those of the
solitary bees subsist on stored provisions, their uniform
treatment nevertheless results in the production of two
sharply differentiated female castes. But on emerging
the queen Melipona has very small ovaries with immature
eggs. In the species of the allied genus Trigona, however,
which differ from the Melipon®z in constructing large
queen cells and in storing them with a greater quantity
of honey and pollen than the worker cells, the queen
emerges with her ovaries full of ripe eggs. These facts
would seem to indicate that the large size of the queen
cell and its greater store of provisions are primarily
adaptations for accelerating the development of her
ovaries. In the honeybee we may, perhaps, adopt a
similar explanation for the feeding of the queen larva
with a peculiar substance, the ‘‘ royal jelly.” It has long
been known that the larve of queen and worker honeybees
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are fed on different substances after the first two or three
days of their postembryonic lives.  After that time the
worker larva is given pollen and honey, whereas the queen
larva receives a peculiar pap, the “ royal jelly *’ which was
by Schiemenz (1883) regarded as a salivary secretion of
the worker nurses but by von Planta (1888) and Schénfeld
(1897) as partially digested food regurgitated from the
clylific stomach. More recently Metzer (1910) and Zander
(x911) have shown that the structure of the proventriculus
is such as to preclude regurgitation of the stomach
contents, so that the royal jelly must be regarded as a
salivary secretion (see also von Buttel Reepen, 1915,
Nelson and Sturtevant, 1924, and Lineburg, 1924). The
queen emerges in about sixteen days from the time the
egg is laid, whereas the worker, though a smaller insect
and possessing imperfect ovaries, requires four or five
days longer to complete her development. That this
interpretation of the queen’s development is correct is
also indicated by the fact that she may lay within ten
days of the date of her emergence. It would seem
therefore that the qualitative feeding of the queen larva
is not primarily concerned with morphogenesis but with
the growth of her gonads. She differs from the worker
in certain degenerative characters, such as the shorter
head and tongue, shorter wings, simplified hind legs,
absence of certain salivary glands, etc. These deficiencies
may perhaps be the results of ovarian hypertrophy,
according to Emery’s law which will be discussed later.*

T Jucci (1924, p. 221 nota), in an interesting discussion of the effect
of saliva on caste differentiation in the social insects, states that
Aeppler (1922) found cystine in unusually large amounts among the
protein components of the royal jelly, and that “* in bees, according
to Bishop, this salivary nutriment may eliminate the factors that
inhibit the development of the reproductive organs, factors which may
consist in an excess of certain proteins.’”” Pezard (r919), who seems to
be of the same opinion , says & prapos of the alimentary castration of
hens fed exclusively on flesh : * The exclusive flesh diet produces in the
organism a slow intoxication to which the reproductive glands are
particularly sensitive and in consequence of which they may gradually
atrophy and not develop’’. Jucci cites also several other cases from
which one might infer that the ovaries of worker honey-bee larvae
may be inhibited by a diet too rich in proteins {pollen), whereas in the
queen larva the cystine in the royal jelly may counteract the inhibitory
action of such proteins and permit the ovaries to develop. He adopts
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Experimental bee-keepers have repeatedly demon-
strated the fact that an egg or young larva transferred
from a worker to a queen cell where it is fed on royal
jelly, or saliva, becomes a queen. The experiments have
been more recently repeated by Klein (1go4) and von
Buttel-Reepen (1911). The latter cites Klein's results as
follows : “ If a larva half to one or one-and-a-half days
old be taken from a worker cell and placed in a queen cell,
a perfect queen will develop from it, since up to that time
the worker larva has been given the same kind of food.
But if the same experiment be performed with larve
two-and-a-half to three-and-a-half days old, there is a
certain small difference, the resulting queens being
slightly smaller and the legs, which are always paler in
the queen than in the worker, being spotted with black,
especially the hind tibie, where there is in the latter caste
a concavity, thecorbula. . . . Butinlarvathat have
remained in the worker cell about four-and-a-half days
and are then transferred to queen cells, there is a decided
difference (i.e., they are more like workers) owing to the
effects of the larval food which for the queen has a
different composition after the second day.” Klein also
transferred a one-half to one-and-a-half day old larva from
a worker to a queen cell, left it in the latter two days and
then transferred it back to the original cell where it was
fed as a worker for one-and-a-half days more. The
emerging adult had very pronounced worker characters,
although the hind legs had shorter hairs and were
shaped somewhat more like those of the queen. There
can be little doubt that by wvarying these feeding
experiments it would be possible to produce artificially
a finely graded series of annectant forms between the

a similar interpretation for the development of the termite neotenics.
It would not account for the conditions in Trigona unless we suppose
that a considerable amount of saliva is mixed with the pollen and
honey stored in the large queen cells. According to Ezikov (1927),
9. A. Koschewnikow has shown that the pupa of the worker honevbee

suffers a regressive metamorphosis of its ovaries, owing to the

fact that most of the tubules, which are present at this time,
degenerate *’,
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typical worker and queen, comparable to the series
which is normally present in the colonies of wasps and
humblebees.

In the ants it has been impossible hitherto to demon-
strate a precise dependence of caste differentiation on
food, because these insects not only themselves eat such
a variety of substances but also feed them to all but their
youngest larve. The substances range all the way from
portions of the most diverse insects to the softer parts of
seeds, the nectar of plants, the saccharine excreta of
aphids, coccids, etc. and the hypha of fungi. Some
species are exquisitely entomophagous, others largely
aphidocolous or coccidophilous, others exclusively
mycetophagous and a few, like Solenopsis geminata,
might be called omnivorous. And yet notwithstanding
all this variety of nutriment and apart from certain
exceptions due to parasitism, the whole family exhibits a
uniform female dimorphism or pleomorphism. The
following examples will make this clear :—

The larve of the tropical subfamily Psendomyrminz
(Fig. 43) as I have shown (1918, 1920, 1922, Wheeler and
Bailey, 1920), are peculiar in possessing just back of the
mouth on the ventral surface of the first abdominal
segment a pocket, the trophothylax (f), in which the worker
nurses place the food consisting of a pellet (pe) moulded
in their own infrabuccal pocket. This pellet is really
refuse and is made of triturated fragments of insects,
from which the juices have been extracted by the worker,
plus the fungus spores, pollen grains and other particles
of detritus combed from her body by means of the strigils
on the fore feet. The ants of other subfamilies cast the
pellet away as worthless, but the Pseudomyrminz are
so parsimonious that they feed it to their young. It is
precisely as if we had attained to such a degree of house-
hold thrift that we fed our children exclusively on the
contents of the garbage-pail, dust-bin and bath-tub.
Although such a method of feeding must preclude any
qualitative regulation of the larvaldiet, there are distinctly
marked queen and worker castes, though of nearly the
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Fic. 44. Vertical section through the center of a nest of the Argentinian leaf

cutter, .Atta vollenweideri, showing the chambers containing the fungus-gardens
{Photograph by Dr. Carlos Bruch.)
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Fic. 45. Portion of nest of Ata vollenwesderi shown in Fig, 14 more enlarged to
show the sponge-like fungus-gardens in sifw in the chambers.
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The feeding of ant-larve with regurgitated liquids
has been observed by a number of myrmecologists {Miss
Fielde, 1gor, Newell, 1909, Newell and Barber, 1913,
Emery, 1918, myself and others) and in some species
(Dolichoderinz, Formicinz) this may, perhaps, be the
only method employed. In many Ponerinz and some
Mytmicinz (Aphnogaster) and Formicina (Lasius) the
larvae may be given crude pieces of insects and those of
Messor and Pogonomyrmex fragments of seeds. But the
very youngest larve are always fed on regurgitated food
and Emery’s observations indicate that at least the older
queen and soldier larvae are similarly treated. The
composition of the regurgitated liquid, however, is not so
easily ascertained. It may consist of saliva or liquid food
from the crop or a mixture of both. There is one instance
i which we know that the larve are fed throughout their
larval life with pure saliva and that is the first brood of
the colony-founding queen. Although she may take no
food for eight or nine months after leaving the maternal
nest for her nuptial flight, she is able nevertheless to bring
up a brood with her saliva alone. But this brood com-
prises only a few individuals, which are, moreover, always
small and always workers! Here the salivary diet
certainly does not produce soldiers or queens and the
diminutive size of the brood and of its members shows
that the quantity of the food may be more important than
its quality.” That the conditions are not due to some
constitutional incapacity of the queen is proved by the
fact that in the parasitic ants whose queens lay their first
eggs in the colonies of other species, the stature of the
emerging adults is not diminished, since they are
adequately nourished during their larval stages by the
host workers.

The intimate dependence of the differentiation of the
queen and worker castes on food is beautifully shown in
the growth of all Aculeate colonies that are established by
single queens. The first brood always consists of small
workers, those of succeeding broods gradually increase in
size, and only after the largest workers have appeared are

! These statements now need considerable qualification, owing to
the researches of Mever (1927), who finds that the recently fecundated
queens of several ants (hotably Messor structo?) while establishing their
colrmies not only devour many of their own eggs but alsb feed them
to their first brood of larvee. More observatioss are needed, however,
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the queens produced. This is most clearly shown in ants
with polymorphic workers, like Atta, Pheidole, Pheido-
logeton, Camponotus (Fig. 47), etc. Pricer (1908) has
investigated the growth of Camponotus pennsylvanicus
colonies with the following results : The workers of the
first brood are of the very smallest type (minima workers)
and the largest, or maxima workers are not produced till
about the third year, when the colony comprises about
goo to 1,200 individuals. The queens and males do not
appear till the third to sixth year and not till the worker
population reaches 2,000. A very similar slow succession
of small workers, large workers, soldiers, neotenics and
royal forms is also observed in the growing colonies of
termites. The phenomenon is so constant and so
obviously dependent on the gradual improvement of the
trophic status of the ant and termite colony as to furnish
one of the strongest arguments in favour of the trophogenic
hypothesis of caste differentiation.

Apart from observation of the feeding of ant larvae
and experiments in rearing them under controlled con-
ditions, there is also a third method of attacking the
problem under consideration, namely by observing the
efiects of certain parasites of the individual larva and the
disturbances introduced into the trophic behaviour of the
colony as a whole through the presence of certain
myrmecophiles. Four examples of such ‘“ experiments
of Nature " may be briefly described :—

In my second lecture I dwelt on the Eucharine
Chalcidids, whose planidium larve when introduced into
ant nests, settle on the larvee or semipupa and suck out
their juices. In the case of Orasema viridis (Fig. 6),
which I observed in Texas (19074) infesting colonies of
Pheidole instabilis, the planidia attach themselves to the
neck of the larva or semipupa and after withdrawing
sufficient nutriment, like so many leeches or vampires,
and attaining their own semipupal stage, drop off and
complete their development as independent organisms.
The affected ant larva or semipupa is not killed
immediately but may actually pupate though it is unable

before this practice, which had previously been Cbserved by J. Huber
(1903), in the large {urtus-growing At/a sszdrns of Brazil, can be
regarded as géneral among the formicide.
[
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Plate XXIX.

FiG. 46. Pendent Fungus-garden of a small species of Trachymyrmex from Panama,
removed from the fungus chamber, but still attached to a rootlet. Natural
size. (Photograph by D. Fairchild.) (See p. 201.)

F1c. 47. Queen of a carpenter ant, Campomotur pemnsylvamicus, with incipien
colony in abandoned cocoon of Rbagisew lineatwm under pinE: bark. Sli;hxl\r'

enlarged.

[ face p. 204
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winter hosts and cannot therefore interfere with the
normal development of their brood.

It will be seen that unlike Orasema and Mermis,
Lomechusa is not a parasite on or in the individual larva
of its host, but a predatory symphile, or social parasite,
which acts primarily on the threptic, or brood-rearing
behaviour of the worker personnel, causing it either to
neglect the queen larva or actively to alter the normal
method of feeding thermn. Wasmann has shown that these
effects may persist in sanguinea colonies long after the
disappearance of the parasites as a proclivity of the
workers to keep on rearing pseudogymnes till the colony
succumbs as the result of a veritable social malady.
Viehmeyer (1go4) has demonstrated experimentally that
the production of pseudogymes is really due to a
parasitically induced modification of the worker behaviour
and not to some pathological condition in the eggs laid
by the mother queen. In one of his sanguinea colonies
the production of pseudogymes continued for three years
without the presence of Lomechusa. During the fourth
year he separated the mother queen from her workers
and succeeded in bringing about her adoption by a body
of workers from a colony that had never been infested by
the parasites and had therefore never acquired the habit
of rearing the anomalous forms. The fresh worker
personnel forthwith reared the larva that hatched from
the queen’s eggs as normal individuals.

When ants themselves become parasites in the colonies
of other ants, the behaviour of both species is necessarily
modified, because the social environment of each is altered.
Leaving a fuller consideration of this matter for a future
lecture, I will give only one example which shows that the
modifications of the threptic behaviour of the parasites
may be reflected in the structure of their queen and worker
personnel. Years ago (1goic, 1go3c¢, 1907¢) I found in
the hills of New England and later in the mountains of
Colorado a small ant, Leptothorax emersoni, which is
always associated with a larger Myrmicine, Myrmica
canadensis. The Leptothorax inhabit small chambers
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near the surface of the Myrmica nest and connect them by
means of tenuous galleries with the chambers of their
neighbours. The Leptothorax workers spend much of
their time in the Myrmica nest where they keep mounting
the backs of the workers and assiduously licking their
bodies and especially their heads and mouthparts. The
Myrmicas seem greatly to enjoy these attentions and
from time to time reward their little riders with droplets
of regurgitated food. But while the Leptothorax
arrogate to themselves the right to mingle freelv with the
Myrmicas and to flatter them into regurgitation, they
resent the intrusion of the latter into their own habitations
and insist on bringing up their brood in perfect seclusion.
Owing to the abundance of food thus received and possibly
to the large amount of saliva it contains, the Leptothorax
brood produces an enormous proportion of forms inter-
mediate between the winged queen and regular worker
caste. One of my former students, Miss Margaret
Holliday (1g9o3), from a careful studv of one thousand
specimens of L. emersoni, was able to distinguish no less
than eleven different forms, grading down from the
winged queen to the smallest worker, or micrergate.
Dissections of the reproductive organs showed that ““ all
eleven types possessed well-developed ovaries, containing
mature eggs; they had from two to four tubules on a
side ; the number of eggs in each tubule varied both on
the two sides of the same ovary and in the ovaries of
different individuals of the same type, as al<o in those of
different types. All the specimens dissected had better
developed ovaries than the queen. Everv individual
dissected, except two, possessed the receptaculum
seminis.” Although similar transitional forms between
queens and workers are known to occur in some non-
parasitic species of Leptothorax, they are always rare.”

T Miss Holliday observed that ‘" in Lepththorar lomgispinosus Rog.
L. curtispinosus Mayr, L. obturator Wheeler and L. canadensis Prov.’
the sexual phases are represented by males, queens, macro- and micro-
ergates. No ergatoid females were found in these species. Among
L. canadens:s one tri-,one bi-, and one uni-ocellate worker were present.
The queens and workers possessed a single tubule on each side. No
receptaculum seminis was present’’. Wasmann (1895), however,

14
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Their extraordinary frequency in L. emersoms must, I
believe, be attributed to the unusually favourable trophic
conditions under which the larva are reared. Evolution
in this case might be expected to lead eventually to a
complete elimination of the sterile worker and a return
to two very similar fertile types of female, one winged
and migrant, or colony-founding and one apterous and
combining the fecundity of the queen with a behaviour
more like that of the worker. The foregoing examples
will suffice to show that in the Formicide the female larva
is much more plastic than that of the social wasps and
bees. This 1s obvious, of course, also from the greater
number and more pronounced differentiation of the
female castes in many of the genera and species.

Before passing to other matters, attention may be called
to Emery’s (1904, 1921) and Viehmeyer's (1923) two
principles, or laws of larval and prepupal development
among ants and other metabolic insects. Emery formu-
lated his law, which he calls that of the ‘‘ antagonism
between head and abdomen,” as a result of his study of
the mermithergates, as follows : ‘““ The principal function
of the larva is to accumulate provisions in the form of the
fat-body for the labour of metamorphosis and to prepare
the rudiments of the imaginal disks and internal organs.
These rudiments lend themselves to the competition which
arises during the prepupal stage when the ant’s body is
differentiated into head, thorax and abdomen. The
organs essential to life, notably the intestine, which is
situated in the abdomen, have the preference and the
head and thorax divide what remains (small-headed
workers). If the provisions are more abundant, the
imaginal disks of the head, which are most voracious,
attract the surplus to themselves (large-headed workers,

found microgynes and numerous ergatogvmic ‘‘ Mischformen ™ in
one colony, of L. acervorum, and Adlerz (1334), Wasmanan and Stumper
(rg21) have observed crgatogvnes in Formicoxenus nitidulus. The
latter lives asa guest-ant in the nests of Formica rufa, and L. acervorum,
like our North American canadensis, which is usually regarded as a
subspecies of aeriorum, often nests very near, i.e., in plesiobiosis,
or parcecism with other larger ants.
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soldiers). Finally, if the provisions are very abundant,
the rudiments of the ovaries and imaginal disks of the
wings intervene and the thorax and abdomen grow at the
expense of the head (winged female.)” Undoubtedly
this law has considerable value as a general description of
the ontogeny of the various castes, not onlv in ants but
also in the honeybee and the termites. It is, however, a
special and rather striking case of the more gcneral
phenomenon which Child (1g24) calls the ““ axial gradient "
and its reversal. The tissues of the prepupa exhibit a
differential in the localization of growth, which in the
soldier and worker major is anteroposterior and in the
queen posteroanterior. In both cases the decrement is
steep. In Child’s language, the axial gradient of the
soldier and worker major is the reverse of that of the
queen, and he would, perhaps, say that the feeding of
certain larve may fail to alter the original gradient, in
which case they would produce queens, or that it may be
reversed, in which case, according to the strength of the
determining factors, a soldier would result. In the small
worker the anteroposterior decrement is feeble. All this,
too, is merely descriptive and preliminary to ascertaining
the actual metabolic processes of which we are still
ignorant.

Viehmever’s law might, perhaps, be regarded as an
application of the gradient conception to phvlogenv as
well as ontogeny. He regards most of the organs of the
female ant as being in a state of flux, or instability, but
divisible into three categories, those which are relativelv
fixed, or stable, those tending to a maximum development
and those which are on the road to atrophyv. His law
applies to the two latter organ categories which alone are
influenced by larval feeding and asserts that there is a
tendency to accelerate both of these processes in poly-
morphism. Hesays: “ It seems to me that a long series
of irregularities in the disappearance of female organs
and in the acquisition of worker characters may be
understood as an acceleration or retardation of their
development. On the same principle we might also,
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perhaps, explain most of the differences, so far as they
imply a nondevelopment of organs, between small and
large workers and between true workers and soldiers.”
The specific examples cited by Viehmeyer are the very
rapid disappearance of the vestigal mandibular teeth in
male ants (Formica) and of the vestigial eyes of workers
(Lastus flavus and myops) under unfavourable trophic
conditions of the colony.

Ezikov (1926) has recently shown that the ovaries of
worker and queen ants are more interesting plastic organs
which react with acceleration or retardation of develop-
ment to trophic stimuli applied during the early larval
stages. It has long been known that worker ants have
fewer ovarian tubules, or ovarioles than their cospecific
queens and that the number of ovarioles is roughly
proportional to the size of the individual worker. Thus
in Formica rufa there are only two tubules in each ovary
in small, four or five in medium and six in the largest
workers. In Camponotus herculeanus the number varies
from one to five in a corresponding series of individuals.
In the young stage of the larva the higher number is
indicated by divisions of the embryonic organ but
artificial starvation may reduce it to the forma‘ion of a
single tubule. This reduction, apparently, takes place
only if starvation occurs before the ovary has pro-
gressed beyond a certain point in its differentiation.
After this period the full number of tubules may be
developed as in unstarved larve. In the workers of
certain ants (Tetramorium cespitum) the ovarial rudiments
may be entirely suppressed by starvation, so that the
insect is sexless. These results are significant in con-
nection with Koschevnikow’s observations on the ovaries
of worker honevbees (see p. 199 note). In this case, how-
ever, the suppression of ovarioles occurs during pupal life,
whereas in ants it is carried back into the larval stages.

Within recent years the active discussion of caste
differentiation in the social insects has shifted from the
Aculeates to the termites. Grassi concluded that hatching
termites all have the same constitution and that the castes

[y
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are the result of qualitative feeding. The feeding of
saliva to the nymphs during their early instars accelerates
the development of the reproductive organs so that fertile
sexual forms of the first, second and third forms result.
Those of the second and third forms are neotenic because
the development of their somatic characters (wings, eyes,
pigmentation, etc) are simultaneously inhibited The
question of castration by the protozoa in the hind gut has
proved to be an unnecessary complication, since it has
been shown that they are not parasites but wood-digesting
symbionts (Cleveland), which would naturally disappear
from the intestines of individuals nourished with saliva
only. The workers and soldiers are forms inhibited both
somatically and sexually by a constant diet of wood,
either crude or partially digested, and faces. This
conception of caste differentiation in the termites has been
accepted by Feytaud, Wasmann (19o08a), Heath, Escherich
Jucci and others. It is also accepted by Holmgren (190q),
but he believes the production of fatty exudates from the
skin to be the stimulus that determines the differential
feeding of the various individuals. All the larval stages
and all the castes produce exudates but in very different
quantities. The quantity, and possibly, also to a degree
the quality of the exudates, ““is the object of an amical
selection. The individuals which produce more exudate,
receive more food, and their exudate tissue therefore
increases, since the adipose tissue stores the superfluous
food and gives it off in the form of exudate. Now when
the so-called indifferent larve hatch from the termite
eggs, some of them may receive a little more food from the
very beginning. These larvae being better fed, secrete a
somewhat larger amount of exudate than the others and
this may signify for them a different development than
that of the larva which are more poorly nourished, so that
they appear in the next instar as so-called ‘small-headed’
larve, whereas the poorly fed individuals moult as
‘large headed ’ larva. The ‘small-headed’ are the
larvae of the sexual, the ‘large-headed’ those of the
sexless individuals.” Holmgren believes that the further
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differentiation of the former into workers and soldiers
and of the latter into neotenics and royal forms is also
due to quantitative and qualitative differences in exudate
stimulation.

Very different are the views of Bugnion, Miss Thompson
and Snyder, and Imms, who regard the castes as blasto-
genic, or as predetermined in the egg. Bugnion’s
observations on Eutermes are, as we have seen, very
doubtful, to say the least. Miss Thompson and Snyder
admit that hatching termites are all alike externally but
claim that they are internally distinguishable as two types
differing in the size of the brain and reproductive organs
and that their further differentiation as definitive castes
is also due to intrinsic, or blastogenic and not to extrinsic,
or nutritional factors. They therefore regard the castes
as mutations, comparable to those detected by De Vries
in Oenothera, and are inclined to interpret polymorphism
as a Mendelian phenomenon. But it is obvious that the
Mendelian behaviour of the castes can be proved only by
experimental breeding. This should not be impossible
in view of the fact that there are three fertile castes and
possibly a fourth if we include the soldiers, which in the
lower termites occasionally produce offspring.” Here the
matter rests for the present and we can only cry, like the
dying Goethe, for more light.?

I We have already seen (p. 184) that Heath's recent paper (1927)
supports the earlier views of Grassi and calls for a re-examination of
Miss Thompson’s investigations.

Silvestri (1901) describes also fertile gynacoid workers (possibly
third form adults ? ) in a South American termite.

2 The contrast between the blastogenic and trophogenic interpre-
tations of caste development in the termites is clearly expressed by
Jucci in the following passage : '* The researches of Miss Thompson
have contributed greatly to our knowledge of the termites and have
brought out two important facts : * Two important facts, which apply
to all the termites here described, should be borne in mind ; first, that,
together with certain extermal characters, such as wings, there is a
correlation in the size, structure and degree of development of the brain,
the eyes and the sex organs; second, that, in general, in whatever
castes are represented, there is a gradation in the size of these organs,
from the first form down to the worker or soldier (19z0)
this gradation of structure possibly representing different degrees of
ancestral mutations. On the other hand, certain types possess
characters peculiar to themselves, which may represent progressive
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If my contention is correct that polymorphismoriginated
and developed independently in the various groups of
social insects, and if, as seems probable, they are of very
different geological age, we should expect the castes which
first arose as functional, i.e., behaviouristic and physio-
logical results of a division of labour and only gradually
acquired their morphological differentiation, to differ with
respect to their hereditary determination in the germ
plasm. While there seems to be little doubt that in the
two recent groups, the social wasps and bees, the feebly
differentiated queen and worker castes develop from eggs
of the same kind, it is more probable that in the two more
ancient groups, the ants and termites, the pronounced
fertile and sterile castes may be blastogenic. The latter
statement may not apply to the soldier caste which is
evidently of very different age in the ants and termites.
Among the termites it is completely differentiated as early
as the Oligocene, and since winged specimens of Masto-
termes occur in the Eocene there is everv reason to
suppose that the soldier was also present and as perfectly
developed as in the living M. darwiniensis. The queen
is evidently the oldest and most conservative ant caste
and corresponds to the tvpical female of the solitary
Aculeates. The worker, even if we assume that the ants
originally had dimorphic fertile queens, is a later and
secondary form, and the soldier, being merelv a peculiarly

mutation, for example, the stouter legs of the second form. the thicker
chitin of the head of the workers and soldiers, and the elongated head
and mandibles of the latter . Miss Thompson therefore sces in these
two morphological facts a proof of the ontogenetic hereditary origin
of the castes and of their phylogenetic ongin through essentiallv
retrogressive ancestral mutations. But on the contrary, I see in these
two facts a proof of the differentiation of the castes during the course
of their development (ontogenetic as well as phvlogeneticy from a
common, single morphological type; a phyvsiological ditferentiation
which has acquired its morphological expression and produced the
castes directly through changing the type of metabolism and indirectly
through the mechamsms of correlation. Leaving the neuters aside for
the present, 1 am convinced that in the various sexual forms the so-
called retrogressive ancestral mutations are characters inherent in
neotenia, depending on arrests of development and that the eventual

progressive mutations represent characters correlated with this neotenic
arrest of development ',
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specialized worker, is clearly the most recent of the castes.
Hence it more nearly corresponds phylogenetically, but
not functionally, to the worker of the termites. The
existence of ant soldiers in the early Tertiary is not
satisfactorily established. Most of the Lower Oligocene
genera that have survived till the present time have no
soldiers and of others, like Aneleus, we know only
the minor workers. If that genus has been correctly
identified, a soldier should have been present, but even
this is doubtful, because there are closely allied extant
genera, like Solenopsis, a few species of which (S. geminata
and se@vissyma) have both soldiers and pleomorphic workers,
although the great majority have only small mono-
morphic workers. The Formicid soldier caste, therefore,
may not have differentiated out of the larger worker till
Midtertiary times. It seems, moreover, to have appeared
independently in most of the genera in which it occurs
and not yet to have acquired a definitive representation
in the germ plasm. Starting from my attempt in former
lectures to derive the ants from solitary or subsocial
ancestors with dimorphic females and the termites from
solitary or subsocial ancestors with dimorphic males as
well as females, we might assume that the queens and
workers of the Formicide and the royal forms and
soldiers of Isoptera are really blastogenic, but that the
other castes and especially the pleomorphic forms of
workers and soldiers are trophogenic.

The foregoing considerations lead up to others which
make a uniformly trophogenic origin of the castes in all
social insects and especially in the ants and termites seem
doubtful. Though rather general these considerations
are at first sight impressive as is shown by Forel’s (1go2)
recourse to some of them to support Weismann'’s blasto-
genic as opposed to the more trophogenic hypothesis
advocated by Emery in several papers (1894, 1896, 1904,
1906, 1910, 1918, 1921). The considerations to which I
refer are : first, the extraordinary stability of the typical
castesamong existing species of ants and termites ; second,
their extraordinary constancy during geologic time;



POLYMORPHISM (continued) 217

third, the difficulty of accounting for the gynandromorphic
ants on the trophogenic hypothesis, and fourth, the
difficulty of accounting for the adaptive characters of the
soldiers and workers.

(1) The myrmecographer who is constantly handling
ants from all parts of the world and minutely comparing
thousands of specimens from many colonies cannot fail
to be impressed by the extraordinary stability of the
castes, notwithstanding the innumerable slight varietal,
subspecific, specific, and generic differences. To be sure,
the worker caste is absent in some parasitic genera and
the queen in some others (Diacamma, etc.), but such cases
are due to unusual ethological conditions and are so
exceptional as merely to prove the rule. Even the
greatest climatic extremes of temperature have no
disturbing effect on the castes which are supposed to be
so readily modifiable by food. And the difficulty of pro-
ducing morphological modifications comparable to those of
the castes by feeding in other insects and in our domestic
birds and mammals only increases our scepticism.

(2) Even more extraordinary is the fixity of the ant
and termite castes during geological time. I have been
quite unable to distinguish the workers of the Oligocene
Formica flori from those of living F. fusca, except by
differences due to long preservation of the former in a
resinous matrix, and the workers of other fossil species
differ from their cospecific queens in precisely the same
characters as do those of living species. The soldier and
worker termites figured by von Rosen have the same
modern aspect. We may say therefore that the same
castes have been produced and reproduced for many
millions of years and in the most widely separated portions
of the globe.

These objections to the trophogenic hypothesis can be
met by pointing to the fact that the very constancy of the
castes implies that the species to which they belong have
been similarly constant during long periods of Ccenozoic
and Tertiary time in all parts of the world and that
therefore the same must be true of the threptic medium
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The most serious objection to the trophogenic hypothesis
is the obviously adaptive or rather adapted structure of
the various castes, especially of the soldiers and workers,
as exhibited in the absence of wings, structure of head
and mandibles, eyes, etc., and the correlated behaviour
(difference of professions (Pricer, 1908, Miss Buckingham,
1911, Hingston, 1922, etc.)). And the difficulty is the
greater, because the soldiers and workers in the most
highly specialized species, which reveal these adaptations
in their greatest perfection, are sterile, or if fertile, lay
eggs only under exceptional conditions (abundance of
food, high temperature, etc.). Such eggs in the ants, as
in the other social Aculeates, regularly produce only
males. Since the problem in the termites is very similar,
it would seem that we are compelled to adopt one of the
three following hypotheses :—

(1) The castes arise either as fluctuating variations or
as mutations, which are sifted by natural selection acting
not on the sterile castes but only on the mother queen and
her queen offspring, as Darwin and Weismann maintained.

(2) There is some finalistic, metaphysical factor—some
social entelechy—which initiates and guides the adaptive
development of the sterile castes.

(3) The sterile castes are much more frequently fertile
than has been supposed and can transmit their peculiar
characters through their male offspring (social Aculeates)
or male and female offspring (termites) and thus acquire
representation in the germ plasm of the species.

The first hypothesis cannot be entirely rejected since
the queen of most social Aculeates epitomizes the colony
in its incipient stage of development, but natural selection
has lost its value as an explanation of the origin of adaptive
variations. The second hypothesis is avowedly vitalistic
and is of no interest to the scientific biologist. That the
third affords an opportunity for productive investigation
is shown by a very suggestive paper by Verlaine (1926),
who contends that the males of the social Aculeates in
general are the offspring of the workers. While he admits
that old honeybee queens whose spermathecz are
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exhausted, may produce males, he is emphatically of the
opinion that the drones, even in hives of the honeybee
with young and vigorous queens, are all the progeny of
workers. He shows that this is also true of the social
wasps, and Plath (1922) has obtained the same results
with humblebees. Emery (1918) reported that all the
males in colonies of Pheidole pallidula are produced by the
soldiers and not by the queens. It is, indeed, not
improbable that the only queen ants which normally
produce males are those of the parasitic genera (Anergates,
etc.) which lack the worker caste. Verlaine’s contention,
if sustained by further investigation, will do away with
several awkward problems which have long exercised the
ingenuity of melittologists, such as the supposed alternate
functioning and non-functioning of the spermatheca of
the queen in adaptation to the worker and drone cells,
and many of the hitherto inexplicable phanotypic
peculiarities of hybrid honeybees.

No doubt, we have hitherto laid too much stress on the
static, morphological aspects of polymorphism and too
little on its dynamic, physiological and behaviouristic
aspects. Many physiologists, too, are apt to overlook or
at any rate to minimize the regulatory and adaptive
peculiarities of biological processes and these are certainly
very significant in the peecilogyny and peecilandry of the
social insects. It has been suggested that the production
of workers and soldiers in the colony is a kind of experi-
mental teratogeny carried on by the worker nurses, but
it is certainly strange that the monsters produced, e.g.,
the janitor soldiers of Colobopsis among the ants and the
nasuti among termites, should be structurally and
functionally so exquisitely adapted to their particular
professions. And it strains our credulity to be told that
such forms arise either from peculiar genes popping out of
nowhere into the germ plasm or develop gradually under
the guidance of natural selection from forms which, so far
as we can see, must have an equal or even greater survival
value. When we encounter such #mpasses as the fore-
going, instead of embracing the Aristotelian Entelecheia,
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that belldame of more than two thousand summers, now
so popular on the other side of the Rhine, or joining the
apostles of the survival of the fittest and forever croaking
‘““ natural selection ! ”, it is surely more commendable to
sit down in the laboratory or in the field and say nothing
but *‘sgnoramus”’ till we have made a much more
exhaustive behaviouristic and physiological investigation
of the phenomena. *° Nullus sermo in his potest certificare,
totum enim dependet ab experientid.” (Roger Bacon.)



X
THE SOCIAL MEDIUM AND TROPHALLAXIS

THE study of polymorphism has brought us to a realization
of the significance of the social medium. In human
society it is so complicated that probably few of us have
a definite notion of what it is, though we all know that it
is very important, but insect societies are so much simpler
that they might be expected to yield a clearer conception
of its nature. In one of my earlier lectures attention was
called to the fact that the activities of social insects are
merely modifications of the behaviour of their solitary
ancestors. This is evident in the Aculeata and no doubt
holds good also for the termites, although we know
nothing of the habits of their solitary forbears, the Proto-
blattoidea. In the further discussion I shall therefore
deal mainly with the Aculeata. The activities with which
we are concerned are first, the nuptial or dissemination
flight, second, nidification, third, foraging and storing
food and its distribution among the members of the
colony and fourth, defence. Among the solitary species
these activities, with the exception of the nuptial flight
or its equivalent, are carried on by the females exclusively.
In the social species all four activities have become mass
phenomena and are therefore intensified and modified,
the nuptial flight but slightly, nidification and defence
greatly, and most of all the trophic behaviour, which has
to do with providing the adult and larval members of the
colony with sustenance. The social medium, in very
general terms, may be said to consist of these modified
and intensified activities. Nidification and defence
among the social Aculeates have had such a long and
intricate evolution that their adequate presentation would

223
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require a special course of lectures. My time will permit
me to consider only the trophic behaviour, to which all
the other activities of the colony are really ancillary or
contributory.

We know that there are two primary types of colony
inception among social insects, either by single parental
individuals (queens in Aculeates, royal couples in
termites), or by swarming, i.e., by sexual forms accom-
panied by a certain number of workers from the parental
colony. The former, again, may be either independent or
dependent. In the independent subtype the queen or
royal couple is able to establish a colony without worker
assistance. This occurs among the Polistina in temperate
regions, the Vespinz, the Bombinz in temperate and
boreal regions, Halictinz, Allodape and the great majority
of ants and termites. The dependent subtype is repre-
sented by a few parasitic Vespina and Bombinz and a
number of mostly parasitic ants, the queens of which are
quite unable to found colonies independently and must
either be adopted by colonies of their own or other
species or at least secure the brood of another species
in order to provide themselves with the necessary worker
aid in rearing their own young. With these cases I shall
deal in a future lecture. The greups which establish their
colonies by swarming are the Polybiina and some tropical
Polistine among wasps, the tropical Bombina, Apine and
Meliponine® among bees and some termites (e.g.,
Reticulitermes lucifugus in Italy). It will be observed
that swarming does not occur in temperate regions,
except in the honeybee, which is really an Indian insect,
and in some ants (Formica exsectotdes, etc.).

Both the dependent and swarming methods may be
regarded as modifications of the independent method of
colony inception and are really more definite expressions
of the dependence of the queen on the worker caste. But
even the independent method is merely an interlude in
the social life of the queens and royal couples that practise
it, since the virgin sexual forms of all social insects remain
for some time in the parental nest before their nuptial

[y
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dissemination flight and then lead a very secluded life
till they are in turn surrounded by their own worker
offspring. The social insect is, therefore, like man,
permanently social, the workers throughout their lives
and the sexual forms of the independent type, except for
a brief period while thev are maturing their gonads.
Naturally these conditions make it extremely difficult or
even impossible to determine to what extent the behaviour
of the individual insect is the result of the constantly
acting social medium in which they are immersed, and to
what extent it depends on inherited mechanisms. This
difficulty is also responsible for the differences in the
interpretation of behaviour by different investigators.
The physiologist who studies social insects merely as
individual organisms, experimentally 1solated from their
social medium, is apt to conclude that their behaviour is
entirely reflex, or tropistic (Bethe, 1898, 1900, 1902, and
Henning, 1916), whereas those who observe them in their
social environment reach a very different conclusion, and
while admitting that many of their activities are reflexes
(" automatic ”’ behaviour of Forel) feel confident never-
theless that they give unmistakable evidences of memory,
appetites, emotion, imitation and a feeble intelligence, or
ability to modify their reactions in conformity with
previous experience and environmental changes
(" plastic ” behaviour of Forel). General agreement on
these matters still leaves plenty of room for differences of
interpretation in detail, according to the training,
predilections and philosophic outlook of the investigator.
Forel and Brun, trained as neurologists, are greatly
impressed by organic memory and make constant use of
Semon’s * mneme "’ and his terminology in describing the
behaviour of social insects. The Jesuit father, Wasmann,
trained in the scholastic philosophy, operates with
“ instincts,” virtues and faculties (Vermégen) in the
manner of St. Thomas Aquinas, and with the adroitness
for special pleading and ignoring of pertinent data, for
which his order is so celebrated, wraps the whole subject
of myrmecology and myrmecophily in a dense fog of

18
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teleology,  Fremddienlichkeit,”” amical selection, mimicry
and theistical casuistry. Within recent years I have
come increasingly to avoid the word ‘ instinct ”’ and to
prefer ‘“ appetite,” or ‘‘ appetition ” in Fouillée’s sense
(Wheeler 1gz21c). Of course, this is nothing new since
the word was used with much the same signification by
thescholastic philosophers (appetitus sensitivus, Wasmann'’s
“sinnliches Begehrungsvermégen *). It is Aristotle’s
opefis and is synonymous with the ‘ libido” and
‘““ craving "’ of modern psycho-analysts.

An adequate discussion of the central (cerebral) as
contrasted with the peripheral (sensory, or receptor)
factors involved in the behaviour of the social insects
would require much time and be irrelevant to my
immediate purpose, which is to call attention to the fact
that the social medium is necessarily the creation of the
worker caste. This caste is always produced in such
numbers as to constitute nearly the entire colony, and all
the important behaviour—nidification, defence, pro-
visioning and caring for the queen and young, in addition
to its own sustenance—is its sole prerogative. The
activities mentioned are continuous, except during
unfavourable climatic conditions, and extend not only
throughout the nest but to a considerable area over which
the insects forage for food. This territory, which has a
circular circumference and may be called the ** trophoporic
field” is determined by the ranges of the foraging
individuals and naturally increases with the growth of
the colony. The trophoporic field of an incipient colony,
with its few feeble minim workers, is very small, but as
the foragers increase in number and size with succeeding
broods, it gradually enlarges till it reaches its maximum
area when the growth of the colony is completed. Except
where they are few and sporadic, the trophoporic fields of
colonies of the same or different species overlap more or
less. Thefood supplyisthereforelimited inamount and the
exploitation of the field is so intensive, that every avail-
able source of nutriment is scrupulouslv investigated and
carefully utilized. According to the habits of the species
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the supply comprises all insects that can serve as prey,
all those whose saccharine excreta can be collected
(Homoptera), all plants whose nectar and pollen are
accessible, Although the trophoporic fields of the social
bees are much more extensive than those of the ants,
the food supply is precarious and subject to great seasonal
fluctuations. We find, therefore, that unlike manyv
solitary bees, the Halictin®, Bombinz, Meliponinz and
Apina are decidedly polytropic, or not restricted to the
flowers of particular species of plants (oligotropic).
Certain foraging termites (Eutermes, Hodotermes, Termes,
etc.) have rather extensive, others verv restricted
trophoporic fields. In the Dorvline ants, which are so
ravenously entomophagous that they can maintain no
permanent nests, the trophoporic field shifts like that of
a nomadic or hunting people.”

Since the size of the colony is a function of the
amount of food obtainable from the trophoporic field, the
latter determines and regulates the growth of the
population. The workers are constantly endeavouring to
obtain as much food and to rear as manv young as
possible. Hence extraordinarv thrift and economyv have
to be practised, especially when the trophoporic fields of
several colonies overlap. The sexual forms and especially
the queens, which require a considerable amount of food
during their larval stages, can be reared only during the
most favourable season of the year. Unfavourable
trophic conditions sometimes make economy so acute that
the brood has to be devoured wholly or in part and
portions of the adult population have to be sacrificed, as
in the slaughter of the drones among honevbees or of the
soldiers in certain ants of the genus Pheidole. Our North
American Ph. militicida harvests seeds and its huge-
headed soldiers are needed to crush them, but when the
winter comes on and the services of the seed-crushers are
no longer required, they are decapitated and their remains
thrown out of the nest. Of course, the caste thus
eliminated can be readily recruited from young larva
during the ensuing spring and summer.

. ! What 1 have called the trophoporic field Le Dantec (1918' rall the
cantonal patrimeny,” the quan:ity of food which it iurnishes, the
ahmema.ry.patrimony" of the species under consideration.
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That the workers of all the social insects are really
hunger forms is shown by their greedy behaviour, their
normal lack of fecundity, their atrophic development and
especially in the ants and termites by their rhachitic,
wingless adult physiognomy. Yet the hunger and greed
are those of a sterile proletariat (sif venia verbo), with little
or no interest in producing but with a keen interest in
rearing larve and in securing the food necessary for
carrying on the business. This paradoxical proletariat,
which takes upon itself the control and regulation of the
numbers of individuals of all the various castes, its own
included, has never ceased to excite the admiration of the
paragon of animals. As de Gourmont (19z4) says: *“ Of
all sexual aberrations, chastity is perhaps the most
singular. Not that it is unnatural, for nothing is
unnatural, but on account of the pretexts which it serves.
The bees, ants and termites present examples of perfect
chastity and a chastity that is at the same time utilized
and social. Involuntary and congenital, the neuter state
Im insects is an actual condition and a source of
characteristic behaviour. In man it is a condition often
merely apparent or transitory, adopted voluntarily or
demanded by necessity, a precarious condition so difficult
to maintain that around it have been erected all kinds of
moral and religious and even true ramparts of real stones
and real mortar. Permanent and voluntary chastity is
nearly always a religious practice. In all ages men have
been persuaded that a state of perfection is attainable
only through such renunciation. This may seem absurd,
but it is, on the contrary, supremely logical. The only
way to avoid being an animal is to abstain from an act
to which all animals yield themselves without exception.
The same motive has suggested abstinence and fasting,
but since it is impossible to live without eating and
quite possible to live without mating, the former has
remained a mere programme.” De Gourmont might have
gone further and called attention to the singular fact that
throughout the ages the most diverse human societies
have not only encouraged celibate castes to develop in
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their midst and lavished on them inordinate admiration,
but have actually allowed them to behave like the
workers of social insects in controlling and regulating the
education and reproductive physiology of the fertile
individuals as well as those of their own caste.”

The social medium obviously comprises not only the
regular activities of the workers in the nest and mainly
the collection of the food and its distribution among
themselves, the queens, males and larva but also the
relations to food-yielding insects or plants in the tropho-
poric field and to the various guests which as parasites
sensu latissimo are sometimes present within the nest
itself. The fact that the latter are often absent, that when
present they are usuallv few in number and have relations
with the workers only, and that these are usually
sterile, constitutes an almost insuperable objection to
Wasmann’s attribution of the behaviour of the workers
towards particular guests to specific blastogenic
“instincts.” One must either assume that there is an
inheritance of acquired characters—and that with a
vengeance —through the males produced from workers’
eggs, or that the behaviour towards the guests is a purely
ontogenetic modification or perversion of the regular
threptic behaviour exhibited by the workers towards one
another, the queen, males and brood. 1 insist that the
latter is the more probable and more economical
assumption and the one in closest accord with the facts

¥ Perhaps voluntary human celibates are Mendelian recessives,
and if one wished to resort to an Adlerian accessory hypothesis, their
behaviour might be interpreted as inspired by the kind of " will to
power’”’ so conspicuous in individuals with pronounced * inferiority
complexes ”’. A similar interpretation seems to be implied in the
following remark of Gerald Heard (1924) : ** Finally, history suggests
that the invariable appearance at a certain stage of the priest-artist
13 because civilization necessitates specialization and real specializa-
tion postulates a genetic variety. Whenever a societv is about to
become a civilization, it begins by produciag celibates. This '* segrega-
tion of the best stocks ” has always been a stumbling block to the
old-fashioned Eugenist, but the fact that seems to have an inevitable
naturalness about it must be faced, and perbaps, though this is not
the place to discuss it, the ‘* best stocks " might after all not prove
to be the best for stock purposes. (Cf. Dr. Bateson’s Herbert Spencer
Lecture : ** Biological Fact and the Structure of Society,” p. r3).
See also Towner (1923).
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of organic behaviour in general. Even in the study of
human behaviour which is far better known than that of
any animal, the present tendency is to reduce the number
of postulated ‘ instincts '’ to a minimum or to eliminate
them altogether from serious discussion.*

In a paper published in 1918 I attempted to stress the
importance of the trophic and threptic behaviour of the
social insects and to frame for the numerous and
disparate facts a general conception to which I applied
the term “* trophallaxis ”’ (from rpoyn food, and aXhaTrew
to exchange). The notion was favourably received by
the physiologists and ethologists but was treated as a
scandalous innovation by the Jesuit instinct mongers.?

We have seen that the insect colony or society may be
regarded as a super-organism and hence as a living whole
bent on preserving its moving equilibrium and its integrity.

I What really up-to-date laboratory behaviourists think of instincts
and their inheritance may be gleaned from a perusal of Kuo’'s latest
paper (19z4). Though expressed in extreme language, this author’s
views are undoubtedly valuable in calling attention to the extra-
ordinarily vague, unscientific and dogmatic assertions of Wasmann
and others in regard to the hereditary basis of behaviour. See also
Bernard (1924).

? That my efforts, like all such attempts, should be misunderstood
or misinterpreted was only to be expected, but 1 did not realize the
profundity of my ignorance of the biology of the Formicide and their
guests. Father Wasmann, in a 176 page treatise (1920), promptly
demonstrated my deplorable insipience, and as I had also been
guilty of the mortal sin of pride, he very modestlyv placed as a motto
on the cover of his polemic the well-known lines from * Faust ' :

““Was glanzt ist fiir den Augenblick geboren,

Das Echte bleibt der Nachwelt unverloren .
The first line refers, of course, to my daughter Trophallaxis, the second
to Wasmann’s own immortal progeny, the ‘* Symphilic Instincts ",
As it was feared that this howitzer in the camp of the Society of Jesus
might miss its mark, I was treated with some machine-gun fire in the
Mémoires of the Poutifical Roman ‘* Accademia dei Nuovi Lincei”
(1923). In the meantime Herr Reichensperger hurried to the rescue of
his outraged mentor and with the loving Christian kindness of his
ilk, exuded a little poison gas {1921} in the form of comments on my
“ recht kindliche Analogiebeweise'’, etc. All of which shows how
terribly dangerous it is to doubt even the biological dogmas of the
reverend fathers and to permit oneself to joke about their pet lucubra-
tions. Since I had not extolled the charms of Trophallaxis in every
paper I had written since 1918, Wasmann concluded that I must have
abandoned the poor thing as still-born. Here his perspicacity cer-
tainly forsook him, for 1 am so far from any such intention that 1
propose to devote the remainder of this and portions of the two
following lectures to showing that she is an even healthier and more
viable infant than I had supposed.

.
[
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The individuals composing the colony must therefore be
in communication with one another. The truth of this
statement is indeed apparent from the observation of any
insect society, but the methods of communication
employed are so different from ours that their precise
interpretation and even their detection may be matters
of considerable difficulty. Undoubtedly the individual
insects communicate by means of signs, i.e., by move-
ments of the body and its appendages, especially of the
antennz (Forel, Wasmann, Crawley (19105), Doflein
(x920), etc.), by vibrations, orstridulation, Wheeler (1914),
Santschi (1927), odors (von Frisch (1921)) and tastes.
All these belong to the general biological category of
stimuli and responses, and since the behaviour is very
largely concemed with food and its distribution the
stimuli are mainly olfactory and gustatory and the
responses depend on the chemoreceptors and appetites.
Many of the criticisms levelled against trophallaxis are
at once dissipated by pointing out that in employing the
word “food " I did not mean merely so much matter
taken into the alimentarv tract and assimilated but also
its role as a stimulus, or excitation of the chemoreceptors.
Obviously this latter role is of the greatest significance in
social organisms. That it is taken for granted by
phvsiologists is clear from the following quotations
(Child, 1924) : “ Even in most of the simpler #nimals the
reaction to food involves excitation and the excitatorv
factoris undoubtedly concerned inthegrowth orientation of
the roots and other parts of plants with respect to chemical
and photic stimuli. . . . Like the relations between
living protoplasm and its extermal environment the
physiological relations between the different protoplasmic
systems, parts, organs, etc., of an organism are either
material, involving the mere transportation of substance,
or dynamic, involving the transfer of energy. .
In the higher animals and man the excitatory factor is
unquestionably the primarv factor between individuals,
the material factor being significant only as it is excitatory.
In fact all social integration is based upon the excitatory

»
»



232 THE SOCIAL INSECTS

relation. . . In material or chemical correlation
between parts, the part producing a substance which
influences another part controls the latter to some extent.
This is also true in cases in which chemical relations
between the two parts are more or less mutual. Such
cases are in some degree analagous to the social reaction
system consisting of two groups of human beings between
which mutual commercial relations exist. To take a
rather primitive social system of this sort, one group for
example inhabits the coast, the other an inland region.
The first group exchanges fish, shell, salt for skins, game
or perhaps for metal articles. The articles received
constitute a factor in determining the further activities
of the group in each case.” 1 did not mention such
obvious considerations in my paper on trophallaxis
because I was writing for biologists and not for theologians.
The latter, too, recognize two uses of food—one permiss-
ible, when it is employed merely as so much nutriment to
keep body and soul together, the other sinful when it is
so stimulating that it may be regarded as a *“ Leckerbissen”
(tit-bit) and leads to ‘‘ Naschhaftigkeit ”” (greediness),
and this is the distinction imported by Wasmann into the
discussion of insect behaviour as a telling argument
against trophallaxis, after I had expressly stated (1918a)
that the substances exchanged, e.g., in cases like Formica
sanguinea and its guest Lomechusa, are not quantitatively
equal but that the exudates of the guest, though produced
in very small amounts, may nevertheless elicit intense
reactions ! One would suppose that the food served in a
Jesuit refectory must be even more tasteless than that
served in a fifth-rate New York restaurant !

Other critics have imagined that I meant by trophal-
laxis not only an exchange of equal quantities of food
as mere nulriment but an exchange necessarily and
smmediately reciprocal. Still others, like Morstatt (1922),
believe that trophallaxis must be something superadded
to the care of the young (Brutpflege), although I regarded
this behaviour as the most primitive and characteristic
manifestation of the activity. Kemner (1923) has also
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criticized trophallaxis on the basis of some interesting
but incorrectly interpreted observations on a Javanese
myrmecophilous moth. A discussion of this case may
be postponed till the next lecture. Among entomologists
Brun (19236) alone seems to have grasped the true
meaning of my paper. His knowledge of psychiatry
enabled him to show that trophallaxis involves the
“ pleasure ”’ as opposed to the * reality principle ” and
to call attention to the determining réle which the former
plays even in the lives of the social insects. This being
the state of opinion in regard to trophallaxis, I may be
pardoned for briefly reviewing the relevant facts. It will
then beadvisabletoadd some considerations which, I trust,
will not only meet the really serious objections but extend
the heuristic and explanatory usefulness of the principle.

Trophallaxis is most easily observed among the wasps,
ants, and termites. Du Buysson (1903) and Janet (1903)
were, I believe, the first to show that the larvae of Vespa
and Polistes, after being fed by the workers or when their
mouth-parts are stimulated, secrete from their salivary
glands drops of a thin, sweetish liquid which are at once
greedily swallowed by their nurses. I have repeatedly
observed the same behaviour in our North American
Polistes metrica. It was Roubaud (1916, 1924), however,
who first made a detailed study of the reciprocal feeding
in certain African wasps (Belonogaster) and grasped its
social significance. He called it ‘‘ cecotrophobiosis ”, a
word which seemed to me to be rather awkward and
madequate. I therefore substituted the term ‘ trophal-
laxis . In his latest paper (1924) Roubaud has adopted
the word “ trophcecism ” and therefore calls the wasp-
colony a “trophcecium ”. In my study of ant-larva
(1918a) I cited a number of phenomena which can only
be interpreted in the same manner as the trophallaxis of
the Vespide. In certain Ponerinz (Pachycondyla) which
are primitive, wasplike ants, the larve when fed produce
a salivary secretion which is licked up by the nurses.
Some Myrmicine larve (Pzdalgus) have enormous salivary
glands, the secretion of which very probably has a similar
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function since it is not used in spinning a cocoon, an
envelope never produced by any species of the subfamily.
In the larve of all Pseudomyrminz the mouth is
surrounded by a cluster of singular papille or appendages
which are clearly exudatoria very much like the exudatoria
of some termitophiles (Spirachtha). These structures are
greatly developed in the very young larva (trophidia) of
two species of the African genus Pachysima (@thiops and
latifrons) (Figs. 57), but decrease rapidly in size in the
later stages when the salivary glands develop and
apparently usurp their secretory function (Fig. 58).
Moreover, all ant larva store in their bodies an enormous
amount of fat, some of which exudes through the thin
chitinous cuticle which is frequently licked by the worker
ants. The surfaces of ant-larve are, in fact, usually
covered with a lipoid, hydrofuge substance which is
probably derived from the blood or fat-body. That such
substances can actually pass even through rather thick
chitin is shown by the observations of Pantel (190g),
Roubaud (1924) and others on the young larve of
Tachinid flies. Although these larvae are completely
enclosed in a chitinous sac developed from the tracheal
intima of their hosts, they nevertheless obtain their food
by filtration or osmosis from the blood of the latter.”
All ant larve, therefore, probably produce small quantities
of exudates which are appreciated by their nurses. But
even if this be doubiful, it must be admitted that
trophallaxis is of general occurrence among ants, since
the queen, after bringing up her first brood, is fed with
regurgitated food by the latter, that is by her offspring
in their aduit stage. That the workers of the higher ants
(Myrmicin®, Dolichoderine, and Formicine) almost
universally practice this form of reciprocal feeding is a
fact too well known to require further substantiation.

1 Fidmann (1922) has proved that both alkaline and acid solutions
will diffuse through thin layers of chitin in which pores are invisible
under a high magnification, and though his results were obtained with
the intima of the crop and hind gut of the cockroach, there can be
no doubt that the thin chitinous integument of insects is similarly
permeable.
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I regard it as certain, furthermore, that adult ants also
produce fatty exudates or attractive glandular secretions
and that the mutual licking in which these insects indulge
is attributable to the presence of such substances on their
bodies and not to affection or to a desire for cleanliness.
Nor are the toilet operations of the individual ant due to
siach a desire but probably to a reflex response to the
irritation of foreign matter on the surface of its body and
appendages.

The mutual exchange of liquid foods finds its most
spectacular expression in the honey ants (Figs. 59 and 60),
which, as I have shown (19085, 1914, 1923), belong to a
number of genera and species confined to desert or
xerothermal regions where liquid food is very scarce.
Usually certain workers store the food in the crop, which
is so enormously distended that the gaster becomes very
large and spherical (Myrmecocystus, Camponotus inflatus,
Melophorus bagoti), but in many species of Pheidole,
Pheidologeton and Oligomyrmex the soldiers may act as
honey-pots and the gaster is much less conspicuously
enlarged. Emery, many years ago (1898), observed in
the workers of certain ants from the deserts of Asia Minor
and North Africa (Camponotus fedschenkos and atlantis)
a peculiar enlargement of the abdominal fat-body. He
noticed that this ‘“ adipogastry ”, as it may be called,
was best developed in nocturnal species and that the fat
represents food stored as sustenance not only for the
individual worker but also, after metabolism into salivary
secretion, for the larvee. A very similar adipogastry is
often noticeable in many hypogaic ants, especially in our
North American Lasii of the subgenus Acanthomyops,
which obtain nearly all their sustenance from root-aphids
and ~coccids. The yellow nocturnal forms of Camponotus
castaneus in New England and of C. sansabeanus in the
deserts of Arizona may also exhibit the same “ Fettleibig-
keit . As Ottramare (1919) has shown, there is evidently
a significant connection between absence of light and the
accumulation of fat. This is also apparent in the fatty
physogastry of termites and their guests.






Plate XXXVII.

FiG. 59. Repletes of hcm«zﬁm . Myrmecacystus borti-deorsm, suspended from roof .
o? nest chamber. (After H. McCook.) |

FiG. 6o. I;eplctcs of the honey ant, Myrmeocysizes borti-deorsm. (Dorsal and lateral
views.
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is very largely myTicvl palmitate, is really a lipoid exudate
related to the fats (Mathews, 1921). Its production would
seem to be a result of the great amount of sugar consumed
by bees, since similar exudates are produced by Coccids,
Aphids, Fulgorids, etc., which live on the sap of plants and
ingest so much sugar that they have to rid themselves of
much of it as faces. Curiously enough, many of the
Coccinellid larve (e.g., Brachyvacantha) which feed
exclusively on these Homoptera also produce abundant
wax exudates (Wheeler, 19118). According to Friese
(1923), the fatty exudates of solitary bees ‘‘ evidently
represent the excess energy derived from the food which
tensely fills out the body of the larva in the form of the
whitish corpus adiposum before pupation. This stored
chemical energy, which in the trophocytes is used to
maintain the life of the pupa and for some years that of
the imago, is usually not entirely consumed but produces
the above mentioned fatty exudate in freshly killed
solitary bees. Such exudates are also represented by the
““cushions of an apparently fat- or wax-like substance”’,
found between the four median segments on the dorsal
side of the abdomen of the long-horned bee, Tetralonia
ruficollis ”.*  Although wax is now used exclusively in
constructing the cells in which the larvae are reared and
the food is stored, the question arises as to whether it
was not, among the immediate ancestors of the Bombinz,
Meliponine and Apinz, emploved to some extent as a
larval food. Two of the older and at least one of the
modern observers of humblebees (Swammerdam (1737)
Réaumur (1742) and Haerter (1890)) have, in fact, claimed
that the * pollen paste ”’, or mixture of pollen and wax, in
which the queen Bombus lavs her eggs, is devoured by
thelarve. The majority of recent investigators, however,

! In connection with the fact that only the voung honeybee workers
secrete wax, Friese remarks : * We see therefore that little attention
has been given to the organic nexus between the fat-body of the larva
and the wax-production of the adult boney bee. I am of the opinion
that the wax exudation is entirely dependent on the supply of fat
energy of the larva. From this point of view the condition of older
honey-bees with respect to wax production as well as the phylogenetic
origin of the wax scales and wax-glands may be readily explained *’.

Ll
.
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have been unable to confirm the observation. Since the
larva of the well-known wax-moth (Galleria melonella)
can digest wax, although it cannot complete its develop-
ment without additional substances (Doénhoff (1882),
Lieber and Metalnikow (1904), Biedermann (1911)), it is
not improbable that humblebee larve may be able to
produce some ferment capable of rendering the wax
assimilable. Elaboration of the suggestion that the
ancestors of the three higher groups of social bees may
have fed their larve on fatty exudates would be pure
speculation, but our knowledge of the intimate behaviour
of these insects is so rudimentary that therescan be no
harm in calling attention to the possibility.

Extensive as is the scope of trophallaxis, or exchange
of food in the various social insects, the principle is
sufficiently elastic to cover an even greater number of
phenomena, if we include besides the substances that are
sociallv excitatory through the taste receptors also those
that affect the other chemical sense, namely olfaction.
At first sight, this seems to be inadvisable, if not absurd,
but I believe that the following remarks will show that
there is abundant justification for taking a different view
of taste and smell in insects from that commonly held in
regcard to these senses in human and mammalian
physiology. In mammals the gustatory and olfactory
receptors are clearly separate in structure and position,
though we are all familiar with the fact that olfaction
enters very largely into what we call our taste sensations,
and it is known that in certain fishes the taste-buds are
scattered over the surface of the body.” In both receptors

¥ “ In fishes Herrick (1903) lists over thirtv-five species in which
taste-buds are known to occur on the outer surface of the animal as
well as in the mouth. The catfish Amiurus is remarkable in this
Tespect in that its whole outer surface is provided with these organs
which are most abundantly present on the barbels. When a piece
of meat is brought in contact with the barbel of one of these fishes,
the animal will immediatelyv seize and swallow the morsel. The same
is true when the meat is brought in contact with the side of the fish "
(G. H. Parker, 1a22). Herrick has proved that the responses to meat-
juice discharged {rom a pipette against the fish's side are due to taste,
not touch, and Parker (1912) has shown that when the seventh cranial
nerve which innervates the taste-buds in the flank of Amiurus is
severed, the gustatory responses no longer occur.
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the nerve terminations are affected by chemical substances
dissolved in a liquid or mucous layer overlying them.
It is usual to transfer our notions of distinct taste and
smell receptors to insects although even in vertebrates
taste is not a unitary chemical sense and in insects cannot
be distinguished from smell by the structure of the
sensille. We have merely acquired the habit of regarding
chemoreceptors (sensille) on the mouth parts as gustatory
and those on the antenn® as olfactory. But lately
Minnich (1921, 19224, 1922b, 1924, 1626) has demonstrated
by carefully conducted experiments that butterflies and
Muscids taste with their feet (with the four terminal tarsal
and distal portion of the basitarsal joints of the second
and third pairs of legs). This form of chemoreception is
probably of more general occurrence among insects and
other Arthropods. Even the distinction between distance
receptors for smell and contact receptors for taste does
not help us, since insects use their antennz in both ways
as well as for tactile sensations.

The study of the chemoreceptors of insects leaves us
confused and baffled with the variety of the sensille and
their wide distribution over the body. And the con-
fusion is increased by the difference of opinion in regard
to their structure, which grades all the way from sensiilae
which may be either tactile or olfactory, through a great
variety of presumably olfactory and gustatory to the
Hicksian, or campaniform sensille which have been
variously interpreted as organs of pressure, temperature,

! Parker says of the vertebrates: ‘It is true that gustation is
a strikingly unified operation, but when this unity is looked into, it
is seen to depend on simultaneousness of action rather than on independ-
ence of activities. Smell is related to taste in much the same way
that one taste is related to another. On the whole it would seem
more consistent with fact to speak of the sour sense, the saline, the
sweet, and the bitter sense than of the sense of taste. Just as the sense
of feeling in the skin has been shown to consist of at least four senses,
touch, pain, heat and cold, so taste must be regarded as composed of
at least four senses. That these act together and in everyday experi-
ence produce a unified effect upon us is no more reason for classing
them as one sense than in the case of the integumentary senses.
The sense of taste must, therefore, be regarded as a generic term under
which at least four true senses are gathered : sour, saline, bitter and
sweet (Ohrwall, 1891, 1901) ",
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humidity or vibration. While most authors believe that
the olfactory sensillee are confined largely or exclusively
to the antenna, McIndoo (19142, 1914d, IQI4c, 19I5,
1916, 1917, 1918, 1920), for some inscrutable reason, finds
olfactory organs on nearly all parts of the body, except
the antennz, and believes he has secured experimental
evidence in support of his contentions. Berlese (1gog)
in a remarkably lucid account of the olfactory sensille,
describes them as alwayvs containing glandular in addition
to sensory cellular elements. He calls attention to the
earlier papers of Erichson (1847) and Saulcy (1891), who
found the antennz of insects to be covered with a thin
film of liquid. According to Berlese, this film is the
secretion of the glandular elements and forms with the
alfactory substance a solution which acts on the termina-
tions of the sense cells. It is, indeed, difficult to conceive
how olfaction can occur without such a solvent. But
other investigators (Hauser (1880), vom Rath (18g4),
Rohler (1g03), Vogel (1911), Hochreuter (1912}, Deegener
(1912), Demoll (1917), McIndoo, etc) interpret Berlese’s
glandular elements as sense-cells and say very little or
nothing about an olfactory liquid or its source In an
excellent review of the insect sense-organs, Snodgrass
(rg26) comments as follows on the matter: “ The chief
objection to the idea that a liquid exudes upon the surfaces
of sense organs is the lack of any observations on the
presence of such a liquid. Yet, the vacuole which
surrounds the dis<tal processes of the sense cells in many
organs that have been regarded as chemoreceptive,
suggests a possible source of a solvent liquid. Though
Berlese’s attempt to show that one of the elements of
the insect sensillum (sic) is always a gland cell has not
been generally accepted, it is not unreasonable to suppose
that one of the cells might take on a secretive function
in certain organs. The cell which contains the vacuole,
when a vacuole is present, however, is the basal enveloping
cell, which is the trichogenous cell and not a special gland
celi””.  In certain respects the physiological accounts are
more satisfactory than the morphological and leave little

18
.
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doubt that the chemoreceptors are widely distributed
over the antennz, mouth-parts, feet, and possibly other
portions of the integument, and that responses to chemical
substances either from a distance or on contact are far
and away the most important sensory reactions of insects.
This is notably true of the social species, and numerous
investigators have shown that much of their behaviour
is determined by such reactions. In ants, bees, and
termites, individual, caste, colony, species and nest odours
have been distinguished experimentally by Forel (1910),
Bethe (18¢8), Brun (1917), Miss Fielde (19o4, 19os5b),
and others. The odour of the ant-brood, especially of
the pupa and cocoons, is clearly perceptible even to our
blunt human olfactories. Many adult ants have an
intense odour, often quite unlike formic acid, e.g.,
Acanthomyops, Crematogaster, Eciton, Megaponera,
many Pheidole, Tapinoma, Atta, etc. The same is true
also of bees and termites. The strong odours of
Meliponine are often very pleasant ; some of the
neotropical Trigonas smell like cocoanut, others like
lemons, others like atta of roses, etc. The seat of the
odour of honeybees seems to have been definitely located
in Nassonoff’s gland (Sladen, 190z, von Frisch, 1923)
between the fifth and sixth abdominal segments. In ants
the odour perhaps arises from the peculiar epinotal glands
described by Janet (1898a, 1898b) which are present in
all the castes and are admirably constructed for producing,
conducting to the exterior and volatilizing odouriferous
secretions. Other glands, such as the poison, or formic
acid glands of the Formicine and the anal glands of
Dolichoderine (Tapinoma, Azteca, etc.) produce strongly
odoriferous secretions and, according to Forel, the same
may be true of certain glands in the head. The fact that
odoriferous substances are readily absorbed and retained
by fats has long been known. Every housewife is familiar
with this property in butter and from the earliest times
unguents have been used as vehicles for perfumes. Fats
and paraffins are still emploved in ‘ effleurage”, a
process of extracting the perfumes from flowers. The

[y
3
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lipoid coating on the surfaces of larval, pupal and adult
ants and the dense hairy investment of bees seem to be
particularly well adapted to retaining both the individual
and the adventitious, or nest odours and retarding their
diffusion.”

There is no doubt that the glandular secretions of social
insects are emitted in greater volume at times of excite-
ment, but since even the persisting individual, caste,
colony and nest odours are important means of recogni-
tion and communication, there is no reason why the
odours should not be included with the gustatory stimuli
as trophallactic. In a very interesting book von Frisch
(1921) has recently shown that honeybees actually employ
as means of communication the adventitious odours of
nectar and pollen adhering to their bodies. Nectar-laden
bees on returning to the hive perform a peculiar dance
(“ Rundtanz ’) which attracts the attention of unemploved
workers and the same is true of bees returning with pollen.
The latter perform a different dance (‘* Schwinzeltanz ).
In both cases the unemployed individuals are informed of
the kind of flowers that are yielding nectar and pollen in
abundance and stimulated to fly out in search of them.
Bees also discharge among the flowers the odours of
Nassonoff’s gland and thus enable the foraging individuals

¥ According to Haupt (1922) "' it would seem that both nectar and
ambrosia denote fragrant fat, especially the nidorous smell of the
sacrifices ascending to heaven. The fragrant steam of a burning
sacrifice was the nourishment of the gods'. The ancient Hebrews
had the same notion about Javeh, and the " personal’ God of the
Christians still receives incense. Haupt regards the ambrosia used
in anointing and shampooing the Homeric heroes (Iliad, XVI., 670 and
680, XIV,, 170) as a *' scented massage cream *’. ‘' The ancients had
no scents dissolved in alcohol but perfumed greases, solid or liquid
fats, charged with odours *’. That smelling and drinking may become
synonymous is clear from the saying quoted by Haupt from Ben
Johnson (‘‘the most divine tobacco I ever drunk '’ ) and the Arab
expression “‘ to drink smoke ” instead of ‘“to smoke tobacco .
Sunamitism is also interesting in this connection. Henning (1916)
savs: " The belief that the breath and perspiration of young human
beings have a tendency to prolong the lives of the aged is well known
from the relations of David to Abisag of Sunem (Kings I. 1-4). This
magical superstition propagated its waves down to our own time and
is responsible for many curiosities (J. H. Cohausen, Von der seltenen
Art sein Leben durch das Anhauchen jingerer Madchen bis auf 115
Jabr zu verlangern. Stuttgart, 1847) .
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to direct their flight more readily. The late F. W. L.
Sladen, a well-known authority on Bombinz, once showed
me in Canada how the males of some of our humblebees
find the virgin females. The latter flv into the recesses
between the roots of large trees and there discharge a
peculiar and even to the human olfactories distinctly
perceptible odour, which is so heavy and diffuses so
slowly that the males are able to follow the scent from
tree to tree and thus overtake their mates. Similar
behaviour is also exhibited by the males and females of
solitary bees, with the substitution of flowers or foliage
as places of deposition of the odour instead of the recesses
of tree-trunks. Every collector of female Andrenas must
be familiar with their powerful odours, which apparently
emanate from the large glands of the facial fovez to which
I referred in a former lecture.

I admit that in my paper of 1918 I failed adequately
to emphasize the réle of olfaction in the reciprocal
behaviour of the social insects. It would seem, however,
from the foregoing discussion that the question as to
whether an ant or bee smells or tastes its food, a larva,
pupa or another ant or bee with its antenne, is largely
academic, or at anyv rate of no very great phyvsiological
significance. Since the words “* taste "’ and *‘ smell *" are
charged with anthropomorphism and the stimuli in both
cases are chemical, it would be better to use the word
““ chemorecept . And since, moreover, the food stimuli
are necessarily chemical, I can see no reason to change the
term ‘‘ trophallaxis ”” because it happens that much of
the behaviour of social insects is what we have been
calling “ olfactory . Nor is the fact that some of this
behaviour depends on stimuli other than food a valid
argument against trophallaxis, since I have never asserted
that it includes all the social activities. I believe, never-
theless, that it constitutes the most essential characteristic
of the social medium. If we compare the distribution of
food in the colony regarded as a superorganism with the
circulating blood current (‘“internal medium ”) in the
individual insect or Vertebrate, trophallaxis, as the
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reciprocal exchange of food between the individuals of
the colony, may be compared with the chemical exchanges
between the tissue elements and the bloed and between
the various cells themselves. As stated in the passages
quoted from Child (p. 231) this process necessarily
involves not only the transportation and distribution of
nutritive materials but also the transmission of stimuli,
or excitations among the living elements. And inasmuch
as the diverse alien organisms that have taken up their
abode in the nests of social insects in many cases really
constitute integral parts of the colony, much as some of
our domestic animals form integral parts of human
society, the guests and parasites of the social insects are
also to be included in the trophallactic circuit.! The facts
and arguments that support this statement will be
presented in the two following lectures.

* Cf. De Grange (1923): ' Sociological phenomena are never
exclusively human. Lower animals were often an integral part ot the
primitive group. The dog, e.g., was in no.sense a competitor of the
savage, subjugated by cunning or force, nor a mere object of luxury,
but a veritable ally, a socius ".



X

THE EVOLUTION OF THE GUESTS AND
PARASITES OF THE SOCIAL INSECTS

THE singular success of the social insects in creating for
themselves a peculiar medium has exposed them to the
invasion of a host of greedy guests and parasites, which
it is now our task to consider. Nearly all of these
intruders are Arthropods, and the great majority are
Hexapods belonging to the most diverse families and
orders. Why so many alien species should come to live
in the nests or trophoporic fields surrounding them is
obvious when we think of the many attractions and
opportunities afforded by the social medium. In the first
place, the galleries and chambers of the nests furnish very
convenient hiding places and are, moreover, owing to the
congestion of their population and especially during cold
weather, of a somewhat higher temperature than the
surroundings. Secondly, the refuse, the weak and dying
or even the able-bodied workers, and particularly the
mert and defenceless larva and pupaz represent an
abundant supply of food. And thirdly, since the social
insects have a more or less pronounced tendency to repel
aggressive enemies of all kinds, all small organisms that
can elude the hostility of the owners of the nests may
share in the general protection. The disadvantages are
less obvious, but they are real nevertheless, because the
workers, even of the same nest, often vary considerably in
their toleration of intruders. And even when most of
the workers of a colony are willing to tolerate or adopt a
strange insect, the latter may be eventually ejected or
destroyed if there be present only a few persistently
hostile and intolerant workers, since they must sooner or
later come in contact with the intruder. Hence unanimous

-
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toleration or adoption on the part of the colony has to
be secured by any insect if it is to become a regular guest,
and this is more difficult than would be supposed. It is
therefore surprising to find so great a number of satellites
in the nests of all the various groups of social insects. We
can most naturally divide all these creatures into two
groups, namely, other social insects (social parasites}),
and sporadic, solitary, non-social species. The latter I
shall discuss here and devote the next lecture to a
consideration of the various social intruders.

The attraction exerted on alien insects by the colonies
of the social species 1s interesting also in connection with
certain matters to which Cuénot (1911) has called attention.
He was of the opinion that uninhabited areas, the * places
vides "’ as he called them, tend to attract faunal elements
more strongly than areas already stocked with organisms.
But Rabaud (1911, 1917, 19224) and Picard (1919) have
shown, on the contrary, that the more densely inhabited
an area, the more it tends to attract additional species,
whereas the * places vides "’ exert no such attraction and
often remain for indefinite periods altogether uninhabited.
Since the nests of the social insects, though among the
most densely inhabited areas in nature, nevertheless
constantly tend to withdraw and retain additional alien
inhabitants from the general environment, they may be
cited as a striking confirmation of the truth of Rabaud’s
and Picard’s contention.

It is by no means easy to classify the Arthropod
invaders of the social medium. Perhaps the most
convenient general grouping would be into sphecophiles,
melittophiles, myrmecophiles and termitophiles, according
as they are associated with the wasps, bees, ants or
termites. We 1night also classify them according to the
types of relationship which they have developed towards
their hosts. Wasmann, after many years of painstaking
investigation, has adopted the following five categories :

(1) Synechthrans, or predators, i.e., species which prey
on the social insects or their brood and are not, as a rule,
tolerated but persecuted.
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(2) Svnceketes, or commensals and scavengers, which
are ignored or indifferently tolerated. Theyv are evidently
either odourless or possess neutral odours which fail to
arouse the curiosity or animosity of their hosts.

(3) Trophobionts, or insects such as the Aphids, Coccids,
Membracids, etc., which excrete honey-dew, and the
larve of certain Lepidoptera (Lycznida), which produce
sweet secretions, and may therefore be attended or even
cherished by their hosts. These trophobionts live mostly
outside the nests in the trophoporic field, but may
occasionally occur within the nests (on the roots of plants,
on the lower surfaces of stones, etc.).

(4) Symphiles, or true guests, which have established
the most intimate and amicable relations with their hosts
and exhibit special structural adaptations (trichomes,
exudatoria, etc.) to their peculiar mode of life.

(5) Parasites (sensu strictiore), which live either on or
in the individual social insect and may therefore be
classified as externsal or internal.

In general Wasmann’s groups represent categories of
increasing intimacy of the intruder with the host. The
symphiles and parasites have evidently been developed
from synechthrans or synceketes, and in so far as they are
Hexapods, the parasites are mostly parasitoids in the
sense assigned to that word in an earlier lecture. Although
Wasmann'’s classification is the best hitherto devised, it
can hardly be regarded as altogether satisfactory or
definitive. Not only do some forms exhibit the
distinctive behaviour of different categories in their larval
and adult stages, but several combine the behaviour
characteristic of more than one category in a single stage
of their life-history. Still others exhibit such aberrant
behaviour that it is difficult to place them in any of
Wasmann’s categories. At least one of the categories,
that of the symphiles, occurs only among the myrmeco-
philes and termitophiles, and though bees and wasps may
feed on the honey-dew of Aphids and Coccids, this
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excretion is very rarely solicited directly.* Hence the
sphecophiles and melittophiles are all either predators or
parasitoids which attack the brood, or scavengers
(synceketes) which feed on the materials of the nest or on
refuse. Certainly the most interesting and far and
away the most numerous intruders live with the ants and
termites. Unfortunately no one has endeavoured to
treat the sphecophiles and melittophiles comprehensively,
but enough is known about them to make it certain that
any young investigator who is willing to devote the same
patient study to them that Wasmann, Donisthorpe,
Silvestri, Mann, Reichensperger and others have devoted
to the guests of ants and termites, will be amply rewarded
for his pains. As I shall have to give considerable
attention to the myrmecophiles and termitophiles in this
lecture, my account of the guests of wasps and bees will
have to be brief.

The sphecophiles belong to several orders, one of the
most singular of which, the Strepsiptera, comprises
internal parasites of both solitary and social Vespids.
In North America the solitary species of Odynerus,
Eumenes and Zethus are occasionally stylopized by a
peculiar genus, which is now being studied by one of my
students, Dr. George Salt. The species of Xenos, both in
Europe and North America, are peculiar to the social
wasps of the genus Polistes. Occasionally as many as
25 per cent. of the wasps in a given locality, may be
infested by these Strepsiptera (see Wheeler 1910b).
According to Roubaud (1924), the African social wasps
of the genus Belonogaster are only rarely stylopized,
evidently by some peculiar Strepsipteran genus. Other
singular sphecophiles related to the Strepsiptera belong to
the Coleopteran family Rhipiphoride, of which Chobaut
(1891) described one species, Emenadia flabellata, as
feeding in the larval stage on the brood of Odynerus
simulator, and Chapman (1870), Murray (1870) and others
have described the very similar development of Met@cus

* Belt (1874) gives an account of a Nicaraguan wasp which attends
Plantlice and solicits their honey-dew in the same manner as ants.
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paradoxus in the nests of Vespa. There are also several
peculiar Hymenopterous sphecophiles. The parasitism
of Trigonalids on the larva of various wasps was mentioned
in my second lecture, and Bequaert has recently taken an
interesting Chalcidid, Polistomorpha, in the nests of
certain Polybiine wasps in Honduras. E. André, who
published a valuable review of the European sphecophiles
as early as 1881, cites the Ichneumonid Tryphon vesparum
as a well-known parasite of Vespa germanica and vulgaris,
and several other species (Crypturus argiolus, Mesostenus
gladiator and Ephialites extensor) as parasitizing the larva
of Polistes. Mutilla brutia and littoralis also invade the
nests of the latter wasp. Brauer (1869) records the
Neuropteron Trichoscelia, which is allied to Mantispa,
as developing in the nests of a South American honey-
storing Polybia. The larve of a small Tineid moth,
Melissoblaptes anmellus, is known to destroy the nest-
materials of Vespa. Among the Diptera, there are at
least three remarkable groups of sphecophiles, namely,
various species of Volucella (zonaria, 1nanis, etc.) some of
which were long ago exhaustively studied by Kiinckel-
d’Herculais (1869, 1870, 1875-81, 1895), certain species of
Conopide and of the Tachinid genus Anacamptomyia.
Roubaud (1924) has published a beautiful and suggestive
paper on this last genus, which comprises internal
parasites of Belonogaster larva. Various authors have
called attention to a number of beetles which are either
predators, like the Staphylinid Quedius dilatatus in nests
of European Vespa and Triacrus superbus in nests of
Polybia vicina in Brazil (Wasmann, 19o4), or merely
scavengers living in the refuse of the nest (small species
of Staphylinidee, Cryptophagide, Dermestide, Phoridz,
etc.). The larvae of the Syrphid Microdon, though more
frequently associated with ants, have also been found in
Vespa nests.

No less multiform are the melittophiles, which are
associated with all the groups of social bees, except,
perhaps, the South African species of Allodape. The
Halictinz, which, as we have seen, nest gregariously, are

hd .
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infested by many parasites and scavengers (flies, beetles,
Mutillids, etc.) as Melander and Brues (1903) have shown
in the case of North American Chlorelictus pruinosus. The
Bombinz have long been known to be parasitized by
Mutillids, Conopids, Tachinids, Meloids and the peculiar
nematode worm Sphacrularia bombi, which has been
studied by Réaumur (1742), von Siebold (1836), Lubbock
(1861), Schneider (1883, 1885}, Leuckhart (1887), Dimmock
(1886) and Frison (1926). Their waxen cells are devoured
by the larve of moths, Aphomia colonella (Hase, 1926) in
Europe and Vitula edmondsi in North America (Packard,
1865, Frison, 1926), while the refuse of the nest is eaten
by the larvae of beetles of the genus Antherophagus
(pallens, silaceus, ochraceus, etc.), which in the adult
stage, visit flowers and there attach themselves to the
legs or antennz of the bees so that they can be carried
into the nests (see Wheeler, 1919¢, Frison, 1926). The
genus Volucella furnishes a remarkable series of humblebee
brood parasites, which are often coloured like their hosts.
They are common in Europe, but nothing has as yet been
written on the habits of our American species. In 1924,
Gabritchevsky published an interesting paper on the
genetics and mimicry of V. bombylans, haemorrhoidalis,
flava, plumata and caucasica. He finds that these five
forms are merely varieties of a single species, since they
hybridize readily and produce offspring in Mendelian
proportions. The same investigator has more recently
(1926) studied our North American forms of Volucella
bombylans and finds that they show striking colour-
resemblances to the various species of humblebees of the
same geographical areas. Even the Meliponine bees have
their peculiar guests. Wasmann (1go4) has recorded a
predaceous Staphylinid, Belomuchus mordens, and four
species of the Silphid genus Scotocryptus, taken by Goeldi
in the nests of some six species of Melipona in Brazil,
and a Silvanid beetle, Naustbius clavicornis and its larvae
as living in a nest of Trigona ruficrus. Quite a number of
insects have long been known to infest honeybees (see
Assmus, 1865). The most famous are the common
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wax-moth, Galleria melonella (Phillips, 1907, Hase, 1926),
which destroys the combs, the Clerid beetle, Trichodes
apiarius, and certain species of Meloe which in Europe
prey on the brood, the tiny, wingless and aberrant
Dipteron, Braula cezca, the ‘‘ bee louse ”’, which is an
ectoparasite, and Mermis albicans which is an ento-
parasite, of individual bees. Of course, the bacteria,
moulds, and Microsporidia, to which various well-known
bee-diseases are due, should also be included among the
parasites of the Apinz (see White, 1go6). ‘* Isle of Wight
disease ” has been shown by Rennie, Harvey and White
(x921) to be caused by a minute mite (7 arsonemus woods)
which enters the thoracic spiracles of the bee and repro-
duces in the trunks and larger branches of the trachz.
The mite, feeding on the tracheal walls, renders the bee
useless as a working unit, ““ disorganizes the social system
and eventually shortens the bee’s life. Further, these
vital effects are accompanied by pathological conditions
in the tissues. The most obvious of these is a blackening
and thickening of the tracheal wall. The thickened
trachz become progressively hardened and brittle in
texture, and certain muscle fibres become atrophied .
The number of myrmecophiles seems to be very great.
At least 2,000 species have been described up to the
present time and careful scrutiny of ant colonies, especially
in the tropics, is continually bringing to light new and
remarkable forms. Although the order Coleoptera con-
tributes most of the species, nearly every order of insects
and several of other classes of Arthropoda are represented.
The behaviour of these organisms is so unusual that whole
volumes would be required for their adequate description.
Here I can present only some selected examples to show
the diversity of relations which they bear to their hosts.
The synechthrans or persecuted intruders are mostly
Staphylinid beetles which lurk in the less frequented
galleries of the nests, avoiding contact with the ants as
much as possible and preying on the brood or enfeebled
adults. As this category is of no unusual interest I will
cite only a single example, a rather common beetle in the



GUESTS AND PARASITES 253

nests of our North American Formica exsectoides,
Megastilicus formicarius, which somewhat resembles its
host in coloration and form. When confined with the
ants in an artificial nest, it is invarably killed within a
few hours, but in the natural nests it adroitly eludes its
host in the same manner as the European species of
Mytmedonia, for when an ant tries to seize it, it raises the
flexible tip of its abdomen and emits a whitish fluid,
which causes the ant to start back as if a flask of ammonia
had been suddenly uncorked in its face, a manceuvre
which, of course, gives the beetle time to escape.

A very large proportion of the myrmeophiles are
synceketes, or tolerated inquilines, but in behaviour they
are so diverse as to defy classification and in some cases
merge into the group of symphiles. Many belong to a
group which I have called neutral synceketes, because
they live quite unnoticed by the ants on the refuse or
nest materials. Tvpical examples are the small white
panmytmecophilous Podurans of the genus Cyphodeira,
the slow-moving, snow-white European Isopod, Platvar
thrus hoffmannseggi, many small beetles, mites, Phoride,
Lepidopteran and Dipteran larva and the singular larvae
of Microdon. The food of the Microdon larve long
remained unknown till Donisthorpe (1912, 19214) showed
that it consists of the small pellets (*‘ boulets de netto-
vages ') cast out of their infrabuccal pockets by the ants.
More recently Borgmeier (1923) has found that the larvae
of a Brazilian species actually devours the larve of its
host, the common fire ant, Solenopsis sevissima. The
moth Wurthia aurivillei, which Kemner (1923) describes
as living in the silken walls of the nests of Polyrhachis
bicolor in Java and regards as representing a new type of
myrmecophily, * hyphanosymphily ”, is clearly a
syncekete like so many other Tineide. Among the
synceketes must also be included a large number of
Staphylinid and Histerid guests of the Dorvline ants,
Eciton in the New and Dorylus in the Old World tropics
(Wasmann, 19104, 1915¢, etc.). These beetles probably
devour portions of the prey collected by their hosts and
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carried into their temporary nests. Some of the
Staphylinids are supposed by Wasmann to be protected
from their hosts by their ant-like form and the peculiar
texture of their integument, which closely resembles that
of the Doryline, others by their broad, convex bodies
and hard or slippery surfaces. Another group comprises
the myrmecocleptics, the best examples of which are the
many species of the Thysanuran genus Atelura, of world-
wide distribution. Atelura formicaria (Fig. 61), first
observed by Janet (1896), might be regarded as a
synechthran, since it is sometimes threatened by the
ants which are unable to hold it fast on account of its
slippery integument and rapidly tapering abdomen. It
moves cautiously about among the ants (Lasius mixtus)
and snaps up the droplets of food while they are being
regurgitated by one ant to another. An even more
interesting myrmecocleptic is the larva of a small Phorid
fly, Metopina pachycondyle, which I observed in Texas
(19014) in the nests of the Ponerine Pachycondyla
montezumia. The larva of this ant is fed by its worker
nurses with fragments of insects placed on the broad,
dish-like ventral surface of its abdomen and the Metopina
larva, which encircles the neck of the ant-larva like an
Elizabethan collar, reaches forward with its head and
partakes of the feast. When both ant-larva and com-
mensal are full-grown, the-former spins a cocoon and
within it the latter forms its puparium at the posterior
pole. The adult ant emerges first, leaving at the anterior
end of the cocoon an opening through which the fly can
escape.

Finally there is a group of svneeketes which spend much
of their time licking or nibbling at the surfaces of the
adult ants and evidently deriving some nutriment from
the secretions or exudates covering their bodies. The
nearly blind crickets (Fig. 62) of the genus Myrmecophila
(Wheeler (19ood), Wasmann (1go1), Schimmer (1go9,
1910)) and the Staphylinid beetle Oxysoma oberthiiri
(Fig. 63) of North Africa (Escherich, 1go2) belong to this
group ; also the small subapterous roaches of the genus

¢ [
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Attaphila which live in the fungus gardens of the leaf-
cutting Attini. I described the typeof thegenus, Attaphila
fungicola, from the nests of A#a texana in 1900 and have
recently taken the same species in British Guiana in the
fungus gardens of A. cephalotes and in those of
Acromyrmex octospinosus in Panama. In the meantime
a few other species of the same genus have been described
from the nests of other Attini in South America. Shelford
(1906, 1go7) has described an allied roach, Sphecophila
polvbiarum from the nest of Polybiine wasp, Polybia
pygmeea, in British Guiana and a second species, S.
termitium from East African termitaria.

In this place I may also consider several peculiar
synceeketes and synachthrans which have been observed
more recently and are of unusual interest because they
either live entirely outside the ant nests in the trophoporic
field or are actually imported from the latter by the ants
into the nest and there exhibit quite a different type of
behaviour. They are the more remarkable because they
belong to the orders Diptera, Lepidoptera and Heter-
optera, orders which we should hardly expect to acquire
such specialized relations to ants.

(1) Certain paleotropical Calliphorinz belonging to the
genera Bengalia and Ochromyia are known to station
themselves near files of foraging or migrating ants and
to rob them of their prey or brood. These flies differ
markedly from other Calliphorina in the structure of the
proboscis, which is stiff and chitinized, with strongly
toothed tip, directed forward. The recorded observations
on these flies, which were first studied by Nangle (1905)
in India and E. E. Green in Ceylon (1906, 1908) have been
recently reviewed by Bequaert (1922), who has observed
them in the Congn.*

! The flies observed by Nangle and Green were Bengalia obscuri-
pennis and were hunting winged termites fiving at night. J. W.
Yerbury saw the same species ** trving to take her burden from a large
ant (Lobopelta species)’”. F. W. Thompson made the following
observation with regard to the Indian B. jejuma (Fabricius): ‘1
alwzyvs noticed specimens of this species on the ground, or on a stone
or leaf near an ant’s nest. On watching I saw them swoop down
on an ant carrying an ‘ egg’ or larva, take it from the ant, carry it
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(2) Ptilocerus ochraceus is a very interesting Javanese
Heteropteron, which preys on the ants in the trophoporic
field. Its structure and behaviour have been described
by Kirkaldv (rg9rr) and Jacobson (19118). Omn the
middle of its ventral surface it possesses a peculiar gland
with a flame-coloured tuft of hairs (trichomes). Station-
ing itself along the foraging file of a common East Indian
ant, Hypoclinea bituberculata, it at once becomes alert
on the approach of an ant and raises the anterior portion
of its body so as to display its trichomes. Their odour
attracts the ant and incites it to lick and nibble them.
The bug quietly submits, merely folding its forelegs over
the ant’s head as if to make sure of its prey. The ant
often milks so avidly with its mandibles at the trichomes
that it moves the bug up and down. But the secretion
of the gland has a toxic and paralyzing effect on the ant.
As soon as the poor creature draws in its legs and is about
to topple over, the bug seizes it with the forelegs, runs its
proboscis through one of the thoracic sutures or preferably
into an antennal insertion and sucks out the contents of
its body. That the paralysis is due to a substance
imbibed by the ant from the gland and not by a thrust
of the bug’s proboscis is, according to Jacobson, “ proved
by the fact that a great number of ants, after having

away a short distance and proceed to suck it’’. Bengalia latro de
Meijere in Java lurks in the neighbourhood of the column of Pheido-
logeton diversus (Jerdon); when a worker ant comes along carrying
its prey, the fly dashes into the moving ant column, quickly steals the
prev from the carrier and returns to its perch where it devours its
catch at leisure (Jacobson 1910, de Meijere 1910). Lastly, C. R. Dutt,
in his interesting * Life Histories of Indian Insects’’ (19rz2), writes
of Moanomorium indicum Forel as follows : ‘* One morning I observed
the inmates of a nest marching out with voung ones. Close to the
nest was sitting a Muscid flv (Ochromyia species; which attacked from
time to time the larve and pup® which were being carried by the
workers. The fly never snatched the victim from the grasp of the ant,
but simply “ licked "’ it from its place with the proboscis, which
when withdrawn left the larva or pupa quite shrivelled up’. The
African Bengalie evidently have much the same habits as their
Indian congeners. According to W. A. Lamborn (1913, 1010), * Ben-
galia depressa (Walker) in Southern Nigeria, regularlvy follows the
marauding armies of Dorylus nigricans, to rob them of their prey.”
See also Surcouf and Guvyon (1912), Cragg (1917-1918) and Farquharson
- (1919).
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licked for some time the secretion from the trichome,
leave the bug to retire to some distance. But very soon
they are overtaken by paralysis, even if they have not
been touched at all by the bug’s proboscis. In this way
a much larger number of ants is destroyed than actually
serves as food to the bugs, and one must wonder at the
prolificacy of the ants which enables them to stand such
a heavy draft on the population of one community ".
Both the nymphal and adult Ptiloceri attack the ants
indiscriminately, and though the bugs are local, they may
infest the ant-trails in considerable mumbers.

(3) A much more benign exploitation of the ants in the
trophoporic field is exhibited by the beautiful dark-
coloured, silver-spangled paleotropical mosquitos of the
genus Harpagomyia. Their distribution and taxonomy
have been investigated by Muir (1918), Edwards (1922)
and others, their metamorphosis by de Meijere (1909,
1911), and their remarkable behaviour by Jacobson
(1909, 1911d) in Java, James (1914) in Ceylon, Banks in
the Philippines and Farquharson (1918, 1922) in Nigeria.
Harpagomyia breeds in the water-filled cavities of tree
trunks and in the same situations frequents the trails of
various species of Crematogaster, importuning the ants
for regurgitated food and receiving it without difficulty.
The feeding process has been carefully described by
Jacobson and Farquharson. I cite the latter’s account of
H. farquharsons (1918, p. XXXIV). The Crematogasters
while running up and down the tree trunks are constantly
“ making little regurgitory exchanges ’ of food with one
another and it is this trophallactic behaviour which the
mosquito exploits. The insect ‘“ hovers an inch or less
over the line of ants (at times resting on the stem and
dodging out of the way when necessary), till it sees what
is-presumably a likely ant. If the ant is running down-
wards the mosquito drops down (in flight) also, keeping a
little in front of the ant—as near as possible without
touching it. The ant tries to evade it, but the mosquito
as a rule declines to be put off, and the ant at last stops.
The mosquito quickly settles and the usual rapid exchange

17
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begins, the mosquito thrusting out its proboscis—which
when not in action is carried bent under the body much
like the rostrum of a Reduviid bug—so that the swollen
end is practically within the ant’s jaws. I have seen the
ant’s palpi (not the antennaz) vibrating on it. The
swollen portion of the proboscis is undoubtedly capable
of independent movement. I may say that the mosquito
is not ‘nervous ’, and I have had no difficulty in several
cases in standing with my eyes sufficiently close to the
two insects to make out the ant palpi and the proboscis
movement in the mosquito. The ant raises its head
slightly when the exchange takes place ”. Farquharson
(1918, 19224) has also described the behaviour of other
small Nigerian flies (Mztlickia argyraloides, preaectes,
proseetes and dectes) which solicit and receive food from
the ants. Another species, a Cecidomyid, Farquharsonia
rostrata (Collin, 1922), was seen flying over the carton
nests of Crematogaster alligatrix, approaching the ants
engaged in feeding one another and adroitly snatching
portions of the regurgitated droplets, thus exhibiting a
type of behaviour like that of the Atelura described by
Janet. .
(4) Even more extraordinary is the behaviour of
other midges described by Jacobson (1gog) and Farquhar-
son (1918, 19224). The former observed a Milichiid,
Prosetomilichia myrmecophila (de Meijere, 190g) which
runs about after the ants (Hypoclinea bttuberculata) and
licks the tips of their abdomens, evidently feeding on the
anal secretions. Occasionally this fly was also seen to
imbibe the excretions (honey dew) of Membracid nymphs.
The fly observed by Farquharson is an Ephydrid,
Rhynchopsilopa apicalis (Collin, 1922). It was first seen
(1918) feeding at the anus of dead Crematogaster workers,
but later (19225) Farquharson observed it running after
and licking the tips of the abdomens of living ants, like
the Javanese Prosaztomilichia. Both observers describe
the ants as resenting the persistent and impudent
attentions of the midges.

The three following cases refer to Lepidopteran
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caterpillars which acquire relations to the ants after being
carried by them into their nests :—

(5) F. P. Dodd (1912) found that the first-stage larva
of a small gray Queensland moth, Cyclotorna monocenira,
is ectoparasitic on a Jassid Homopteron which feeds on
certain trees and is attended and * milked” by
Iridomyrmex sanguineus. The ant carries the parasite
but not the Jassid into its nest. There the former spins
a temporary cocoon and later emerges from it as a peculiar,
flat, bright red, second stage larva, with two long tails.
In this stage it subsists ‘* solely on the ant grubs by sucking
out their juices ”’, but as in the case of Lomechusa in the
nests of the European Formica sanguinea, the ant is
partially recompensed for the destruction of its brood.
Dodd says : ‘“ Reference has been made to the caterpillars
raising their terminal segments, even the small ones from
the cocoons doing so. This was quite sufficient to warrant
investigation. Consequently at various times I have
placed them with ants and grubs under glass, in order
that they could be seen to advantage and without risk
of disturbance. When the anal parts are protuded, an
ant generally soon becomes aware of the fact and will be
seen to pay these great attention. I soon noticed that a
liquid, often perfectly transparent (it looks so on the
blue-green ground, probably was pale bluish), is emitted,
and that it is greedily drunk up by the ants. Over and
over gain, with and without a lens, I have seen this issue,
and the ants speedily absorb it. Some ants, perhaps
hungry or more enterprising than others, would take
in a supply from a second caterpillar. If an ant is not
satisfied with the quantity given out, she deliberately
seizes the protruding parts and gives them a gentle nip,
the mandibles can plainly be seen to press upon the juicy
flesh ; if the hint is not immediately acted upon a more
vigorous squeeze is given, and the tails may be gripped
and pressed. This is very comical, the ant’s meaning is
unmistakable and the caterpillar so thoroughly under-
stands it, too, for a second hint never fails. This liquid,
though frequently quite clear, isoften mixed with yellowish






Plate XXXIX.

Fig. 64. Myrmecophilous caterpillar and chrysalis of a butterfly, Hamearis epalus
signatus. (After C. Bruch.)

Frc. 65.  A. Adranes lecontei of North America and B. Claviger festacens of Europe,
two guest beetles, with golden vellow trichomes ar the tips of their wing
cases and at the base of the abdomen.
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Plate X1..

Fic. 66. Various species of Paussidae. . Plewroplerus brevicornts. B. Paursmr
bova. C. Pentaplatartbrus natalensis.” D. Paursur dama. E. Lebioderns
goryi. F. Paussur spiniceps.  (After E."Wasmann,)

FiG. 67. Waorker of the blood-red slave-maker, Formica sanguinea, feeding its
guest beetle, Lomechusa strumasa. (After H. K. Donisthorpe.)
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and adapted to stroking the host {Clavigeridz) or broad
and compacted so that the ants can use them as handles
by which to drag or carry the guests about in the nests
(Pausside). Wasmann has made a detailed study of the
European symphiles and especially of the Lomechusini
(19154), but our knowledge of the behaviour of
tropical ants guests is still very meagre." I referred to
the Lomechusini in a previous lecture, in connection with
the production of pseudogynes in colonies in which these
beetles breed. Brief statements in regard to Lomechusa
strumosa (Fig. 67), one of the most typical and certainly
the best known of symphiles, may here be added. In its
larval stage this Staphylinid is really a predatory parasite
in the nests of Formica sanguinea, devouring the ant
larvae. The fat tissue of the Lomechusa larva probably
supplies the ants with an agreeable exudate, and the
adults certainly furnish an agreeable secretion from their
abdominal trichome glands. When the larva, which are
evidently treated as if they were ant larvae, mature, they
are buried in the soil, in the same manner as the ant larva,
in order that they may pupate. The pupz are also
unearthed like the ant pupa, after they have spun their
cocoons, but this treatment is fatal to the parasites and
only those that have been overlooked or forgotten (?)
and left in the soil are able to develop into adult beetles.
After the greater part of the ant-brood has been destroyed
by the Lomechusa larve, many of the neglected queen
larvae, as we have seen, develop into pseudogymes, or
pathological forms intermediate between workers and
queens and unable to perform the functions of either of
the castes which they imperfectly represent. This is in
its essential outlines the history of Lomechusa and I must
refer for the details to Wasmann’s many papers (see
bibliography in his papers of 19152 and 1920).

Lack of space also prevents me from considering the
parasitic myrmecophiles. Some of the more interesting
of them, such as the Eucharide and Mermis, which pro-
duce distinct structural modifications in their hosts, have
been described in preceding lectures, and many other

! The reader will find an excellent account of British myrmecophiles
in Romsthorpe's Guests of British Ants (1927).
+
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forms, such as the mites, parasitic fungi, etc., are so
similar to those which infest solitary insects that they
offer little of interest for the present discussion. We may
therefore turn to the termitophiles, which may be grouped
very roughly in the same categories as the myrmecophiles,
i.e.,assynechthrans, synceketes, symphiles and parasites.
The category of trophobionts is not represented, since the
termites have never learned to solicit the saccharine
excretions of Homoptera and Lycznid caterpillars.
Although the termitophiles have been less studied than
the myrmecophiles, nevertheless between 600 and 700
species are known. At least 70 per cent of them are
Coleoptera ; the remaining 30 per cent belonging to a
number of insect orders. Warren (191g) has drawn up
a table to show the distribution of termitophiles known
in 1919. Since that time some representatives of other
orders have been added, notably Braconid Hymenoptera,
of which Cushman (1923) has described two species of
Ypsistocerus from Bolivia and Brues (19234) a species of
Termitobracon (7. emersomt) from British Guiana. In
his list Warren cites the number of Ethiopian termito-
philes (319) as greatly exceeding that of any other region,
but so many species have been recently discovered in
South and Central America that we shall probably have
to regard the neotropical region as possessing the largest
number of forms. This is true also of other organisms ;
the exuberance of the insect fauna, especially, of the
American tropics is almost inexhaustible. Very few
termitophiles are known from the nests of primitive
termites (Calotermitide), the great majority having been
taken from the very populous termitaria of the Termitide.
Similarly myrmecophiles are rare in the small colonies
of the primitive subfamilies of ants (Ponerine, Cera-
pachyinz and Pseudomyrminz) and numerous in species
and in individuals only in those of the more specialized
Doryline, Myrmicina, Dolichoderine and Formicine. In
other words, the guests and parasites are most readily
tolerated and adopted in the colonies of the most
highly socialized species of ants and termites—a
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suggestive fact, which has not been sufficiently stressed
in the literature.

Owing to the fact that nearly all the termites are
tropical, little is actually known of the behaviour of the
termitophiles. Living as they do in dark, cool galleries,
thronged with their hosts, they certainly have a more
highly specialized and less diversified medium than the
myrmecophiles. In nearly all cases the relations with
the hosts have been inferred, with more or less probability,
from the structure of the termitophiles and not from
actual observations or experiments. Warren (1919) has
so clearly summarized our present knowledge of these
relations that I quote his remarks :—

“1It is clear from the condition of the mandibles that
many termitophiles attack the young of the termites and
suck the fluids of the body, and thus should the termito-
philes in a nest be numerous, the community would be
injured by their presence. It is accordingly necessary
that the termitophile should adopt some means for
cajoling the termite-community, since it is quite obvious
that no termitophile could withstand a combined attack
by a number of soldiers or workers. The various means
adopted may be now summarized :

(1) By the assumption of a simple, rounded contour
the body may be rendered inaccessible to easy attack,
and further, it may be flattened and very smooth. This
is the defensive type (* Trutztypus ") of Wasmann.

(2) Less frequently the body is provided with stiff
bristles, which would render approach by the termites
somewhat troublesome or disagreeable.

(3) It is inherently probable that some termitophiles
can protect themselves from attack by the power of
producing a scent which is disliked by the termites, and
they accordingly avoid the intruders as much as possible.

(4) On the other hand, some termitophiles are not
shunned in the least by the termites, and they live in the
closest communication with them. These termitophiles
may possess no obvious exudatory organs, but they may
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have well-developed scent glands, and it is to be supposed
that the odour is pleasing to the termite community.

(5) Other termitophiles are provided with conspicuous
outgrowths from the body, and their microscopic structure
indicates that fluids exude from them. From analogy
with myrmecophiles it is certain that these fluids eithel
evaporate and form an agreeable perfume or are licked
up by the termites,

(6) In a few cases the bodies of termitophiles carry
clusters of bright yellow hairs. Such yellow hairs are
frequently present on myrmecophiles, and the ants of the
nest have been seen to lick them with great assiduity.
Dr. Brauns has drawn my attention to the occasional
occurrence of these hairs in termitophiles, and we may
suppose that they have a similar attraction to the
termites.

(7) Sometimes the bodies of termitophiles are greatly
inflated, or physogastric, as it is called, and there may
result a marked mimicry of the young or adult termites.
This general resemblance to the termites would assist in
rendering the termitophiles less liable to attack ; but it is
doubtful if the origin of physogastrism is to be explained
wholly on these lines.”

It is obvious that the course of termitophile evolution
paraliels that of the myrmecophiles. In both cases there
1s the same origin from synechthrans and synceketes,
which, as they become more intimate with their hosts,
gradually take on the peculiar characters of symphiles.
Warren does not consider the internal and external
parasites or the important symbiotic protozoa mentioned
In a previous lecture. He calls attention, however, to
the interesting fact that the peculiar adaptive modifica-
tions in all seven of his termitophile categories are met
with as independent lines of development in each of the
termite regions in which the guests have been adequately
studied, namely, the Indomalayan, African and South
American regions.
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The most striking characteristic of many termitophiles
is physogastry, or the excessive enlargement of the
abdomen, which closely resembles that of the hosts and
especially that of the old queens. It is due to several
causes, such as a great increase in the fatty or exudate
tissue or enlargement of the alimentary tract or repro-
ductive organs (Wasmann (xgo3), Trigardh (1go7 @ and b)
and Warren (1919, 1920)) and is especially noticeable in
certain Coleopteran larva, adult Staphylinids of numerous
genera and the strange Diptera of the genera Termitoxenia,
Termitomyia, Ptochomyia, Termitomastus, etc. In some
predatory Coleopteran larvae, like those of the Carabid
Glyptus punctulatus, which live in the nests of the African
Termes bellicosus, the physogastry is less extreme, but in
the Staphylinids it occurs in all degrees and culminates
in most remarkable, one may truly say monstrous, forms.
Warren has constructed a diagram (Fig. 68) to illustrate
the three independent lines of phylogenetic development
in the physogastry of these beetles in the three great
geographical regions, from an ordinary predaceous
Staphylinid like Myrmedonia. Among a considerable
number of forms we may select as examples of highly
developed physogastry Corymbogaster miranda from
British Guiana, Corotoca melantho and phylo from Brazil,
Ediprosoma mirandum from Africa and Thyreoxenus
pulchellus of British Guiana. The two last forms are so
aberrant that only an expert Coleopterist would recognize
them as Staphylinids. But there are even more bizarre
types, which are not only extremely physogastric but
possess in addition long exudatorial appendages, e.g., the
viviparous Spirachtha eurymedusa (Fig. 69) long ago
described by Schiodte (1853, 1856) from Brazil and the
even more extraordinary form, Spirachtha mirabilis (Fig.
70), recently discovered by Emerson in British Guiana
and described by Mann (1923). The peculiar structure of
its three pairs of exudatoria has been elucidated by
McIndoo (1923). I happened to be with Dr. Emerson
when he found a number of specimens of this termitophile
in the nest of Nasutitermes (Constrictotermes) cavifrons in

[ [y
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INDOMALAYAN ETHIOPIAN NEOTROPICAL
REGION REGION REGION

F16. 68. Diagram illustrating three parallel and independent lines of phylm:cncti_c
development of physouastric Staphilinid rermitophiles from an undifferenti-
ated tvpe. N Myrmedoric (unmoditied condition). B. Jacebsonella termitibia
Silve C. Disticta capretermrizic Wasm. D, _iticia buteeli Wasm. F. Termitatina
acsmnthi Wasm. . Termitoptochus indiens St . G, Termztopacdia kobli Wasm,
H. Terniitabia physogaitra N asm. 1 Termitoteona brawnsi Kasm. 1. 1diogas
esherichi Wasm. K. Paracorotoca akermani War. L. Termitansinms entend-
ceniensis Trag, M. Timeparthenne regine Silv. N Termitopina berers Wasm,
O.and Ot. Newsgaster inflatc W asm. P, Corotuca melantbo Schizdre. Q. Spirachtha
eurimedusa Sch. ( \frer F. Warren)

. [ face p. 266









268 THE SOCIAL INSECTS

Unfortunately the general consideration of the subject
has been wrapped in clouds of speculation, largely through
Wasmann’s unceasing efforts to remove it from the field
of legitimate biological inquiry to that of the neothomistic
philosophy which is now so assiduocusly cultivated by
the Jesuits. He has elaborated his opinions in a long
series of articles, the bibliography of which may be found
in his works of 1910, 1915 and 1920. Since his latest
article is devoted in great part to a polemic against my
views of 1918 and since I remain quite unconvinced by
his arguments, or rather assertions, I shall here repeat
some of my former statements.

Having found that particular symphiles live only with
particular ants and termites, Wasmann concludes, first,
that the latter have during their phvlogeny acquired
particular symphilic instincts as differentiations or
modifications of their original nursing and adoptive
mstincts, and second, that the true ant and termite
guests have been developed by these symphilic instincts
through a process called ““ amical selection ”’, which he
likens to the conscious artificial selection employed by
man in perfecting the numerous, often bizarre vaneties
among his domesticated animals and plants. Escherich
(1898, 1902, 1911), Schimmer (1909, 1910) and I (19104)
have never accepted this view, and I am still unable to
see that Wasmann has successfully disposed of our
arguments. The whole matter comes down to the
answer to two questions: Do ants and termites possess
special symphilic instincts ? and : Is the assumption of
amical selection necessary to account for the facts ? In
my opinion both questions are to be answered in the
negative.

It is unnecessary to consider all the various symphiles
which Wasmann has so long and so diligently studied.
A brief account of Lomechusa strumosa, his chief battle
horse and according to his own statement one of the most
typical of symphiles, has already been given and will
suffice as an illustration. He believes that Formica
sanguinea, the host of this insect, has acquired during its
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phylogeny a special symphilic instinct which impels it to
foster Lomechusa to the detriment of its colonies and
therefore to the detriment of its species, and regards the
case as furnishing a crucial argument against natural
selection and an incontestable proof of the existence of
amical selection. The same reasoning is, of course, made
to apply, mutatis mutandis, to Claviger testaceus which
lives with Lasius flavus, the Paussids which live with
different species of Pheidole, the physogastric Staphy-
linids which live with various termites, etc.

The argument looks plausible till we examine it more
critically. When we ask how the particular instinct to
foster Lomechusa became established, i.e., hereditarv, in
sanguinea, we see that Wasmann has taken a great deal
for granted. Of course, we really know nothing about
the phylogeny of sanguinea in its relation to Lomechusa.
The sanguinea queen and her fertile female offspring in
colonies that are old enough to be infested by the beetle,
pay no particular attention to the parasite and could
therefore acquire such an instinct as Wasmann postulates
only by inspiration. The workers, which do look after
the beetles, rarely reproduce and probably never reproduce
in infested colonies and would therefore not be in a
position to transmit even if they acquired such an instinct.
And as the sanguinea brood is either largely devoured or
converted into infertile pseudogymnes, so that the whole
colony tends to die out, we have anything but a favourable
environment for engendering and transmitting an mstinct
so specialized as to be concerned with a particular
symphile.! Add to this fact that Lomechusa is a sporadic
or local parasite and Wasmann's case becomes quite
hopeless. Of course, he might contend that Lomechusa
was once a universal sanguinea parasite, or, at any rate,
much more abundant and more uniformly distributed

! According to Lomnicki (1921), males produced in sanguines
colonies :nfested by Lomechusa may also be affected, becoming dwarfs,
or ‘‘ micraners ’’ only about half the length of normal individuals.
Admitting that such males may be the otspring of the workers, they
are certainly not favourable material for transmitting symphilic
instincts acquired by their mothers.
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than at present, but if this had been the case, how could
sanguinea have survived, if its ravages are as great as he
asserts, especially when we consider that this ant is
itself, as will be shown in the next lecture, a parasite on
another ant, Formica fusca and therefore dependent on
a host ?

The perusal of Wasmann’s paper leaves one with the
impression that he is bent on showing that symphily
is something biologically unique and that for every
peculiarity in ant behaviour we are bound to postulate
a specific instinct. To repeat what I said in my *“ Social
Life Among the Insects "', if three of my maiden aunts are
fond of pets and prefer cats, parrots and monkeys,
respectively, I am not greatly enlightened when the
family physician takes me aside and informs me
sententiously that my aunt Eliza undoubtedly has an
zlurophilous, my aunt Mary a psittacophilous and my
aunt Jane a pithecophilous instinct, and that the
possession of these instincts satisfactorily explains their
behaviour. It is only too apparent that the physician
has merely called the stimuli that severally affect my
aunts by Greek names, plus a suffix denoting, *‘ fondness ",
assumed their existence as entities in my aunts’ minds
and naively drawn them forth as * explanations ”. One
wonders how many more centuries will be required to
eradicate this scholastic mode of thinking so exquisitely
satirized by Moliére when he adduced the * virtus
dormitiva "’ as an explanation of the soporific effects of
opium.

The facts and considerations recorded in this and
the preceding lecture seem to me to constitute a formidable
argument against the existence of specific symphilic
instincts, for in the first place, if the relation between
parent and offspring or between the nursing workers and
the brood, is trophallactic, it is essentially the same as
the relation between host and symphile. It becomes
unnecessary, therefore, to assume that in the ants and
termites the primitive nursing instinct or behaviour,
which is a mutual feeding, has been specialized or modified

. i
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during the phylogeny in adaptation to particular
symphiles. It is difficult to see why there should be any
more reason to assume that the responses of socal insects
to particular sympbhiles have specific genetic determination
than that their tolerance for particular ecto- and ento-
parasites should be similarly determined. Slight onto-
genetic modifications well within the limits of the plastic,
or ‘‘ intelligent *’ behaviour of the ants and termites, as
responses to the specific organization and behaviour of
the symphiles, seem amply sufficient to account for the
phenomena.

But the symphilic instincts and amical selection are
only two of the peculiar notions which Wasmann has
introduced into the general consideration of the ant and
termite guests. He also operates with other dubious,
or at any rate highly speculative, conceptions such as
mimicry,! hypertely, ' Fremddienlichkeit” and the
relations of his personal Deity to the ants and myrmeco-
philes. I have no desire to discuss such opinions but
would merely point out that the biologist who falls under
their spell must sooner or later become involved in
fancies which far transcend and necessarilyv tend to deform
the facts of observation. That Wasmann has been unable
to avoid this pitfall is apparent from his account of
Termitoxenia and its allies, the peculiar subapterous,
physogastric Phonds to which I have referred. When he
first discovered them he advanced the sensational claim
that they were hermaphroditic, that they did not lay
eggs and have larvae like other Diptera, but were
viviparous, or rather imaginiparous, producing young of
the adult form, that their aborted wings were used as
organs of equilibration or as handles to enable the
termites to carry them about, that they fed as parasites
on the termite brood, etc. After these suppositions had
been repeated by Wasmann, Assmuth and others for
some years and had even been cited as facts in various

! For a discussion of Wasmann's account of ‘* mimicry ’ among
ant-guests and his incorrect use of the term, see Heikertinger (1919,
1925, 1925-1926),
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popular works, they have now been proved to be without
foundation. Brues (19o8b), Bugnion (1913) and Silvestri
(x920) have shown that Termitoxenia is not hermaphro-
ditic, and Kemner (1922, 1926) has found that it lays
eggs, has larva of a normal Dipteran type, which feed on
the termite eggs, that the adult is in all probability fed
by regurgitation, that the wings are not employed as
balancers or handles, etc. In view of the collapse of
this edifice of sensational inference, erected on a collection
of alcoholic specimens, can we be censured if we suspect
that some of the other elaborate comnstructions of the
learned Jesuit may, on further examination, prove to be
quite as insecure ?



XI
THE EVOLUTION OF THE SOCIAL PARASITES

WE come now to a consideration of the social insects
which have themselves adopted a life of parasitism in the
colonies of other social insects, a subject which has
received much attention from a number of investigators
during the past quarter of a century. Cases of such
social parasitism have been observed among all the
groups, wasps, bees, ants and termites, but are most
frequent and have been most carefully studied among
the ants. The relationships between the social parasites
and their hosts are very diverse both in their character
and in the degree of their intimacy. A parasite and host
which are closelv allied structurally and ethologically and
represent species of the same genus can obviously enter
into much more intimate relationships with one another
than distantly related species, or those belonging to
different subfamilies or orders. Thus although even
colonies of ants and termites may contract relations with
one another, thev are never very intimate and are due
either to predatism on the part of the ants or to mere
parcecism, or indifferent toleration. From the viewpoint
of evolution it is interesting to note that the numerous
cases of social parasitism now known are all sporadic and
convergent developments, and if we omit the termites as
we shall have to, owing to insufficient knowledge and the
limits of our time, and confine our attention to the
Aculeates, we shall find that the infestation of their
colonies by other Aculeates is in many of its features quite
distinct from any other known type of parasitism. The
only similar phenomena are the parasitism of human
groups and races by other human groups and races, i.e.,
b4} 18
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parasitism existing between societies of the same species,
a subject which has not received the attention it deserves
by sociologists since attention was called to it many years
ago by Massart and Vandervelde (1893). That the
erudite Giard was fully aware of the significance of human
parasitism is apparent from the fact that he gave the
Belgian investigators’ work a prominent place in the
journal which he founded, the ‘“ Bulletin Scientifique *'.*

The parasitic social wasps and bees may be briefly
considered before we pass to a review of the cases among
the ants. Even the parasitic solitary wasps are rare and
confined, as far as known, to the species of Ceropales,
Nvsson and a few species of Pompilus (pectinipes, campestris
and aculeatus) and Stizus (unicinctus). Among the social
species we know of only two parasitic forms, Vespa
austriaca and V. arcfica. The former has long been known
in Europe, where it lives in the nests of V. rufa (Morawitz
(1864), Robson (1898), Carpenter and Pack-Beresford
(1903), etc.). Recently Bequaert (1916) and Sladen (1918)
have found ausfriaca in the United States, Brtish
America and Alaska, but 1ts North American host is still
unknown, though believed to be V. consobrina. V.

1 Cases, like those recorded by Massart and Vandervelde in the
following paragraphs, and many others, will occur to any unbiased
observer of our existing human societies, or to any student of history :

“ The disturbances caused by social parasitism, which is char-
acterized by appropriation of the means of existence, are less serious
than those caused bv the nutritional parasitism whose effects we have
described. Nevertheless, social parasites may sometimes multiply
so greatly or attain such a degree of nocuity as to exhaust the workers
that support them. Spencer reports that the rapacity of Oriental
monarchs has sometimes led them to despoil their subjects to such an
extent that they were obliged to return enough produce to enable
them to sow their crops.

“ Spain, at the end of the past century, may be regarded as the
type of a community reduced to a kind of economic phthisis through
the development of parasites and insufficiently productive workers.
Under Philip III. there were 988 convents for women and 32,000
mendicant friars ; the number of monasteries had tripled during the
fifty years preceding 1624, and the number of monks had increased
in even greater proportion. The census of 1788 gave a total of
1,221,000 priests, soldiers, sailors, nobles, lawyers, government
clerks, students and servants in a population of about 3,800,000,
from which we should still have to deduct a mass of beggars, vagabonds,
etc. (Rocher, ' Principes d’Econ. Pol., I1., pp. 144 and 145. Transl.
by Wolowski.)”
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arctica, as Fletcher (1go8), Taylor and I (1921) have
demonstrated, lives in the nests of our common
V. diabolica. Both austriaca and arctica have completely
lost the worker caste, so that they are represented only
by males and fertile females. They were at one time
undoubtedly non-parasitic like their present hosts, but
are now reared and fed by the workers of the latter like
their own more favoured sexual forms. As a result of
such nurture, what were once independent social insects,
with two distinct female castes, have actually reverted
to the status of the solitary insects, with only a single
type of female.

Since many genera of parasitic solitary bees are known
(see Wheeler, 1919a), it is not surprising to find that the
social bees also have Apid parasites. In fact, all the
subfamilies, except the Apinaz, have such satellites, and
in each case it is evident that the parasite is descended
from the same genus as the host. Brauns (19o2) has
described a species, Eucondyvlops konouts, as a parasite of
Allodape, but has made no observations on its habits.
The common bees of the genus Sphecodes have been
studied by a long series of investigators: Walckenaer
(1817), Wesmael (1833), Lepeletier (1841), Spinola (1851),
Taschenberg (1866), F. Smith (1851), Sichel (1865),
Breitenbach (1878), Pérez (1884), Perkins (1887, 188¢),
Morice (1g01), Ferton (1890, 1898, 1905), Marchal (18go,
1894), Sladen (18gs5), Nielson (xgo3), Friese (1923), etc.,
but we still lack a definitive account of their relations to
their hosts, the bees of the genus Halictus. A paper by
Stockhert, which promises to elucidate this matter, has
not yet been published. From the observations of many
of the authors above mentioned it would seem that the
old Halictus females, which guard the nest entrances,
violently resist the intrusion of the Sphecodes. Ferton
(1905) saw a S. subgquadratus breaking into a nest of
Halictus malachurus : “ Unable to seize the sentinel that
obstructed the entrance with her head, she burrowed
towards the bees’ gallery and thus succeeded in seizing
and killing the guardian and cast her backward and out
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of the tunnel. A second and then a third Halictus
endeavoured to replace the first but met with the same
fate ’. After gaining an entrance to the nest the
Sphecodes apparently destroys the eggs in the completed
cells of the Halictus and lays her own eggs in their place,
so that her larval offspring do not have to compete with
the lawful owners of the stored pollen and nectar.
Sphecodes is therefore a predatory parasite. Some recent
authors (e.g. Heselhaus (x922)), however, still maintain
that this bee constructs and provisions her own cells in
the Halictus nests.*

The most interesting parasites of bees are undoubtedly
the species of Psithyrus (Apathus) which have long been
known to live and breed in the colonies of Bombus. The
European species have been studied by F. Smith (1885),
Hoffer (1881, 1888), Friese (1888, 1923), Sladen (18g9,
1912), Wagner (1907), etc., some of the North American
species by Sladen (1915), Frison (1916, 1921) and Plath
(1922). The genus Psithyrus is evidently an offshoot of
Bombus and like the parasitic Vespas has lost its worker
caste. In all probability, the species of the genus are
polyphyletic, i.e., derived from several different species
of Bombus. As in other parasitic bees, the females fail
to develop the collecting apparatus of the hind legs, but
in other respects closely resemble their hosts. In some
species this resemblance is remarkably close, especially
in colouration, and has been interpreted as mimetic, but
on the theory of a polyphyletic origin, it may be really
genetic (Plath, 1922). The female Psithyrus has some
difficulty in entering a Bombus nest, and after entering,
will not tolerate the presence of another Psithrus female,
According to Sladen, the parasite kills the host queen,
but Smith, Hoffer and Plath have shown that this is not
always, nor perhaps generally, the case. Plath finds that
our North American Ps. laboriosus, after gaining admission
to the nest of Bombus vagans, intimidates the workers by

T According to Robertson (1926) the North American bees assigned
to Chloralictus, which he regards as a genus, are probably parasitized
by the species of Paralictus. The taxonomic characters of the latter
genus suggest that it is derived from the host genus.

t .
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roughly rolling them about under her body, but does not
sting them. ‘' After this period of ‘getting acquainted’
the members of the vagans-laboriosus colony show no more
hostility towards each other than the members of an
uninfested colony.” The parasitic queen does not
always, if ever, lay her eggs in a pollen mass already
containing the eggs or larve of her host, but like the
Bombus queen, constructs her own egg-cells and like
the latter attaches them to one or more of the existing
cocoons. Nevertheless, according to Plath, the Psithyrus
female dsestroys the eggs and young larva of her host
and permits the Bombus workers to rear her own brood.
Here, too, the parasite behaves like a predator.”

Friese (1923) has published on a predatory neotropical
Meliponine bee a few brief notes of considerable interest.
He regards the species, formerly called Trigona limao, as
the type of a new subgenus, Lestrimelitta (Friese, 1903),
because the workers lack the corbula on the hind legs,
a condition which proves that they do not collect pollen.
He maintains that /imao is really a robber bee, which
overpowers the colony of some industrious species of
Tngona, drives away or kills the rightful owners of the
nest, settles down in it and feeds on the stored pollen
and honey, and then moves on to capture the nest of
some other peaceful colony.

These very brief accounts of the parasitic social bees
show very clearly that they are all more or less predatory.
The Lestrimelitta is, in fact, so highly predatory that it
can hardly be regarded as a parasite. Psithyrus also
reveals decidedly predatory traits in its behaviour on
entering the nest, in compelling adoption and in destroying
the eggs and larve of its host. The behaviour of
Sphecodes, so far as known, seems to be similar. That of
Vespa austriaca and arctica has not been studied, but they,
too, can hardly be adopted by their hosts without a
conflict.

The literature on the social parasites among ants has

! For more recent valuable observations on Psithyrus see
Frison (1926).
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grown to be so voluminous that I am unable to cite all
of it. Much of it is listed in my books (19104, 1923) and
in the first volume of Wasmann'’s ** Geselischaftsleben der
Ameisen ”’ (1915¢). As would be expected, the con-
ditions become peculiarly complicated when a social
superorganism, such as an ant colony, becomes intimately
associated with another colony. Wasmann long ago
(x8gr) divided all these consociations into two categories,
the *“ compound nests "’ and ‘* mixed colonies . Although
these are still convenient divisions, the distinction, as I
shall show in the sequel, is not as sharp as Wasmann
supposed. The compound nests are associations between
two or more entire colonies of ants, of ants and termites,
or of termites, living in close contiguity but really in
different nests and rearing their respective broods
separately. The mixed colonies of ants (none is known
among termites), represent a fusion of the personnel of
two or rarely more colonies, which occupy the same nest
and rear their broods in common. With very rare
exceptions, only one of the colonies is complete, i.e., has
a fertile mother queen as well as workers. The ants
which form compound nests may be divided into several
minor categories, the cleptobiotic, lestobiotic, parcecismic
(plesiobiotic), parabiotic and xenobiotic, or myrmecophi-
lous. Together these subgroups comprise a number of
cases, ranging from mere contiguity, based on the active
predatism of one of the components, through indifferent
toleration or a feeble codperation to a definitively
symphilic condition. The series, of which I describe
some examples, therefore parallels the progressive
development of the myrmecophiles and termitophiles,
from synechthran, through synceketic to symphilic
relations with the host.

(r) Different colonies of ants even of the same species
are so hostile to one another that their mere existence in
contiguity implies that one of the species is to some
extent exploiting its neighbour, Certain small but
aggressive species, which secure at least a portion of their
sustenance by waylaying the foraging workers of another
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species and snatching away their prey, deserve the name
of brigands (cleptobiosis). Such ants naturally make
their nests near those of the species they plunder. Thus
Dorymyrmex pyramicus in our southwestern states often
constructs its nest in the clearing surrounding or even on
the large mounds of harvesting ants of the genus
Pogonomyrmex.

(2) In the cases of lestobiosis, or thieving, the
exploitation is more subtle and efficient. The thief-ants,
all of which are subterranean and have very small workers,
nest in the earthen walls of populous formicaries or
termitaria. The chambers of the two nests are connected
by extremely tenuous galleries permitting the thief-ants
to invade the nests and devour the brood of their large
neighbours, but preventing the latter from entering the
nests of the robbers, who are either ignored or overlooked
on account of their diminutive size and neutral odour.
The abundance of food which they secure enables them
to rear very large and often deeply coloured queens and
males, but the workers themselves are condemned to
perpetual dwarfhood and a pale colouration by their
criminal mode of life. The most remarkable thief-ants
belong to the genus Carebara and are found in the huge
termitaria of the tropics. The workers of these ants are
minute, pale yellow and blind, the queens and males
deeply coloured and several thousand times as large as
the workers. Armold (1916) has recently suggested that
these extraordinary differences in size must make it
impossible for the queen to feed her first brood of workers
and hence to establish her formicary in the typical
independent manner of other ants. For this reason,
when she leaves the parental nest to take her nuptial
flight, she carries, attached by their mandibles to the
tufted hairs on her feet, several of her minute workers,
which thus accompany her till she has made her cell in
some termite mound and then take charge of rearing her
first brood (Fig. 72).

(3) Plesiobiosis, or parcecism (* neighbourliness ”’) is a
very common relationship between two or more rarely
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three or even four species of ants living in nests, often
with interdigitating but never with intercommunicating
galleries, under the same stome or in the same log.
Usually the ants of the different colonies, when they meet,
are more or less hostile. If one of the species is small and
weak it undoubtedly derives some protection from merely
living within the immediate trophoporic field of a large
and powerful neighbour, or the feebler may feed to some
extent on the refuse of the larger fornm. When both
species are large and aggressive they may perhaps find it
advantageous to present a combined hostile front to the
attacks of other ants.

(4) What Forel (1898) calls * parabiosis ’, a word
which may be translated as ‘‘ tutelage ’, seems to be a
more definite relation of mutual or unilateral protection.
In a typical case, which I recently observed in British
Guiana (1921), we have two species, a small black
Crematogaster (C. parabiotica) and a large brown Cam-
ponotus (C. femoratus) together inhabiting a large ball of
earth which they build around the branch of a tree. In
this ball, which Ule calls an ““ ant-garden ”’, because it
supports numerous epiphytes, the Crematogaster inhabits
only the superficial, the Camponotus the central portions.
When the nest is slightly disturbed the small black ants
rush out to attack the intruder, but a more serious
disturbance at once brings out the battalions of the much
larger and extremely pugnacious brown species. The
Crematogaster seem therefore to act as a skirmishing line
for the Camponotus. Although the galleries of both
species open freely into one another, and though the
workers of both forage in long common files on the
surrounding vegetation, they nevertheless keep their
broods rigidly separated.

(5) The relationship between the ants occupying
compound nests becomes still more intimate in the cases
of xenobiosis, of which Leptothorax emersoni and Myrmica
canadensis furnish the best example. As we have seen
in a preceding lecture, this Leptothorax has really
become a true guest, or symphile, feeding on the surface
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secretion of its host and being fed with regurgitated food
by the latter (Wheeler, 1g901c, 1903¢, 1go7¢c). Although
both species bring up their broods separately, it is possible
in artificial nests containing no earth, to compel them to
mingle their broods and form a mixed colony. To the
same group of guest-ants belongs another North America
species, Symmyrmica chamberiini, which lives in the nests
of Manica muiica in Utah, and has wingless males
(Wheeler, 19o4c), and the European Formicoxenus
nitidulus, which lives in the mounds of Formica rufa and
pratensis and also has wingless, but decidedly
ergatomorphic males.

Although F. mitidulus has been studied by Adlerz
(1884), Wasmann (1891, 1915¢), and Stumper (19184,
1918b, 1921), none of these investigators has been able
to determine the precise nature of its food. Stumper
believed that it feeds on the rain water charged with
vegetable matter after filtering through the materials
of the Formica nests, but Stdger (1925) has been able to
show that it obtains its food from its hosts in much the
same manner as Leptothorax emersoni. This is proved by
the observation which I quote: “ Two pratensis workers
were feeding one another in the customary manner,
squatting and stroking one another’s heads with their
antennz till one of them regurgitated a drop which the
other imbibed. This was nothing unusual, but during
the performance one of the guest ants that had been
hanging around the feeding pair, comes up in haste,
climbs from the ventral side to the mouth of the
regurgitating individual and partakes of the drop. I can
scarcely believe my eves. The two pratensis workers
separate, and the guest ant dismounts from her host.
Then in another part of the artificial nest two ants begin
the act of feeding. Instantly a Formicoxenus (this time)
mounts the back of the regurgitating ant, reaches forward
over her head and snatches its share of the meal. The
pratensis worker that is being fed moves away, perhaps
disturbed by the intrusion. The regurgitating ant,
however, does not budge, but remains squatting with
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home their brood as prey. Mr. J. Clark, of Perth, West
Australia, writes me that he has recently witnessed such
a raid of an undescribed species of Phyracaces on a colony
of Iridomyrmex gracilis® Frequently the kidnapped
young are devoured, but in well-nourished colonies they
may be permitted to complete their development and the
emerging workers may be adopted as bona fide members
of the colony, even if they belong to a different species.
It is therefore possible to produce a mixed colony
experimentally by giving the colony the mature brood
of some other species. In this manner Miss Fielde (1g05)
succeeded in inducing species belonging even to very
different subfamilies to live together in perfect amity.
It is also interesting to observe that ants thus reared
in the colony of an alien species may be very hostile to
their own sisters that have been left to grow up in the
parental nests.

Second, the mixed colonies found in nature are not,
in the first instance, produced by the mere kidnapping of
the brood of an alien species, but by the young queen of a
parasitic species that is unable to start a colony independ-
ently, invading the nest of another species, which then
becomes the host. The behaviour of the invading
parasite and the host colony differs in different species,
but in nearly all the observed cases the host queen, if
present, is eventually killed and her place is taken by the
alien intruder. Since the queen ant is really the repro-
ductive organ of the colony considered as a superorganism,
the host colony may be said to be castrated and its sterile
worker personnel is constrained to devote all its energies
to rearing the brood which is forthwith produced by the
fecund parasite. With these general statements in mind

t It will be remembered that Darwin derived the slave-making
propensities of Formica sanguinea from just such a condition, and
I still believe, despite all of Wasmann's arguments to the contrary,
that there is copsiderable truth in the great naturalist’s phylogenetic
hypothesis. F. sanguinea is primarily a predatory ant, in all pro-
bability descended from forms which behaved very much like Eciton,
though it has now come to confine its raids to certain abundant and
prolific species of its own genus (varieties of F. fusca, cinerea, necgagaltes,
paliidefulua, ete)). It still devours a large portion of its larval and

pupal prey.
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we may turn to the types of mixed colonies, of which
three may be distinguished, those of the slave-makers, of
the temporary and of the permanent social parasites.

(r) The peculiar phenomenon known as slavery, or
dulosis, which occurs in two genera of Formicinz, Formica
and Polyergus, and two genera of Myrmicinz, Strongy-
lognathus and Harpagoxenus, represent three phylo-
genetic stages: a primitive stage in Formica sanguinea
(Fig. 51), a culminating stage in Polvergus (Fig. 74), and
a degenerate or evanescent stage in Strongylognathus
(Fig. 75a-c) and Harpagoxenus. The blood-red slave
maker, Formica sanguinea, is a common but rather local
red ant, with black or brown gaster, and is represented
by numerous subspecies and varieties ranging over
northern Europe, Asia and North America. It can be
readily distinguished from the other species of the genus
at least in the Old World and the Eastern United States,
by the pronounced notch in the clypeus. Sanguinea is
one of the most intelligent of ants and therefore one of
the most interesting to keep in artificial nests. Its habits
were first studied more than a century ago by Pierre
Huber (1810), the son of the blind Frangois Huber, and
have ever since commanded the attention of myrmecolo-
gists, because its armies of workers make periodical
forays on the colonies of the common black Formica fusca,
carry the worker larvae and pupz into their nest and permit
many of them to emerge and become members of the
colony. Thus the colony is mixed, and the black
individuals, on account of their colour and provenience,
have been called slaves. It is evident, however, that
this term is inappropriate, for a slave is “ a man who is
the property of another, politically and socially at a
lower level than the mass of the people, and performing
compulsory labour” (Nieboer), and none of these
distinctions applies to the fusca workers in the sanguinea
nest. They might more properly be called *‘ auxiliaries "
(Hilfsameisen). At least one of the subspecies of
sanguinea (aserva) does not make slaves, and the colonies
of some of the other forms give up the habit after a time,
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for the samguinea colony, when once established, is quite
able to lead an independent life. Darwin and others
offered various explanations of the peculiar slave-making
habit of sangwinea, but its meaning remained obscure
till I discovered (1905, 1906, 1go7h, 1908¢), that it had
its origin in the behaviour of the young queen. She is
quite unable to found a colony independently and there-
fore, after her marriage flight, may adopt one of three
courses : she may return to the nest in which she was
reared or enter some other samguinea nest, or she may
invade a nest of Formica fusca. As the first and second
courses are sometimes adopted by other ants and do not
lead to the formation of mixed colonies, they need no
further consideration in this place and we may confine
our attention to the last. Assoon as the sanguinea queen
invades a fusca colony, she becomes greatly excited and
interested in the brood, seizes and collects in a pile as
many pupe as she can snatch up and mounts guard over
them. She slays any fusca workers that are bold enough
to attempt to regain their property and is therefore soon
left in undisputed possession of her plunder. Eventually
fusca workers emerge from the cocoons and at once
assume a friendly attitude towards the queen, feed her by
regurgitation and behave towards her as if she were their
own mother. She begins to lay eggs and the resulting
larva are fed and reared by the black workers, so that
when the sanguinea workers emerge a mixed colony is
established. These workers show that they have inherited
their mother’s proclivities by kidnapping the brood of
neighbouring fusca colonies, but they do this as an army
and carry the fusca brood to their nest. In some colonies,
as I have stated, this kidnapping, or slave-making
proclivity may disappear after a time, and in aserva it
seems to lapse very early or perhaps is not even inherited
by the workers. In such cases, therefore, the personnel
of old colonies may be made up entirely of sanguinea
after the batch of fusca workers kidnapped and reared
by the queen has died of old age.

The behaviour which I have observed in the young

4
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queens of the American subspecies of sanguinea was later
shown to be exhibited also in the typical European form
by Viehmeyer (1908, 1909, 19102, 1910b, 1910c), Was-
mann (19085, 190gc, 19108) and Donisthorpe (1910, 1911).
It is evident that slavery is at bottom a form of predatism
and has its origin in the inability of the young gqueen to
establish a colony without the aid of workers. Unlike
the great majority of ant-queens, she has been unable
to store enough food in her body to stand the strain of
long fasting and nourishing her first brood. In another
sense, she is, of course, a parasite and the fusca workers
represent the host. Owing to the fact that the colony
may eventually cease to increase its worker personnel
by the kidnapping of fusca brood, we may call this type
of slavery temporary, acute, or facultative.

(2) The species of Polyergus, or “ amazons ", as they
were called by Pierre Huber (1810), have much the same
distribution as sanguinea and have the same species of
Formica as slaves, but their method of securing the latter
is more highly perfected. The amazons are very beautiful
red ants (except the Japanese P. samurat, which is black)
and their mandibles are slender and sickle-shaped and
perfectly adapted to fighting, but of no use for digging
in the earth or capturing food. Hence these insects are
unable to make nests or even to feed themselves, or to
care for their own young, but are absolutely dependent
on their slaves. Like sanguinea the amazons make
periodical forays, which for some reason are always
carried out in the afternoon, but their armies show a
more highly perfected tactical organization and the
subjugation and plundering of the fusca colonies are
effected with much greater dispatch and precision—one
might say, with the most consummate éclaf. At the
approach of the amazons the fusca workers usually flee
in dismay, but if they offer any resistance the amazons
pierce their heads with the sickle-shaped mandibles.
The young workers on emerging from the kidnapped
pupz excavate the nest, feed the Polyergus and bring up
their brood but do not accompany the armies on their



288 THE SOCIAL INSECTS

raids. The initial stages in founding the colony have
been studied by Emery (1908, 19094, 19094, 19114, 19115},
who found that the young Polyergus queen secures
adoption in some small, weak fusca colony after killing
its queen by piercing her head. She then produces her
brood which will later make the slave raids on the fusca
colonies. Since this raiding proclivity never lapses even
in old colonies, Polyergus is to be regarded as a permanent,
chronic, or obligatory slave-maker.

In Europe there are several species of the interesting
genus Strongylognathus (Fig. 754-c), which have sickle-
shaped mandibles like Polyergus, though they belong to
a very different subfamily, the Myrmicin®, and always
live in colonies of the common pavement ant, Tetramoritim
caspitum (Fig. 75d). Our fragmentary kmowledge indi-
cates that we have here some of the degenerate or
evanescent stages of slavery. The workers of S. rehbindent
and Auberi seem still to make forays on Tetramorium
colonies and to carry home their brood (Forel, 1900), and
Kutter (1920, 1923) has recently shown that alpinus, a
subspecies of huberi which 1 discovered some years ago
(190g) near the headwaters of the Visp, within sight of
the Matterhormn, makes nocturnal slave-raids and is
accompanied by its slaves, which do most of the fighting
and carry home the brood of their own species. In this
case the slaves are really the masters and seem to use the
Strongylognathus merely as a means of disconcerting or
terrifying the colonies of caspitum whose brood they are
bent on kidnapping. Finally, S. Zestaceus, the best-known
species of the genus, no longer makes forays and is tending
to lose its worker caste. Wasmann (1891, 1915¢),
Mrézek, Forel and I (1909), have found that colonies of
caspitum infested by this species may retain the host
queen. In order to establish her colony, therefore, the
young festaceus queen probably associates herself with a
young, nest-founding cespitum queen. In the mixed
colonies of other species of Strongvlognathus and Tetra-
morium the host queen appears to be eliminated as in the
colonies of Polyergus.
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Yet another Myrmicine genus, Harpagoxenus, com-
prising only two species, H. subleuvis of Central and
Northern Europe, and americanus of the Eastern United
States, must be included among the dulotic, or slave-
making ants. The European sublevis has been studied
by Adlerz (18g6) in Sweden, where it has only ergatoid
queens, and by Viehmeyer (1906, 1912, 1921) in Germany,
where it also has winged queens. Both of these in-
vestigators found that the ergatoids and workers break
into nests of Lepfothorax acervorum or muscorum, seize
the brood and carry it to their nest. The behaviour of
the Harpagoxenus, according to Viehmeyer, is similar to
that of Polyergus and indicates a like absolute dependence
on the slaves. He describes the method of colony
formation, which resembles that of sanguinea, as follows :
““ As in all parasitic ants the founding of the colony is of
the dependent type. It probably takes place during the
slave-raids. The ergatoid females participate in these
forays and remain behind in the plundered nest in order
to rear for themselves a first batch of auxiliaries from a
few of the Leptothorax pupz that have been left or have
fallen to theirshare. Twice I found such newly established
colonies (Dresden, 1908 and Oberrittergriin, 1915). They
consisted of a solitary worker-like female, with in the one
case a single, in the other two Leptothorax workers and
some brood of the auxiliaries. Moreover, it is proved by
experiment that an isolated female may be successful in
plundering a nest and robbing pupa. But in the case of
ergatoid females this type of founding a colony is
improbable since the outcome must be easily jrustrated
compared with the founding of a colony during a foray.
The two colonies, furthermore, had the appearance of
having been established in plundered nests .

Harpagoxenus americanus was discovered by Pergande
in a nest of Leptothorax curvispinosus at Washington, D.C.
and described by Emery in 1895. In 1go6 I published a
few notes on three mixed colonies of the same ants found
in elder twigs at Bronxville, N.Y. In 1925, Sturtevant
discovered a mixed colony in an oak gall on Naushon

19
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Island, Massachusetts. More recently (1927) this in-
vestigator and Creighton (1927) have been able to make
so many observations on H. americanus that we have
suddenly acquired a better knowledge of its behaviour
than of that of the European subievis. In two localities
m New Jersey, Sturtevant discovered some seventeen
colonies, in most of which the yellow L. curvispinosus
was the host, but occasionally this rdle was assumed
by the black L. longispinosus. His experiments show that
the behaviour of the parasite is very much like that of
sublewvis. The queens are winged and ocellate ; ergatoid
individuals are rare. Creighton’s field observations on a
number of colonies were made at Tuxedo, New York.
In this locality the common host of americanus was
L. longispinosus. though omne unusually large colony
contained both hosts, as I had found in a single colony at
Bronxville. He summarizes his conclusions on the method
of colony formation and the slave raids, which as in
Polyergus are conducted during the afternoon hours, as
follows :

* While much remains to be done it is now possible to
sketch the ethology of H. americanus ; a hasty sketch
to be sure, with many missing features hypothetically
supplied, but at least a beginning. In this picture we see
the fertilized Harpagoxenus queen entering a Leptothorax
nest by force. Having driven away or killed the original
owners of the brood she appropriates this, tends it and is
in turn tended by the resulting Leptothorax workers,
until in time there arises a mixed colony. When the
colony is well established the dulotic instinct manifests
itself in the Harpagoxenus workers. These gain entrance
to some Leptothorax nest after a long struggle in which
their greater hardiness and superior size finally enable
them to kill or intimidate the Leptothorax workers. If
the external conditions are favourable, the raid is carried
to a successful conclusion and the brood of the pillaged
nest is carried back to the mixed colony. If the return of
the raiders is rendered impossible then a fragmentary
Harpagoxenus-Leptothorax colony results.
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“ The slave raids of Harpagoxenus show none of the
organization and spirit so characteristic of those of
Polyergus. They fall far short even of the lesser degree
of co-operation exhibited by F. sanguinea. Nevertheless
they are of great interest, since they appear to be the last
manifestation of a vanishing character. They show the
decay of dulosis and foreshadow a state of abject
parasitism. During the progress of a raid the Harpa-
goxenus workers and their slaves cluster about the
entrance of their nest in a manner suggestive of Polyvergus
but with this the similarity ends. There is no rapidly
moving phalanx of raiders, no concentration about the
entrance of the raided nest, no frantic activity to enlarge
the entrance. The Harpagoxenus leave their nest singly
and amble awkwardly and uncertainly to the nest of their
victims. Only once did I seemore than one Harpagoxenus
leave the nest at the same time. On one occasion a
column of three departed for the Leptothorax mnest.
However, this column broke up almost at once and was,
I believe, purely fortuitous. On arriving at the Lepto-
thorax nest, the Harpagoxenus wastes no time in
preliminaries but enters at once. Having secured a larva
Or pupa it emerges as quietly as it entered and returns
with its burden to its own nest. Quite often thev lose
their way and I have seen a number of them captured by
small spiders while raiding. The action of Harpagoxenus
after it enters the raided nest could not, of course, be
followed in the field. However, observation of ants in
artificial nests shows that the brood is obtained by force
and not by stealth, although indeed, the action of the
Leptothorax during a raid furnishes ample evidence that
this is the case.”

(2) In 1904 I detected another method of forming
mixed colonies, which I called temporary, although it
might have been called acute, or “ protelian ”, to use
Caullery’s term (1922), social parasitism. It is practised
by a number of species belonging to at least three of the
subfamilies of ants ; several Formica and Lasii among the
Formicine, certain species of Bothriomyrmex among the

» >
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Dolichoderinz and a few species of Aphanogaster and
Crematogaster among the Myrmicinze. 1 first detected
it in Formica consocians, a member of a group of species
(microgyna group) represented only in North America
and characterized by having very small queens (Fig. 76),
often smaller or no larger than the largest workers and
sometimes of a very different colour and pilosity—red or
yellow, with long golden hairs. These characters are very
significant since they are precisely those of symphilic
myrmecophiles. The young queen of these ants enters
the nest of another Formica belonging to the fusca or
pallidefulva group and is very apt to be adopted, probably
on account of her small size and attractive odour. The
fate of the host queen in such invaded nests has not been
ascertained, but she is probably killed by her own workers.
The parasite then proceeds to produce her brood, which is
reared by the host workers, and a mixed colony results.
As there is no inclination on the part of the queen’s
offspring to plunder other nests of the host species, and
as all the host workers naturally die off in the course of a
few years, a pure colony of the parasitic species is left
behind and may grow to be very populous and aggressive
—a beautiful analogue of some human institutions, which
after starting in humble and cringing parasitism have
come to acquire during the centuries a most exuberant
and insolent domination. Subsequently this same type
of temporary parasitism was detected in two other groups
of which F. rufa and exsecta are the types. These ants
(F. rufa, pratensis, obscuripes, exsectoides) often make
mound nests of considerable size in Europe and North
America. Their method of colony formation has been
studied by Wasmann, Viehmeyer (1908), Donisthorpe
(1909, etc), Brun (1910, 19122, 1912b, 19134, IQI3D,
1924), Crawley and Donisthorpe (1913), Kutter (19134,
1913b, 1917), Tanquary (1911), myself (1908¢, 1909) and
others.*

¥ More than twenty species of Formica of the rufa, exsecta and
microgyna groups, with a large number of sub-species and varieties
may now be regarded as temporary social parasites on species and
varieties of the fusca and pallida-fulva groups.
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It has also been found that the various subspecies and
varieties of Lasius umbratus in Europe and North America
are temporary social parasites of L. niger and its varieties
(Crawley, 1909, Crawley and Donisthorpe, 1913, Was-
mann, 19c9b, 19234, Tanquary, 1911, Wheeler, 19174,
Riischkamp, 1924) and, what is more remarkable, the
aberrant European Lasius (Dendrolasius) fuliginosus has
been proved to found its colonies with the aid of umbratus
or b&icornss workers (Donisthorpe, 1897, 1922, etc.,
Crawley, 1910, Crawley and Donisthorpe, 1913, de
Lannoy, 1908, Forel, 1908, Emery, 19o8a, Wasmann,
190ogb, Bénner, 1915, Lomnicki, 1922). L. fuliginosus is,
therefore, a temporary social hyperparasite. Tanquary
observed the adoption of a L. umbratus minutus queen by
a colony of L. niger var. americanus and I was able in 1917
to observe numerous young queens of L. wumbratus
subumbratus in the act of hunting out colonies of L. niger
var. nmeomiger and sitkaénsis and securing adoption in
them at an altitude of g,000 feet at Cloudcroft in the
Sacramento Mountains of New Mexico. The female
subumbratus is covered with long, vellow pile and has a
delicate and peculiar odour. A similar pilosity is also
observed in the female of L. ciliatus of Cashmir, which 1s
therefore in all probability a temporary social parasite.
Our North American L. (Acanthomyops) latipes and
murphyi, the females of which have a dense golden
trichome-like pilosity, are, perhaps, temporary parasites
of hyperparasites on some of our forms of L. niger or
umbratus.

The precise fate of the host queen in the mixed colonies
of Lasius has not been ascertained, but the niger queen is
probably killed by the wmbratus queen. In the case of
Bothriomyrmex decapitans the massacre of the host queen
has actually been observed by Santschi (1go6, 1920) in
Tunis. The young queen, on descending from her
marriage flight, wanders about on the ground till she
finds the nest of a Tapinoma nigerrimum colony, when
she permits herself to be seized and ‘‘ arrested ” by its
workers. These then proceed to drag her into their
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expression, by a band of Monomorium workers, which
tug at her legs and antennz and draw her into the galleries.
Sometimes she may be seen to dart suddenly into the
entrance of her own accord and is arrested within the nest.
There are no signs of anger on the part of the Mono-
morium, and she is soon permitted to move about the
galleries unmolested. The workers then begin to feed
and adopt her and in the course of a few days she lays
her first eggs, which are accepted and cared for by the
host. The parasite pays no attention to the much larger
Monomorium queen, but the latter is eventually
assassinated by her own workers. Other species, like the
famous Anergates atratulus (Fig.78) of Europe, the recently
discovered Anergatides kohli (Wasmann, 19156) of the
Congo and Bruchomyrma acutidens of the Argentine
(Santschi, 1922) are much more highly modified and
Tepresent the last stages of parasitic degeneration. In
Anergates, which lives with Tetramorium caspitum and
has been studied by a number of investigators, the queen
is small and winged, but after deilation and adoption
her gaster swells enormously with eggs till she somewhat
resembles an old termite queen. The male is wingless
and pupa-like and unable to leave the nest. Mating
therefore takes place between brothers and sisters
(" adelphogamy "’ of Forel). The conditions in Aner-
gatides and Bruchomvrma which live in the nests of
Pheidole species, are somewhat similar. In all these
workerless parasites the offspring of the intrusive queen
are, of course, all males and females and are produced
during the lifetime of the host workers. The colonies are
therefore mixed throughout their existence which is
necessarily terminated by the death of the host.

Although the foregoing account of the various forms
of social parasitism has been greatly condensed in order
to bring it within the compass of a single lecture, but
little space remains for a few concluding remarks. It
will be noticed that all the hosts are very abundant,
widely distributed and therefore dominant species. This
s particularly true of Formica fusca, Tetramorium
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cespitum, Tapinoma nigerrimum, Monomorium salomonss,
Leptothorax acervorum, etc. Nearly all the hosts, more-
over, produce large colonies because they have prolific
queens and workers that are very successful in rearing
the brood. The parasites themselves, on the contrary,
are very rare or sporadic. This is noticeably the case
with the degenerate slave-makers and workerless perma-
nent parasites, some of which are among the rarest of
ants. During mcee than forty years Forel succeeded in
finding only s few colonies of Amergates atratulus in
Switzeriaud, which has a rather exuberant ant fauna,
and toe species was only recently discovered in Great
Britain. The North American Epacus pergandei was
taken once many years ago, and neither Mann nor I have
been able to find it again, though we have examined
hundreds of colonies of its host, the common Monomorium
minimum. Nearly all the other permanent parasites are
known only from specimens taken in single colonies of
abundant hosts. It will also be noticed that some of the
latter, e.g., Formica fusca and Tetramorium caspitum are
parasitized by several species of ants. It is also true that
only the ants which form vigorous colonies and belong
to dominant species harbour myrmecophiles in any
number or wvariety. This peculiar susceptibility to
parasitic infection on the part of vigorous species of
Formicide is interesting in connection with the similar
conclusions of Raines (1922) on the relation between
vegetative vigour of plant hosts and their susceptibility
to diseases. He says: ““ While the claim that increased
vigour of the host means greater susceptibility to an
infection may appear somewhat anomalous from the
point of view of current theories regarding the infectious
diseases, observations such as form the subject of the
present paper are readily understood when we consider
the infectious diseases in the light of the larger class of
biological phenomena of which they are an artificially
selected group—namelyv, parasitism, commensalism, and
symbiosis, the class of biological phenomena in which
one organism lives within, and derives its sustenance
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from, the tissues of another living organism. In each of
the four main groups of parasitic organisms—the bactena,
the protozoa, the worms, and the fungi—a series of
intergradations are to be observed in the physiological
mnterrelations of host and parasite, from the increasing and
violent struggle that continues until the destruction of
one or other of the principals, to a relation of a more
benign type characterized by great subordination and
even tendency to usefulness on the part of the parasitic
organism, and by the utmost tolerance on the part of
the host’. In many instances the nature of the reaction
is not constant, but varies with the progress of the host-
parasite relation. In this intergrading series of possible
host-parasite relations, the inverse relation between host
vigour and parasite virulence obtains only in the instances
and phases where the reaction of the host to the parasite
is one of active antagonism ; here a more vigorous host
means a host of greater physiological capacity to combat
the progress of the invader. But when the relation
between host and parasite is of a symbiotic type, a more
vigorous host means a host in which more food is available
for the development of the parasite. . Inthegroupofthe
fungi the transition from violent and destructive parasitism
to parasitism of the symbiotic type is accompanied by a
transition from facultative to obligate parasitism, as if
the physiological corollary of parasitism of the latter type
1s extreme specialization in food preferences. The series
in the fungi grades from violent and destructive parasites
like Botrytis, on the one hand, to, on the other hand, so
benign an infestation as the seed fungus of Lolium
temulentum (described by Freeman, 19o3) in which the
relation is so intimate and devoid of any untoward effect
on the host, and the life history of the cohabiting organism
1s so paralle] with that of the grass that its distinct
individuality is almost open to question .

Raines’ remarks are very suggestive also in connection
with the much-discussed question of the phylogenetic

! These various unstable relationships are beautifully shown in a
recent detailed study of Mycorrhiza by Melin (1925).
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relations of the three tvpes of behaviour exhibited by the
dulotic, temporary and permanent social parasites among
the ants. They obviously form a series comparable with
the predatory (symechthran), synceketic and symphilic
series among the myrmecophiles and the ants which
form compound mnests with other Formicidae. All
investigators agree that the workerless, permanent
parasites represent the final, degenerate and evanescent
evolutionary stage in the series of social parasites, but
opinions are divided in regard to the initial, or primitive
stage. Wasmann and Piéron (1910) contend that it is
represented by the temporary parasites and would derive
.their behaviour from that of queen amts which, after
fecundation, seek and secure adoption in colonies of their
own species (secondary pleometrosis). From temporary
parasitism, according to these authors, both the dulotic
and permanently parasitic behaviour are to be derived.
Viehmeyer, Emery, Brun and I contend, however, that
predatory behaviour of the type exhibited by Formica
sanguinea more probably represents the initial stage and
that the conciliatory, temporary and finally abject,
permanent parasitism represent natural ulterior develop-
ments of this violent, or aggressive relation between host
and parasite. This contention is supported, first, by the
general considerations that parasitoidism and parasitism
are evidently derived from predatism among a great many
solitary insects and that this sequence obtains also among
the myrmecophiles, the social parasites among bees, and
degenerate slave-makers (e.g. Strongylognathus), the ants
which form compound nests, etc.; and second by the
more special consideration that the queens of certain
temporary parasites, with large queen, e.g., Formica
rufa, sometimes behave like F. sanguinea when establish-
ing their colonies and that the species with small queens,
red or yellow colouration and trichomes, are obviously
derived forms.

The host and parasite relations above considered also
have an important bearing on Wasmann’s * amical
selection ” and “ symphilic instincts ”. It must be



EVOLUTION OF THE SOCIAL PARASITES 299

admitted that the temporary and permanent parasites
and at least most of the dulotic species (Strongyvlognathus,
Polvergus, Harpagoxenus) behave like symphilic myrme-
cophiles, since they likewise exploit the philoprogenitive
proclivities of their hosts and enter into trophallactic
relations with them. We have seen that some of the
temporary parasites have actually acquired symphilic
characters (small stature, red or yellow colouration,
trichomes, supplicatory or conciliatory behaviour).
Moreover, the permanent parasites, which have lost their
worker caste are therefore really solitary insects and may
be regarded as symphiles. The enormous disparity
between the abundance of these parasites and that of
their hosts, shows clearly that the former cannot owe
their peculiarities to amical selection on the part of the
latter, and the fact that the parasites actually castrate
or lead to castration of the colonies which they infest and
never tolerate the rearing of male offspring of the host
workers, proves that there can be no hereditary basis forthe
development of symphilic instincts on the part of the
host species. As in the case of the myrmecophiles, the
peculiar adaptations, both structural and behaviouristic,
to particular hosts, are therefore initiated and developed
entirely by the social parasites themselves and there is
nothing to indicate that these adaptations require any
fundamentally different biological explanation from those
which have been advanced for the countless cases of
parasitism amaong solitary insects, other animals, or plants.



XII
CONCLUSION

Ir the conclusions reached in the preceding lectures are
correct, it is possible to sketch in rough outlines the
probable course of evolution of the truly social insects
belonging to the order Isoptera and the suborder Aculeata
among the Hymenoptera. We have seen that the former
arose among the Protoblattoids, possibly as early as
Permian times and, after passing through primitive stages
like those of existing Mastotermitide and Calotermitidz,
culminate in the specialized and exuberant Ethiopian and
Oriental Termitide. That the character and direction of
Isopteran evolution as a whole has been in the main
determined by their peculiar food is obvious. A diet of
cellulose or humus is responsible for their most striking
peculiarities—their defenceless integument, their micro-
phthalmy and photophobia, their architectural employ-
ment of their own feces, their trophallactic relations with
one another, the employment of symbiotic protozoa in
the digestion of cellulose, etc. Only the highest termites
have acquired a new habit, that of cultivating and eating
fungi, a habit also intimately connected with their
peculiar cellulose environment and diet. The choice of
an abundant but rather indigestible food and confinement
in small hard-walled cavities led to a prolongation of life
as in many other wood-boring insects and a tendency to
congregation of the adults and an affiliation of the parents
and offspring. We observe similar, though feebler and
subsocial developments among many Coleoptera of the
families Ipide (Scolytid®), Platypodida and Passalidez,
in Phrenapates among the Tenebrionide and Parandra
among the Cerambycide.
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The evolution of the social Aculeata exhibits a much
greater diversification, intensity and acceleration of
adaptive radiation. @ We have traced them back to
Bethyloid ancestors, which were derived from primitive
Terebrants, in turn descended from unknown Phytophaga.
The early Vespoidsand Sphecoids presumably aroseamong
the Bethyloids, now a highly diversified complex of small
archaic forms. The bees, culminating in the social
Apinz certainly had Sphecoid ancestors and the social
Vespide® and Formicide may be safelv derived from
primitive Vespoids. Here, too, as among the Isoptera,
the character of the food has been a determining factor in
the evolution, together with the initiative and independ-
ence of the female sex. This independence in turn
naturally resulted from the possession of a highly
specialized spermatheca, requiring only a single act of
fecundation and permitting long retention of the sperm
in a living condition. The evolution of the Hymenoptera
begins with forms like the Permian Protohymenoptera,
discovered by Tillyard and related to our modern
Mecoptera, a group which had much greater evolutionary
potentialities than the Protoblattoidea, and led to the
leaf-and wood-eating Phytophaga. Some of these, like
the Orysside, became paracitoidal and thus opened the
way for the extraordinary efflorescence of the Terebrantia,
all except a few families of which (Cynipide, certain
Chalcidoidea) have retained entomophagous habits. The
Bethyloidea have preserved essentially the same habits,
but some of the genera (Bethylus, Scleroderma) became
more plastic and established more intimate relations
between the mother and her offspring. The primitive
Vespoids and Sphecoids exhibit practically the same
behaviour as the Bethvloids, but with the increase in the
number of flowering plants during the Cretaceous, some
of the groups (Apidez, Masarinz) became exclusively,
others (during the adult stage) partially anthophilous.
Most of the ants, arising also from Vespoid (Tiphiid or
Scoliid) ancestors, are still entomophagous, but many of
the genera have become increasingly vegetarian.
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It is interesting to note that the changes of regimen
which have occurred during the course of Aculeate
evolution, appear first in the adult female and are later
transferred to the larva. Thus among the Phytophaga,
both adults and young live on relatively coarse vegetable
food (leaves and wood), but the adults of some
Tenthredinide have become entomophagous. In the
Oryssida and Terebrantia this habit has also been acquired
by the larva. Among the Vespoids and Sphecoids the
adults have become more or less nectarivorous, whereas
in bees and most Masarinz the larve as well as the adults
feed exclusively on nectar and pollen. The ants, as
previously mentioned, show a similar tendency. Without
doubt the eating of nectar, seeds, fungi and honeydew,
which is, of course, merely plant juices slightly modified
by passing through the intestines of Aphids, Coccids, etc.,
was originally confined to the adult ants. But some
granivorous species also feed their larve on seeds, and
the larve of all the mycetophagous species have the same
diet as the adults. An interesting observation com-
municated to me by Mr. W. F. Fiske indicates that even
the habit of feeding on the saccharine excrement of
Homoptera may be in process of being transferred to the
larva. Some years ago in British East Africa he observed
ants carrving their larvae out of the nest and up a tree
trunk to the foliage where they held them with their
mouths to the anal orifices of plant lice in order that they
might imbibe the honeydew ! As Mr. Fiske is a very
competent entomologist, I have no doubt of the accuracy
of his observation, though I regret that he failed to
preserve specimens of the ants, which would have enabled
us to identify the species and to reinvestigate their
astonishing behaviour more readily.

Not the least interesting result of our evolutionary
study is the conclusion that essentially the same type of
social organization and behaviour has been independently
attained by at least a dozen different groups of insects.
Perhaps there is no more striking example in the animal
kingdom of what is called ** convergent ”’, or * parallel

Y .
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development. Moreover, the various manifestations of
the societal type have been arrested in their phylogeny
at very different stages and there is every reason to suppose
that the arrests are partly due to a stabilization or
standardization of the enviromental conditions and partly
to a concomitant constitutional standardization or
incapacity for further development on the part of the
insects themselves. Even the highest and most specialized
forms (ants, termites, honeybees) present the appearance
of having long ago completed their evolution. The
formation of new varieties and subspecies is probably
still slowly proceeding, but these are feeble oscillations
which do not involve significant deviations in the essential
features of the social organization.

In former lectures I occasionally indulged in com-
parisons of the social insects with man and I should like
to devote a considerable portion of this lecture to a more
serious effort in the same direction. This is not, in my
opinion, a futile undertaking, although it can have only
a theoretical interest. Of course, innumerable compari-
sons have been made from all sorts of motives, both
serious and satirical, and often on the basis of inadequate
or erroneous conceptions of the peculiarities of both
insect and human societies. On the whole, the results
have been so unsatisfactory that the sociologists have
turned from them with disdain. But although it must be
granted that, owing to his very peculiar structure,
endowment and behaviour, man can from the social
insects learn nothing that might be applied with advantage
to the solution of his intricate social problems, it must be
remembered that he will never cease to be an animal and
that his activities are broadly and irrevocably grounded
in the nutritional, reproductive, relational and appetitive
functions common to all other living organisms. Even
if the sociologist, therefore, prefers to minimize the
importance of animal societies in his own studies, the
biologist, who must always regard man as a Primate, is
perfectly justified in considering his societies as animal
societies. And the sociologist has the less reason to object
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to this procedure because, according to his own admission,
sociology is still a rudimental and speculative science.

(x) The question as to whether animal and human
societies represent entities or wholes comparable with but
of a higher order than the individual organism, which is
known to be a colony of cells, has often been discussed,
especially by Herbert Spencer, Espinas, Haeckel, Ribot,
de Lilienfeld, De Greef, Fouillée, Novicow, Waxweiler, René
Worms, Barth, and others. Recently the whole subject
bas been submitted to a searching examination by
Ferriére (1915). Interest has, of course, centered in
human society. The differences between the latter and
animal societies are so great that many sociologists have
abandoned the problem as merely verbal or academic.
Humarity is really a very intricate association of groups
held together in their codperations and antagonisms by
activities partly conscious and partly unconscious, without
definite spatial boundaries but acting in time and of such
a complicated and mobile character that each individual
is simultaneously a functional member of several groups.
Ferriére therefore declines to regard human society as an
organism in the static sense, though he admits that it is
organismal in a dynamic sense. He seems to obscure the
problem, however, by neglecting to give a correct estimate
of such societies as those of the insects. These are
certainly discrete entities, like the single Metazoon or
Metaphyte in possessing a definite boundary, stature,
stricture and ontogeny and consisting of polymorphic,
mutually dependent elements. They may therefore be
called superorganisms and constitute a very interesting
intermediate stage between the solitary Metazoon and
human society. Each insect society is a family, like a
human family or the horde which probably constituted
human society in its early postanthropoid stage. It
might be possible therefore to regard the human society
of the present as a fusion »f societies—a hyper-hyper-
organism, or hyperorganism of the second degree. The
distinction emphasized by Fouillée and Ferriére, that the
individuals in animal and human society retain their
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mobility and are spatially isolated, whereas the histo-
logical elements of the organism are fixed and contiguous,
is perhaps not as significant as they imagine. The blood-
cells are also a part of the organism and the distances
separating the tissue elements are relative. Even the
cells, serum, lymph, etc., are masses of electrons separated
by distances so enormous that if the human body could
be compressed till all its electrons were in contact with one
another, it would have a total bulk of only a few cubic
millimeters. The interrelationships, or what happens
between the electrons, atoms, molecules, micellz, cells
and individual organisms is the significant matter and it
is on these fields between the elements that scientists are
increasingly concentrating their attention.

(2) The distinctive characteristic of social life has been
differently conceived by different sociologists : to Herbert
Spencer it is “ cobperation” among the members, to
Tarde (1921) their “ imitation” of one another, to
Durkheim (1922) their ‘‘constraint ’, to De Grange
(1923) their *‘ accumulative activities ”. Undoubtedly
all these characteristics, so conspicuous in human societies,
can also be detected among wasps, bees, ants, and termites.
Imitation and restraint, unless thev be taken in the sense
of biological dependence, are less obvious, but coéperation
and especially accumulation, as showrn in the hoarding
of foods, the preémpting of territory, i.e., the trophoporic
field with its droves of Aphids, Coccids, etc., the increase
of the brood and acquisition of myrmecophiles, termito-
philes, and myrmecophytes, the construction of the nest,
etc., are unmistakable. This very accumulation, follow-
ing naturally as it does from the activities of numerous
consociated individuals and leading to overproduction or
overaccumulation, is of basic importance in all social life,
as suggested by De Grange and also by Le Dantec (1918).
According to the latter: “ The onlv general formula
applicable to all associations, no matter what they are,
is the following: in order that the association may
persist, every associate must derive from the association
compensating advantages and even such as more than

20
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make up for the inconveniences that result from the
competition of specific appetites. At any rate, so far as
associations of free individuals are concerned, it will be
necessary to estimate the excess of individual production
over individual consumption and not, as in the case of
pluricellular individuals, the collaboration of each cell
in the labour of the whole, which alone is capable of
assuring the life of the agglomeration. It is mainly in
this very precise peculiarity that associations of free
individuals differ from agglomerations of fixed cells that
have been reduced to the status of simple histological
elements .

Not only is it true, as De Grange says, that *“ the first
condition of the operation of the societal process is the
accumulation of material products , but also that the
overaccumulation, which naturally ensues, especially in
human societies has consequences of enormous import in
its reactions on the individual. The overproduction and
overaccumulation of our civilized societies areso enormous,
the products of our activities, the excreta of our social
metabolism so abundant, not only in the form of material
objects but also in the more intangible form of mores,
rites, superstitions, fashions, laws, institutions, etc., that
the generations as they succeed one another find living,
to say nothing of progressing, increasingly difficult.
Habituation to these conditions, moreover, has created in
us such a reverence for the past and the old that though
we call our governments monarchies, republics, aristo-
cracies, or democracies, they might all be more properly
called gerontocracies. There is, to be sure, a constant
sloughing of the outworn, but it is a very slow process.
From time to time, when society becomes thoroughly
auto-intoxicated with its accumulations, only war or
revolution can break the crust of social deposits and furnish
an opportunity for further advance. Such unfortunate
methods will probably remain our sole resource till we
acquire sufficient knowledge and courage ruthlessly to
“scrap”, as we say in America, a lot of our social
inheritances, traditions and habits—till we decline to

C
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accord to the aged, whose only desire is to ““sit tight ™",
an undue preponderance in our affairs and turn them over
to the young, who have at least a love of novelty and
experimentation. To put it “ crue, nue, verte et sans
phrase ”, our political bodies, universities, academies,
churches and other institutions contain far too many
old incompetents, and as Goethe said to Eckermann, our
state funerals do not succeed one another with sufficient
frequency. And the conditions become the more intoler-
able, the more advancing medical science prolongs human
life and increases the population in general and the
number of old fools in particular. How differently the
problem is solved by the social insects! When the
colony has reached the acme of its accumulations, it sends
forth fresh young individuals to found new colonies, just
as the mature Metazoan body gives off young germ cells,
and is left behind to succumb with modest resignation and
good cosmic manners. This method, of course, does not
make for rapid and excessive phvlogenetic accumulation,
but it makes for greater stability over long periods of
time, as we have seen in the evolution of the social insects
from pretertiary to the present time, and also presents
more frequentlv recurring opportunities for a certain
number of new adaptations as they are required by the
very graduallv changing environment.

(3) Espinas long ago divided animal societies into
nutritional and reproductive, the former represented by
such forms as the Siphonophores, the latter by the social
insects. Thedistinction remains valid to-day. Inhuman
societies the most distinctive activities are evidently
psychical, but in each type of society, the higher embraces
also the salient characteristics of the next lower, as in the
old Aristotelian schema in which nutrition is given as
characteristic of plants, nutrition and sensation of
animals and nutrition, sensation and reason of man.

* This language is very shocking, but it would be easv to draw
up a list of fifty well-meaning superannuated reactionaries, headed by
William Jennings Bryan, who within recent years have donme more

hairm to civilization than any equal number of criminals one might
select.
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There can be no doubt that the raison d’étre of insect
societies is reproduction. If they have any purpose in
nature it is to produce as many young and as many
colonies as possible. But what is so obviously a fact,
need not be described in teleological language. It
follows, of course, that the female sex is preéminent, and
this is true even in termite societies as shown by the
enormous somatic and gonadic development of the queens
in the higher species. The Aculeate societies are frankly
female, the male being reduced to a merely temporary,
fecundative agency. Thus the insect colony, both in its
ontogenetic and phylogenetic development depends on an
élite of fertile females, a very different condition from
what we find in human societies whose progress depends
on an élite of intellectual individuals of both sexes. It
1s well known to the biologist that there is a kind of
antagonism between sexual and intellectual activities and
this also has been emphasized by certain historians (e.g.,
Towner, 1923) in human civilizations. Societies decay
intellectually orrather approach thesocialinsect typewhen
they incline too much towards reproduction, a conclusion
which should please the advocates of birth-control

(4) The extraordinary deployment of reproduction in
the insect society has led directly to the development of
castes and polymorphism, through a few fertile individuals,
the queens, specializing in the production of eggs, while
the sexually poorly endowed majority, the workers,
specialized in providing the necessary food and accom-
modations for the young. In prolific species these latter
functions are so exactingthat a further caste, the soldiers,
may be developed to take over the defence of the society
as a whole or to perform other duties which cannot be
adequately performed by the foraging and nursing
workers. These various differentiations are so ancient
and have become so rigidly established, at least in the
higher social insects (ants and termites), that the specific
structure and behaviour of the individuals belonging to
the different castes are definitively fixed on their emer-
gence from the pupz. Human caste development, though

(8 3
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likewise depending on a division of labour, is, of course,
very different and of a purely professional origin. This
whole subject has been so thoroughly studied by
Durkheim (1922) that it need not be considered here.
It will suffice to note that the normal human individual,
though bomn into his society with peculiar hereditary
endowments, is nevertheless so generalized and plastic
that he can be converted through education into a more
or less efficient member of any caste or even of several
castes (professions). And, as we all know, after exercising
his profession for many years, he may acquire the
behaviouristic idiosyncracies or even the physical
stigmata of his particular calling. Even the actor, whose
profession comsists in a neuromuscular mimicry of
individuals belonging to a number of castes, eventually
acquires a characteristic facial and postural expression.
(5) Since the castes are the result of a pronounced
specialization of structure and behaviour, their members
necessarily become partial or more or less abortive
representatives of their species and therefore exhibit
traits which have often been called ‘ degenerative .
This term, however, always has a pathological connota-
tion. But in as much as the peculiarities under
discussion have persisted for hundreds of thousands of
years, not only without injury to the species but as
necessary adaptations to a peculiar social medium, they
are to be more properly regarded as specializations. That
they may endanger the life of the organism when the
social or environmental medium changes, is obvious, but
this is true of all precise adaptations even when they are
of a kind to which we never think of applying the terms
‘““ degenerative "’ or ‘‘pathological”. The confusion
arises from our ineradicable anthropomorphism and our
constant occupation with “ values ”’, especially in every-
thing that relates to life and death. Probably the best
way out of the difficulty is to avoid such terms as
“ degenerative” and to employ instead such neutral
descriptive expressions as ‘“ atrophic ”’, “ hypertrophic "’

¥ 4

‘“ involutionary *, “* regressive ”, etc.
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The facts relating to the specialization of characters in
the insect castes may be profitably considered in greater
detail. There are certainly unmistakeable signs of
morphological involution, or regression in the individual
insect as a result of adaptation to the social medium and
they increase in number and degree as we pass from the
more primitive to the more advanced societies. They
include not only such traits as the greater simplification
of the wing-venation and mouthparts in the social
as compared with the solitary bees, the aptery,
microphthalmy, simplification of the thorax, genitalia,
etc. of the workers and soldiers as compared with the
reproductive forms in ants and termites, as we pass from
the primitive species with small to the highly specialized
species with very populous colonies.* The internal organs
also show increasingly regressive alterations during the
adult life of the sexual forms, and especially of the queen,
which represents the complete or perfect type of the
species in nearly all social insects. The observations of
Holmgren (1909) and von Rosen (19138) on termites are
particularly instructive in this connection. The former
found that inold queens the brain shrinks to two-thirds of its
original size and that this shrinkage, which occurs within
a few days after the colony is established, is due largely
to an atrophy of the ommatidia and optic nerves and
lobes. But there are also concomitant hypertrophic
changes in many organs. Thus the ganglia of the
sympathetic nervous system increase in volume even in
the king. The cross-section of the postcephalic ganglion
of the young king and queen alike measure only 67u,
in the old king the dimensions increase to 135-162u, in
the old queen to 175-19ou. The heart, fat-body and

T According to Langhofer (1897), the mouthparts of the honeybee
and humblebee are less developed than in such solitary bees as Trachusa
and Anthidium, and Tosi found that the proventriculus of the honeybee
is less developed than in Bombus. Friese (1923) points to the decided
reduction of the wing-venation in the social bees. Among the Formi-
cide the venation shows increasing simplification as we pass from the
primitive Ponerin® and Dorylina to the highly specialized Formicina.
The same is true in the reduction of the sting, which is highly developed
in the Jower groups and vestigial in the Dolichoderinz and Formicinz,
as it is also in the Meliponinz among the social bees.

< .
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alimentary canal also become enlarged, especially in the
old queen, the increase in the gut being due to the purely
salivary diet. The respiratory organs, too, are changed,
the spiracles becoming enlarged and the number of
tracheal ramifications increased, probably in direct
adaptation to confinement in the narrow royal chamber
and the hypertrophy of the fat-body and other viscera.
Von Rosen found a very similar atrophy of the adult
visual apparatus in the neotenic royalty of Calotermes
flavicollis. Probably changes of the same kind will be
observed to occur in queen ants. The extraordinary
involution of the voluminous thoracic musculature
detected by Janet (xgo7) and C. Pérez (1912, 1920) in
queen ants after their nuptial flight, has been noticed in a
former lecture. Besides these and similar omtogenetic
changes which occur in social insects that become
increasingly adapted to particular functions during their
later life, there are others that have become fixed in the
phylogeny or during the larval stage in correlation with
other traits. Thus in the queens of the honeybee and
parasitic ants the brain, even during the pupal stage is
less developed than that of the worker and in the honeybee
there is also an atrophy of the mouth-parts, sting, spurs
of the hind legs, salivary glands, etc. In some castes of
ants, like the plerergates of the honey ants, the crop
hypertrophies in the adult stage. But the worker honey-
bee, though structurally very near the original female
type of the species and exhibiting little atrophy, except
in the genitalia, nevertheless shows regressive behaviour
in its dependence on the presence of other workers.
According to von Buttel-Reepen (1905), she dies in a few
hours, when isolated from the colony, although a worker
ant may be kept alive in isolation for six months (Miss
Fielde, 1902, p. 599). When the temperature sinks below
a certain point the isolated honeybee cannot keep warm
enough to remain alive. But even the ants differ from
the honeybee only in the degree of their dependence on
their sisters.

Holmgren finds that the termites as a whole have a
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rather uniform bodily structure and that notwithstanding
the evidence of the acquisition of morphological traits
during phylogeny, the evidence of losses is more apparent.
The lower termites contain everything #m muce, and
although specializations have arisen at all stages of
phylogenetic development, nothing really new has
appeared but only modification or reductions of what was
origmally present. He therefore expresses his conclusions
as follows: “From a consideration of communal life, we
should expect theoretically that it would gradually lead
to a degeneration of its participants, since natural selection
should bring about not the higher differentiation of the
individuals but only that of the colonies. Since, in all
probability, the differentiation of the castes is a result
of social life and the division of labour, in all likelihood,
the immediate cause of caste differentiation, the
degenerative effects of social life might be attributed to the
ever increasing division of labour and caste differentiation.
On the whole, therefore, we might postulate a regressive
development in the termites . A comprehensive view
of the Formicide leads to the same conclusion. The
potentialities of the various caste developments in the
highest subfamilies are all present in the primitive
Poperin®, and if we compare e.g., a Pheidole, a Dorylus
or a Camponotus worker with a worker of the Australian
genus Myrmecia, we are compelled to admit that as an
individual, the latter is a far more highly organized and
efficient insect.

It is interesting to observe that effects amalogous to
those we have been considering in insects may also be
detected in civilized man compared with the savage or
barbarian. Compare for example, the independence and
individual resourcefulness of a great general of the
Homeric age, Achilles or Hector, who indulged in single
combats, with the dependence of Foche and Pershing on
their armies and the remainder of society during the recent
war. No future Homer will describe these highly civilized
gentlemen as challenging Hindenburg or Luedendorf
to single combat in order to decide the outcome
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of a battle. The single large-eyed Myrmecia worker
goes forth alone to attack other insects, whereas the blind
Dorylus worker has to maintain constant olfactory and
tactile communication with the marauding column or it
is hopelessly impotent. Even between the various groups
in civilized societies similar contrasts occur, e.g., between
bank robbers and bank clerks. The amount of space
given to the former as compared with the latter in the
newspapers, especially in America, shows where our
interests lie. We are not so intensely interested in bank
robbers because they are bad, but because we cannot help
admiring their bold resourcefulness and perhaps because
we have a sneaking realization of our own abject
dependence on the laws and public opinion.
Involutionary effects of social life on the human
individual have long been noticed and at the present
time are the subjects of much scientific and historical
literature just as they were during the latter portion of
the eighteenth century. Thestudy of Le Bon (1925), Martin
{1920), McDougall (1920), Freud (1921), and others of the
behaviour of those temporary associations, known as
crowds and mobs, has brought to light distinctly regressive
manifestations in the psychological field. As Freud says:
“ An individual in a group is subjected, through its
influence, to what is often a profound alteration of his
mental activity. His emotions become extraordinarily
intensified, while his intellectual ability becomes markedly
reduced, both processes being evidently in the direction
of an approximation to the other individuals in the
group ; and this result can only be reached by the
removal of those inhibitions upon his instincts which are
peculiar to each individual and by his resigning those
expressions of his inclinations which are especially his
own . Of course, the crowd displays in an acute and

* It is interesting to note that the higher social insects, especially
wasps, honeybees and ants display phenomena similar to those of
buman mobs—high emotivity, suggestibility, rage, etc. These
mam_festations, moreover, occur only in populous colonies, since a mob
unphgs a number of cobperating individuals; feeble or incipient
colonies of bees, wasps and ants are always very timid.
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exaggerated form the tendencies that are present in a
chronic but less obvious form in the masses and groups
of society as a whole. But there are more startling
evidences of the involutionary effects of social life. The
psychologists find that few of us attain an intellectual age
of eighteen years' and that most of us retain throughout
life the mentality of children of fourteen years or less.
Even this is too flattering, for the psychoanalysts call
attention to the great difficulty which the best of us
experience in preserving an adult or even an adolescent
attitude towards reality and the extraordinary facility
with which we lapse into infantilism. They also point
to the appalling prevalence in our civilization of the
neuroses and psychoses in which this babyish behaviour
is chronic or habitual. And the sociologist proves
statistically the great prevalence of suicide and its
intimate dependence on civilization (Durkheim, 1¢22).
Innumerable individuals destroy themselves because they
are simply bored to death by society. These and many
other considerations have led such different investigators
as Dide and Juppont, Boas and Stircke, not to mention
historians like Spengler and Towner, to express equally
pessimistic views of human capacities and civilizations.
According to Dide and Juppont (1924) ‘“ a consideration
calculated to excite human humility forces itself upon us.
The subordinate forms of consciousness, closely connected
with instinct, still remain vibrant with formative energy,
while the cognitive functions, though of more recent
origin, not only seem to have completed their evolution,
but even to manifest a certain regression in man. And
this agrees with the facts revealed by comparative
cytogeny. Poorly differentiated cells are endowed with
prodigious reproductive activity whereas highly differ-
entiated cells, especially those of the cerebral cortex, have
lost all their reproductive powers. One of us has long
been making a special study of these phenomena and
though he has detected a few lingering traces of direct
division among the pyramidal nerve cells of rodents, has
vainly sought for any similar tendency in man. Instead
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he has been able to note, in works still unpublished, the
constancy of amitotic divisions in the cells of the
sympathetic, which is the organ of the visceral functions.
These facts, which are no longer open to discussion, leave
little doubt concerning the future destinies of the superior
biological races . .

According to Boas (1924), ““ when forming our judgment
of the significance of racial differences, we must remember
that the races of man may not be compared with wild
forms of animal life, but that man is the oldest
domesticated form. The use of artificially prepared
food, which set in with the invention of fire during the
glacial period, marks the beginning of the period of
domestication ; it may indeed go back still further, to
the beginning of the use of tools. This view was first
expressed by Le Salles in 1849. Later Hahm called
attention to it ; I dwelt on it in 1911, and in 1913 Eugen
Fischer, and later on Klatt, have taken up the question
from the standpoint of anatomical evidence. Blondness,
blue eyes and a fair skin, as well as blackness and curly
hair, are traits of domestication. So are the reduction
of the size of the face and the increase in its length.
Permanence of the female breast, anomalies in sexual
behaviour and the lack of a mating season belong in the
same category ’. The psychoanalyst Stdarcke (1921),
impressed like so many others with the prevailing neurotic
behaviour of our civilization, goes so far as to regard it as
a peculiar disease which he calls *“ metaphrenia ", which
is “ imposed on a certain portion of society in order to
obtain a certain extra gain whereby all profit . And he
concludes his chapter on metaphrenia with the following
statement : ‘“ The sublimations and reaction-formations
of the social human being follow the mechanisms of the
obsessional neuroses (there is here an agreement of the
moral, logical, and @sthetic compulsion with that of the
neuroses). They also tend to the return of repressed
material. We see the civilization of a people or a race
built up in cycles according to the mechanisms of the
obsessional neurosis, until it becomes no longer bearable ;
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then there comes about a limitation of the useful effect
through the return of the repressed material in disguised
form, and a breaking through of forbidden things in war
and revolution, according to the principles of manic
psychoses, while various “isms” analogous to the
paranoid fields are not lacking *.

The notion of ‘ domestication ”’, which im another
passage Stircke would substitute for “ sublimation ”, is
also applicable to the social insects. But domestication
is closely akin to parasitism. The difference between the
enormous advantages, merely in food and protection,
accruing to the individual as a member of a society,
compared with its own feeble contributions, is so enormous
as to be in many respects comparable with the difference
between host and parasite. Consequently the regressive
mental and physical traits of the individual resemble
those of parasites, as we see in our domesticated animals.
But domestication produces opposite effects in different
organisms. In some it produces sterility, whereas in
others it entails atrophy of the organs of relation (sensory
and neuromuscular system) and hypertrophy of the
gonads, alimentary canal and other viscera. In the
social insects both effects may be observed, the former in
the workers and to some degree in the soldiers, the latter
in the queens. There are obvious analogies in human
society. This ambivalent effect of domestication has
been obscured, so far as domestic animals are concerned,
by the fact that man could select and retain only fertile
species, and so far as plants are concerned, by the fact
that they can be propagated asexually.

(6) But notwithstanding all the involutionary traits
that have been cited as characterizing the social individual,
it must be admitted that societies as wholes are very
powerful agents as compared with any solitary, non-social,
organisms. The only dangerous rivals of social species,
therefore, are other social species. They constitute, in
fact, the most virulent forces in the fauna, since they are
so destructive either as predators or as competitors, not
only to the solitary species in their environment but to
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one another. Hence we should expect the activities of
social organisms, when unrestrained by climatic or other
environmental factors, to lead eventually to the exter-
mination of the solitary and the survival of a few very
powerful and prolific social species. It is scarcely
necessary to call attention to the behaviour of civilized
man in this connection. Having exterminated nearly
all the primitive human societies and nearly all the
Mammalia, except the few he has been able to domesticate,
heisnowengaged in destroying much of the remainder of the
life of the planet. And the social insects assume a similar
role among the terrestrial Arthropoda, especially in those
portions of the tropics where they have full sway and have
not yet come in contact with civilized man. But before
continuing this topic something must be said about the
death of societies.

Even the most pessimistic thinkers (Spengley, etc.) do
not believe that human societies die from the effects of
their culture and internecine wars. They merely return
after each great efflorescence to dormant, Fellahin con-
ditions, like those of the Egvptians, Chinese and the
peoples of the Dark Ages in Europe, for nothing short of
a cosmic catastrophe can exterminate the human race.
Insect societies are more like single organisms in that they
die. Unfortunately our knowledge of the duration,
decline and extinction of their perennial societies is not
as precise as we could wish. We know, of course, the
conditions in the wasps, humblebees and Halicti of
temperate regions, where the colonies exist for only six
to eight months and then disappear, leaving the young
fertilized queens to create new colonies during the ensuing
year. The life of an ant colony containing only a single
fertilized queen, must end soon after her death. In some
of our species she is known to live at least fifteen yvears
and this, since the workers are short-lived (three to four
years), would be about the length of the colonv’s life.
But when fertilized daughters of the queen are adopted
from year to vear by the colony, it may live much longer—
to an age of forty or fifty years or perhaps more, but in
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regard to this matter and the longevity of termite colonies»
our knowledge is meagre. Since, however, the life of the
species does not depend on the life of the single colony,
another and more obscure problem is suggested by the
question as to how the species of social insects become
extinct. Their colonies, as we have seen, are so much
more powerful and persistent than individual organisms
and through their wide dispersal so difficult to destroy
even by larger animals (birds, toads, ant-eaters, etc.) or
by merely local or temporary climatic conditions, that the
extermination of the species of social insects must be due
to other causes. That it has occurred repeatedly during
geological time is certain, and that it is still taking place
is highly probable. In boreal and temperate regions, no
doubt, the severest effects are produced on wasp and
humblebee colonies by adverse climatic conditions.
Concerning the causes of extinction among the Vespinz,
Apinz and Meliponina of the tropics we know nothing,
though their colonies are much fewer in number than those
of the ants and termites. Their growth and decay are
probably regulated by the available insect and plant foods.
The Doryline ants are certainly formidable enemies of the
wasps. The greatest enemies of the termites are the ants
and of the ants other ants, and undoubtedly civilized
man is the most implacable enemy of both of these groups
of social insects. The abundance of species and survival
of many primitive types in the portions of the East
Indian, Australian and Neotropical regions that have
remained untouched by civilized man shows that in these
places a nearly perfect bioccenotic balance has been
preserved for ages, but wherever he is settling the balance
is being rapidly upset. The clearing of the land of
indigenous vegetation and the introduction of foreign
cultivated plants and domesticatedanimals is provingto be
the most serious factor in the extermination of ants and
termites. The effects of civilization are therefore in great
measure indirect. This is apparent in North America,
where all the more primitive ants, like the Ponerinz,
which for ages have been adjusted to very precise edaphic
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and other conditions, are rapidly disappearing. Only the
more plastic and adaptable native Myrmicinz and
Formicinz manage to survive in the settled areas and with
the increase in the density of human population they, too,
are tending to disappear. In the tropics an even more
rapid extermination is due to certain extremely prolific
and adaptable species of ants, which areable to live evenon
ships and have therefore been transported to all parts of
the world where they quickly take possession of such
areas as have a mean annual temperature like that of their
original habitat. Two of these species, the Myrmicine
Pheidole megacephala and the Dolichoderine Iridomyrmex
humilis, may be briefly considered.

Pheidole megacephala is supposed to have originated
in Madagascar, because it has the greatest number of
varieties and allied species on that island. Within the
past century it has been carried to all parts of the tropics
and exterminates the native ant fauna wherever man has
prepared the way for its conquests by destroving the
native vegetation and introducing extensive cultures of
foreign plants. The latter soon become infested with
insects and especially Coccids, which are favourite wards
of megacephala. Heer showed that by 1852 this ant had
taken complete possession of the island of Madeira. It
has also exterminated all or nearly all the ants on some
of the West Indian Islands, notably Bermuda, the
Bahamas, St. Thomas and Culebrita, near Porto Rico,
and has made considerable progress in Cuba and Hawaii.
In larger areas, especially on the continents, its progress
is slower, because the same is true of its advance agent,
civilized man. Several years ago I was able to witness
its gradual invasion along the eastern coast of Australia
where at widely separated points the British colonists
have founded a number of towns. Ph. megacephala,
brought by commerce to these settlements, is at first
confined to their streets and gardens, completely replaces
the native ant fauna, establishes its nests evervwhere
about the roots of the trees and pastures Coccids on their
bark and foliage. On proceeding inland a short distance
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to a zone which is being cleared and brought under
cultivation, one observes megacephala in active conflict
with the native ants, entering their nests, carrying away
their brood and assassinating the adults. I actually
witnessed the destruction of a colony of the superb
Podomyrma femorata, a large, rather stolid ant, which
lives in burrows in the hard wood of standing trees.
These ants were quite unable to defend themselves against
the hordes of minute Pheidole workers. The colony was
completely destroyed, the larvae and adults killed and
slowly dragged away. Proceeding still farther inland one
comes upon the untouched, original forest, which, owing
to the exquisitely balanced interrelationships of its
faunal and floral components, megacephala is unable to
penetrate, till man intervenes with his devastations.

The history of Iridomyrmex humilis (Fig. 79) is similar.
It seems to have originated in Argentina and has
therefore been called the Argentine ant. After entering
New Orleans, it increased to enormous numbers and spread
rapidly over the Southern States and California, every-
where exterminating the native ants. It crossed the
Atlantic and became a pest in such widely separated
countries as Cape Colony and Portugal. According to
Stoll (1898}, it landed also in Madeira and succeeded in
supplanting Pheidole megacephala, which had held
possession of the island since the days of Heer. More
recently Aumilis has appeared in France and the Canary
Islands (see Wheeler, 1927)." The fact that wherever
this ant comes in contact with megacephala, the latter has
to give way, is very interesting in connection with my
remarks on the contrast between the vigour of the colony
as contrasted with the feebleness of its members.
I. humilis is a soft-bodied species, without a sting,
whereas megacephala has a hard integuemnt, a sting and
a large-headed soldier caste with powerful mandibles.

I In the second edition of his " British Ants’’ (1927), Donisthorpe
records /. humilis as having been recently introduced into houses 1n
various parts of Great Britain, as far north as Ldinburgh and into

Guernsey 2nd Germany {Hamburg). He observed it at Paleimo in
Sicily and Kutter (1927) found it established in the vicinity of Naples.

.
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Although the Argentine ant is therefore individually the
weaker, it surpasses the Pheidole in the fecundity of its
queens, the size of its colonies, its activity, enterprise
and resourcefulness—all traits which make it as much
superior to the Pheidole as the latter is superior to the
other ants when introduced into a fauna that has been
more or less weakened by the agency of man. We can
foresee that as civilization advances man will exterminate
the terrestrial fauna and flora, except the portions from
which he can derive some benefit. But the most prolific
and resourceful ants will remain as his annoyers and
competitors and will probably be among the last insects
to disappear. In his struggle with them he will probably
succeed best through indirect methods, i.e., by modifying
or abolishing the environmental conditions essential to
their survival.
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Chobant, A., 249

Chorizops loricalus, 190

Chrysidida, 26, 32, 47. 59, 57. 58

Chrysomelid, 52

Chrysopa, 40, 41

Cicada septemdecim, 14

Cicindelida, 18

Cicinnus melsheimers, 189

Cimbicide, 30

Cionus thapsi, 53

Cladrastis amurensis,
bunda, 42

Clark, 1., 284

Clausen, C. P., 42-45

Clavigey testaceus, 269

Clavigenida, 261, 262

Cleptid, 26, 58

cleptobiosis, 175, 278,279

Cleride®, 62

Cleveland, L. R., 138, 156, 157, 213

Clistogastra, 26, 32, 33, 50

Coccidotrophus, 15, 19, 159; cor-
die, 19 ; socialis, 17, 18

Coccids, 119, 235, 238, 248, 319

Coccinellids, 4, 238

Cockerell, T. D. A., 34, 38 8o,
96-98, 114-117

cockroaches, 29, 137

Carnothele gregalis, 8

Ceeozoic, 217

Cohausen, J. H., 243

Coleoptera, 15, 16, 26, 27, 45-47,
53, 835, 118, 252, 261, 300

Colletes, 77, 79

Collin, J. E., 258

Collins, R. L., 141

Colobopsis, 125,
stricta, 115

42; flon-

.

188, 190, 221;
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colonies, mixed, 278, 282, 284,295

Comedo, 54

Comes, S., 157

commensalism, 248, 296

communication, 231

Comstock, J. H., 26, 31, 55, 58, 59,
70, 77, 159, 165

Comte, A., 106, 133

Condorcet, 106

Conocephalus fasciatus, 40

Comnopids, 251

constraint, social, 305

co-operation, 12, 305

Copidosoma gelechie, 163

Copris, 15

Coptotermes, 143 : ceylomscus, 188

Cordia alliodora, 19

Corotoca melantho, 266 ; phylo, 266

Corpora pedunculata, 176, 178,
179

Corymbogaster miranda, 266

Corvnura, 91

Cosilide, 57, 58

Crabro, 8o

Crabroninz, 79, 8o

Cragg, F. W., 256

Craig, W., 11

Crampton, G. C., 137, 150

Cratotechus, 54 .

Crawley, W. C,, 104, 165, 205, 231,
292, 293

Creighton, W. S., 289, 290

Crematogaster, 112, 123, 173, 242,
257, 292 ; alligatriz, 258 ;
{Colobocyema) cylindriceps, 189 ;
parabiotica, 280

Cresson, E. T., 58

Cretaceous, 8o, 127, 143,
Lower, 126 ; Upper, 126

Criocerus asparagt, 53

Crosby, C. R., 48

Crustacea, 35, 178

cryptobiosis, 158

Cryptocercus, 150
147, 148

Cryptocerus, 189

Cryvptophagide, 250

Cryvptotermes, 138, 188, 190

Crvpturus argiolus, 250

Ctenoplectrella, 8o

Cubitermes, 157

Cuénot, L., 247

Curtis, J., 32, 110

Cushman, R. A., 31, 47, 52, 263

Cutler, W, 139

Cyclotorna, 261 ; wmonocentra, 259

Cyclosoma truncaium, 1go

Cyllene, 66; pictus, 62

301 ;

punctulatus,
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Cynipide, 35, 50, 162, 169, 301
Cvnipoidea, 41

Cyphodeira, 253
Cyphomyrmex, 201
Cyrtomyrma, 126

Cyttophora, 10 ; citricola, 9

Daly, R.A., 129

Darwin, C., 220, 284, 286

Dasypoma, 16

Davidson, A., 67

Davis, J. ]., 66

Decapoda, 178

Deegener, 3, 4, 241

De Geer, C., 148

De Grange, McQ., 133, 159, 245, 305,
306

De Greef, 304

Demoll, R., 241

Dendrolasius, 293

Dendromyrmex, 125

Dermaptera, 16, 147-150, 182

Dermestes, 61

Dermestide, 250

Descy, A., 165

desmergates, 174

Desneux, J., 137

De Vries, H., 214

Diacamma, 58, 169, 173, 217

Dical tus erythrostoma, 53

dicotvls, 8o

Dictyria muraria, 10

Dide, M., 314

Dielocerus, 32

Diet], M. J., 178

Diguet, L., 8

Dimmock, G., 251

dimorphism, sexual, 108, 130, 161

Din‘.mphom_vrmex, 118, 119

dinergate, 174

Dinomyrmex, 125

Dip'optera, 66, 68, 84, 85, 108

Diptera, 27. 2a. 33, 35, 45. 53, 153,
250, 255, 266, 267, 268

Distant, W. L., 10

Dity:chomonas termitis, 139

Dodd. F. P., 259-261

Dcnhofi, E., 218, 239

Doflein, F., 231

Dohanian, S. M., 163, 164

Dolichoderin®, 105, 106, 119, 123,
173,234,242, 263, 292, 310

Dolichoderus, 116

domestication, 315, 316

Doncaster, 218

Donisthorpe, H., 1-4, 114, 203,
249, 253, 262, 287, 292, 293,
320

365

Dorvlin®, 105, 106, 111, 112, 118,
119, 123, 126, 159, 168, 169, 174,
254, 263, 283, 310, 318

Dorvlus. 196, 253, 3I2,
nigricans, 256

Dorymirimex prramicus, 279

Doten, S. B., 51, 53

Dreher, O., 38

Drever, J., 11

Drevling, L., 99

Drvinide, 50, 51, 57,58, 64, 65

Ducke, A., 32, 67-72, 83, 101, 102

Diirken, B., 20

Dufour, L., 1.

Dujardin, 176

dulosis, 285, 288, 289, 298

Dunbar, C. O,, 2

Dunbaria fasciatipennis, 29

Dunn, E. R., 189

Durkheim, E., 305, 309, 314

Dutt, C. R., 256

dystrophaptic insects, 12, 47, 48

Dzierzon rule, 92, 95, 162

313 ;

Echinopla, 125

Eciton, 15, 58, 159, 170, 242, 253,
283, 284 ; burchells, 283 ; hama-
tum, 283

Eckermann, J. P., 307

Ectatomma, 205

Edwards, 257

eftieurage, 242

Eidmann. H., 234

élan vital, 23

Elaswes riabellatus, 51

Elaterid, 60

Electrapis, So, 98

Electrotermes, 142

Elis, 112 ; 4-notata, 66

Ewmtra major, 148

Embidana, 16

Embiide, 16

Emb:idina, 147, 148

Embolemide, 57

Emeljanod, N. 219

Emevadia <abellata, 249

emergence, 24

Emerson, A. E., 136, 149, 185, 186,
207

Emerton. J. H., 10

Emery, C., 104-106, 111, 114, 123~
128, 152, 173, 193, 195, 202, 204,
205, 211, 210, 218, 219, 221, 235,
282, 258q, 293, 298

emotivity, of man, 313; of social
insets, 313

Enderlein, G., 110

von Engelhardt, 153



366

entelechy, 23, 220, 221

Eocene, 34, 114, 115, 117, 128, 129,
141, 215; Green River, 34;
Lower, 141 ; Upper, 117

Eoformica eocenica, 17

Epeira bandeliert, 7

Epeolus, 77

Ephedrus incompletus, 47

Ephemerids, 14, 29

Ephestia kiihniella, 51, 53

Ephtalites extensor, 250

Ephialtites, 34 ; jurassicus, 27

epigenesis, 191

epimegetic males, 171

Epipheidole, 294

Epiponinz, 15

Epeecus, 174, 204 ; pergandei, 296

Epopostruma (Colobostruma) le, 189

Epvris, 57, 59, 60; extrameus, 60

ergatandromorphs, 218

ergatoid females, 289

ergatomorphic male, 281

Ericacee, 85

Erichson, W. F., 241

Ervcinida, 260

Escherich, K., 104, 135, 213, 236,
254, 268

Espinas, A., 5, 304, 307

ethologv, 21

Eucampounotini, 121, 123

Encera, 32, g9, 237

Eucharidae, 38, 41, 44, 46, 262 ;
Eucharis myrmecie, 41
Eucondylops konowi, 275

Eulema, 83

Eulophid, 52

Euglossa, 32, 83; migrita, 83;

surinamensis, 83

eumegetic males, 171

Eumenes, 69, 249

Eumenidz, 59

Eumenidinae, 68 .

Eumenin, 15, 67, 69, 71, 82, 113,
169

Eumorpha, 83

Eunausibius, 15, 18, 19 ; wheeleri,
17

Euparagine, 68

Euplectrus  bicolor,

o stocki, 52

Euponera senaarensis, 158

Eusphinctus, 112

Eutermes, 143, 156, 181, 187, 214,
227; aquilinus, 180 ; bivalens,
180 ; castaneiceps, 180; chagui-
mayensis, 178 ; cyphergaste?, 181,
diversimiles, 180 ; jossarum, 141
fraasi, 142 ; heteropterus, 180 ;

52; com-

INDEX

hospitalis, 181 ; lacustris, 183 ;
monoceros, 156; morio, 183;
pilifrons, 183; sanchezi, 183

tenuirostris, 181 ; irinervius 154,
180 ; velox, 180

eutrophaptic insects, 12, 48

Evaniida®, 33, 34, 48

Eversmann, E., 9o, 91

evolution, tg, 22, 126, 211; of
Aculeata, 302 ; of ants, 104 e¢
seg.; of bees, 75 et seq.; con-
vergent, or parallel, 30z; of
guests and parasites, 246 et

seq.; 298; of plants, 8o; of
physogastry, 266; of social
parasites, 273 et seq.; of ter-

mites, 130 ¢t seq. ; of termitophiles,
265 ; of wasps, 50 e? seq.
Exoristz lobelie, 33
exudates, 99, 213, 232, 236, 238,
262, 266
exudatoria, 234, 248, 264, 267
Ezikov, J., 195, 199, 212

Fabre, J. H., 1, 11, 35, 46, 90,
91-93. 95, I10, 153

families of social insects, 12

Farquharson, C. O., 256-258

Farguharsonia rostraia, 258

Fedschenkia, rrr -

Fedschenkiide, 109, 111, 121

Fedschenkiine, 109

females, a typical, 173; ergato-
morphic, 155 ; pathological, 172;
typical, 173

Ferndre, A., 304

Ferton, C., 1, 59, 66, 67, 79, 90, 275

Fevtaud, J., 152, 213

field, trophoporic, 255, 256, 257,

305

Fielde, A. M., 163, 202, 284, 311

Fischer, E., 314

Fiske, J., 13

Fiske, W. F., 302

Fletcher, H., 275

Feeninz, 33

Forbes, S. A., 66

Ford, N., 40, 150

Forel, A., 41, 104-106, 111, 123,
165, 176-179, 216, 225, 231,
242, 230, 293

Forficulid®, 16

Forficula auricularia, 149

Formica, 16, 103, 116, 212, 235, 287,

291 ; aserva, 285 cinevea, 284 ;
consocians, 29z, eoptera, 117.
exsecta, 292; exsectrides, 224,

253, 292 ; fori, 126, 217, fusca,
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126, 217, 207, 284287, 292, 295,

296 ; heteroptera, 115, meogo-
gates, 284; obscuripes, 292 ;
pallide-fulva, 284, 292; pra-

tensis, 282, 292 ; rufa, 210, 212,
281, 292, 298; sanguinea, 206-
208, 232, 259, 262, 269, 270, 284~
287, 289, 291, 298 ; schaufussi,
177, 178

Formicid=, 16, 58, 65, 76, 101, 104
et seq., 121, 143, 168, 216, 296,
298, 301, 310, 312

Formicinz, 105, 106, 109, 119, 123,
202, 234, 242, 263, 285, 291, 310,
319

Formicoxenus, 172 ; nitidulus, 210,
281

Fossores, 56, 60, 77, 78, 80, 108

Fouillée, A., 11, 304

Fox, W. 1., 77

Freeman, 297

Fremddienlichkeit, 226, 271

Freud, S., 313

Friese, H., 76, 78, 79. 83, 90, 98,
238, 275-277, 310

von Frisch, K., 148, 231, 237, 242,
243

Frison, T. H., 215, 276, 277

Froggatt, W. W. 137

Yrohawk, F. S., 260

Fulgorida, 64, 238

Fullaway, D. T., 61

Fuller, C., 151, 156

Fulton, B. B., 149, 154

Gabrichevsky, E., 251

Galerucela xanthomel@na, 53

Galleyia melomella, 239, 252

generations, alternation of, 161

Genievs, P., 48

Gesomyrmex, 118, 124,
chaperi, 118 ; howardi, 125

glantism, 173

Giard, A., 1, 162, 164, 171, 274

Giardinaia urinator, 49

Gigantiops, 124

Giraud, J., 67

Glyptapis, 8o

Givptus punctulatus, 266

Goeldi. E. A., 251

Goethe, W, 214, 307

Goldschmidt, R., 218

Goniozus, 61

Gonocephalum seriatum, 60

Gosse, 66

de Gourmont, R., 228

gradient, axial, 211

Grandi, G., 51, 170, 171

125 ;
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Grassi, B., 140, 152, 156, 157, 184,
193, 212, 236

Green, 148

Green, E.E., 255

Griffini, A., 170

Gryvllids, 153

Grylloblatta campodeiformis, 150 ;
barteri, 150 ishiana, 150;
nipponemsis, 150

Grylloblattaria, 150

Grylloblattoidea, 147, 150

Gryllotalpa, 16

guests, 229, 235, 261, 268

Gutbier, A., go

Guvyon, L., 256

Gymnosperms, 80

gvnecoid workers, 166, 214

gynandromorphs, 218 ef seg.

habits, anthophilous, 3or : aphidi-
colous, 106 ; arboricolous, 122,
123 ; coccidicolous, 200; den-
drobious, ¢8; entomophagous,

200, 301 ; hypogaic, 123, 268 ;
mycetophagous, 106, 232, 283
omnivoraus, 200; spermato-

phagous, 106; terricolous, or
humicolous, 98, 106, 121, 123;
trophobiotic, 118; vegetarian,
301

Habyobracon brevicornis, 53, 163 ;
Johannseni, 53

Habrocytus cionicida, 53

Haeckel, E., 304

Haerter, 238

Hagiomyrma, 125

Hahn, 314

Haliday, A. H., 57, 58

Halictin®, 16, 165, 167, 224, 227,

230

Halictus, 5. 16, 77, 83. 84, 90-92,
100-102, 165, 189, 275, 279, 317 ;
calceatus, 91 ; (Lucasius) clavipes,
93; cvlindricus, 91 fodienms,
92 ; {Augochiora) humeralis, go,
91 . immarginatus, 93, 95 ;
latipes, 4. lineolatus, a3, long-
wlus, 94, 95; Mmacwiaius, 93 ;
malachurus, 9396, 169, 275;
morio, 93 ; Migricornis, 4, pauzu-
lus, 95 pruinosus, 251 . puncti-
collis, 93, 905 ; guadricinitus, 9r,
95 scablse, 91, 95, Sexinctus,
91, 93, 95 . suror, 93 ; viliosulus,
93, 95 (Chloralictus) zephyrus,

90 1
Hamaker, J. J., 178
Hamamelis virginica, 40
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Hamearis epulus signatus, 260

Handlirsch, Adam, 45

Handlirsch, Anton, 20, 26, 27, 29,
30, 33, 35, 36, 55. 56, 58, 59, 77,

, 81,97, 106, 107, 109, 111, 112,

I14, 120, 126, 127, 141, 143, 150,
153

Harmolita, so

Harpagomvia, 257, 261;
harsoms, 257

Harpagoxenus, 169, 285, 289, 299 ;
americanus, 289, 290; sub-
levis, 289, 290

Harris, R. G., 171

Harris, T., 189

Harvev, E., 252

Hase, E., 252

Haswell, 128

Haupt, P., 243

Hauser, G., 241

Hayes, W. P., 60

Heard, G., 229

Heath, H., 140, 152, 168, 184-186,
213

Hebard, M., 147

Hedley, 128

Heer, O., 114

Heikertinger, F., 271

Hemileuca olive, 53

Hemiptera, 170

Hemiteles areator, 163, 164 ; ful-
vipes, 164; longicanda, 164 ;
tenellus, 163, 164

Henning, H., 225, 243

Hentz, N. M., 190

Herbst, 91

hermaphroditism, 272

Herms, H. B., 195

Herrick, C. J., 239 .

Hertwig, O., 103

Heselhaus, F., 99, 276

heterochromatism, 161

heterodont males, 171

beterogony, 170

Heterogvna, 59, 109, 114, 119, 121

heteromorphosis, 161

Heteroptera, 16, 255

heterosymphagopedium, 3

heterosymporium, 4

heterosynepilenm, 3

Hexapoda, 26, 246, 248

Hevmons, R., 46, 48

Hieracium, 94

Hill, G. F., 138

Hingston, 187, 220

Histerida, 261 0

history, 20

Hochreuter, R., 241

fargu-

Hodotermes, 139, 141, 142, 156, 187,
227

Hodotermitida, 136, 156

Hodotermopsis, 141

Hofler, E., 276

Holepyris, 59 ; hawaiiensis, 60

Holliday, M., 209

Holmgren, N., 135-138, 178, 18o-
182, 188, 213, 236, 310, 311

Holometabola, 28

Homoptera, 64, 227, 238, 259, 263,
302

honey ants, 235

honey bee, 165, 170, 176, 197-199,
212, 220, 221, 237, 243, 251, 303,
310

honev-dew, 18, 248, 302

Hood, J. D. 58

Howard, L. O., 38, 53, 54, 61
Howes, P. G., 69
Hormiinz, 33

Huber, F., 285

Huber, P., 170, 285, 286

humble-bees, 197, 310, 317, 318

Hungerford, H. B., 45

Huntington, E., 127

Huxlev, T., 22

Huxley, J. S., 170

Hyla lichenata, 189

Hylzodes, 79

Hymenochimaera abnormis, 58

Hyvmenoptera, 15, 24, 25, 27, 39,
35, 38, 47. 53, 59, 120, 153, 162,
268, 300, 301, aquatic, 48, 49
parasitic, 163 ; stinging, 50

hypermetamorphosis, 36, 46

hyperparasites, 38, 293

hypertely, 271

hvpertrophy, 310, 311, 316

hyphenosymphily, 253

Hypoborus ficus, 51

H;pw linea bituberculata, 256, 258

hypomegetic males, 171

Hyslop, ]. A., 60

Ichneumonid, 33, 34, 47. 58, 62,
131

Idarnini, 51

Idiogastra, 26

von lhening, H., 101, 102, 127, 129,
197

von Ihering, R., 72, 83, 90, 100, 102

imitation, social, 305

Imms, A. D., 138, 148, 150, 157,
163, 185, 186, 193, 214

infrasocial insects, 13

instincts, 225, 226, 229, 230,
svmphilic, 230, 268-271, 298
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Infusoria, 35, 138

intersexes, 218

involution, of castes, 312 ; of man,
313; in social insects, 310

lognopsis polytricha, 139

Ipidee, 15, 189, 300

Iridomvrmex, 173 ; gapperti, 118 ;
gracilis, 284 ; humilis, 319 ;
sanguineus, 159, 259

Iris, 84

Isoptera, 16, 19, 24, 135-137, 143,
147, 150, 216, 300, 301

Jack, R.W., 165

Jacobson, E., 256-258

Jambunathan, N. S., 10

James, S. P., 257

Janet, C., 103, 112, 165, 169, 233,
242, 254, 311

Jassida, 64, 259

Jeannel, R., 64

Johnson, Ben, 243

Jones, D. W., 149

Jonescu, C. N., 176

Jucei, C., 138, 140, 156, 157, 182,
184, 198, 213

Juppont, P., 314

Jurassic, 27, 28, 34, 126, 127

Kalotermitide (see Calotermitida),
186

Keilin, D., 64

Kelley, E. O., G., 40

Kemner, N. A., 46, 232, 272

Kiefier, J. J., 57, 61, 64

King, J. L., 45, 150

Kinsev, A. C., 34

Kirkaldy, G. W, 256

Klatt, 314

Klebs, R., 118

Klein, 199

Knower, H. M., 183 ’

Kober, L., 128

Kohl, F. F., 80

Kolbe, H. J., 128

Konowiella, 110, 111

Kornhauser, S. 1., 65

Rorzybsky, A, 133

Koschewnikow, G. A., 199, 212

Kosminsky, P., 219

Kroner. R., 20

Kuehnle, K. F., 178, 182

Kunckel-d'Herculais, J., 250

Kuo, Z. Y., 230

Kutter, H., 288, 292

labour, division of, 132, 134, 165,
215, 309

i

Lasius,

Lepidonotus, 178
Lepidoptera, 27, 29, 47, 153, 248,
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Lachnosterna, 66

Lzlius trozodermatis, 61
Lamborn, W. A., 2356, 261
ILameere. A., 159
landbridges, 127, 128
Langhofer, A., 75, 310
de Lannov, F., 293
Larrine, 77

larva,

asexual, 171; campodei-
form, 47 ; coarctate, 46 ; cvclo-
poid, 45 eruciform, 30, 47;
eucoiliform, 45; first stage, 46 ;
pupa, 172; second stage, 46;
tvpical padogenetic, 172
vagrant, 172 ; vermiform, 47
101, 103, 173, 29I, 202 ;
alicnus, 205, americanus, 62,
177, 293 ; bicormis, 203 ; ciliatus,
293 ; favrus, 205, 212, 269;
(Dendrolasius) fuliginosus, 177,
203 ; (Adcanthomvops) latipes,
293 ; minutus, 293; mMmixtus,
254, {(Acanthomvops) murphvi,
203 ;  myops, 212, neoniger,
203, 203 ; niger, 103. 126, 165,
177, 205, 293 ; schiefferdeckert
118, 126 sithaénsis, 293
subumbratus, 293 ; terreus, 117;
umbratus, 177, 293 ; var .
meridionalis, 205

Latreille, P. A., 1, 26, 75, 83, 104,

100

Latridiid, 8

Lebia. 47 ; scapularis, 46
Le Bon. G., 313

Leconte, }., 119

Le Dantec, F., 227, 305

Legewie, H., 00

Leibv, R.W., 163

T.eontodon, ug

Lepeletier de St. Fargeau, A. L. M.,

I, 30,83 84, 275
]

P

~2)

Lepisma, 178

Leptanilla. 105

Leptanillinz, 106, 118, 119, 123
Leptanillini. 105

Leptanilloides. 112

Leptogenvs. 15%, 169

Leptomyrmex, 173

Lepthorar acervorum, 210, 284, 296 ;
caradcnsis, 209, 210,; curvi-
shinosus, 200, 284, 290 | emersont,
208, 200, 211 ; 280, 281 ; Jongi-
spincsus, 20Q, 20 ; muscorum,
28q ; obturaior, 209
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Le Salles, 315

Lespes, C., 157

lestobiosis, 278, 279

Lestrimelitta, 277

Leuckart, R., 251

Leucotermes, 143, 180;
142 ; meadi, 142

Libellulopsis, 8o

libido, 226

Lichtenstein, J. L., 50, 52, 53

von Lilienfeld, P., 304

Limnerium calidum, 39

Limonius agonus, 60

Limulus, 148, 179

Lineburg, B., 198, 237

Linvphia wmarginata, 10

Liometopum pingue, 117

Liopus cinereus, 62

Liphyra brassolis, 261

Lithandrena, 8o

Lithurgus, 8o, go, 97: dentipes,
90 ; fuscipennis, 90

Litomastix iruncatellus, 171

Lobopeilta, 58, 255; elongata, 135

Loboptera decipiens, 48

Locke, J., 13

Locustaria, 150

Locustids, 153

Lelium temulentum, 297

Lomechusa, 206-208, 232, 259;
strumasa, 262, 269, 270

Lomechusini, 206, 261, 262

Lomnicki, J., 270, 293

longevity, of colonies, 317, 318

Longman, H. A., 128

Lovejoy, A. O., 13

Lubbock, Sir J., 48, 165, 251

Lucanida, 160, 170

Lucas, H., 83

Ludwig, F., g0

Liiderwaldt, 9o

Lycenz arton, 260, 261

Lyvcanide, 248, 261, 263

Lycium, 85 .

hartingi,

MacGillivray, A. D., 31
Macomber, D., 195

macrognath males,171
Maeterlinck, 24

Maldanide, 18y

malaxation, 3z, S1

males, dimorphic, 172
Mamestra brasswca, 52
Mammalia, extermination of, 317
Manica mutica, 281 \
Mann, W. M., 32, 43, 104, 125, 249
Maanniella, 189

Mantids, 153

Mantispa, 46, 47, 250

Mantoidea, 150

Marchal, P., 1, 48, 52, 167, 193, 275

Marlatt, C. L., 61

Marshall, G. A. K., 10

Martin, E. D., 313

Martvnov, A., 28

Masaride, 67, 63

Masariline, 15, 69, 81, 301, 302

Masaris, 67, 81

Massart, J., 274

Mastotermes, 136, 138, 139, I4I-
143. 137, 215, anglicus, 141 ;
batheri, 141; bournemouthensis,
I41; croaticus, 141; darwiniensis,
137, 133, 141, 215; wheeleri, 141

Mastotermitide, 136-138, 156, 300

Matausch, I., 64

Matheson, R., 48

Mathews, A. P., 238

Matthew, W. D, 128

Mavr, G., 104, I14

McClendon, S. F., 112

McDougal, W., 313

Mclnloo, 241, 267

Mecoptera, 23, 29, 37, 47, 301

Me:copteroid, 28, 29, 150

Megachile, 77, 9o, 98

Megaloptera, 47

Megalytide, 47

Megaponera, 242 ; fatens, 158

Megastelicus formicarius, 253

Mehling. E., 219, 207

Mehlis, G., 20

de Meijere, J. C. H., 256-258

Melander, A. L., go, 150, 251 °

Melanopthalma, 8

Melasoma intervuptum, 52

Melipona, 16, 85,96, 97, 101, 102,
167, 251

Meliponinaz, 15, 16, 33, 84, 96, 97-
101, 165, 178, 197, 224, 227, 237,
238, 242, 251, 277. 310, 313

Meliponorvctes sicula, 97, succini,

97
Melissoblaptes anellus, 250
Melissodes, S0
Melitoma, 82
Melittobia acasta. 53
melittophiles, 247, 240. 250-252
Melos, 252
Meloida, 45-47, 251
Melophorus, 166 ; bagoti, 235
Mellifera, 75
Membracids, 64, 65, 248
Menobranchus, 148
Meraporus, 53
Meria, 57
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Mermis, 204-206, 208, 262; albicams, |
252 ; myrmecophtia, 205

mermithergates, 204, 205, 211

mermithogvnes, 205

Mesaulacinus, 34 ; oviformis, 28

Mesitius, 37

Mesohelorus, 34; muchint, 28

Mesostenus gladiator, 250

Mesotermitida, 136

Mesozoic, 122, 123,126, 129, 141, 143

Messor, 123, 202 :

Metabola, 27 !

Metalnikow, S., 239

metamorphosis, 30, 161, 211

metaphrenia, 315

Metaphyvta, 11, 304

Metatermitide, 136

Metazoa, 11, 174, 304, 307

Methocida, 109, 111, 121

Methocin®, 121

Met@cus paradoxus, 249

Metoping pachycondyl@, 254

Metzer, C., 198

Mever, A., 11, 20, 21

Meyer, E., 202

Miastor, 172

micraners, 270

Microbracon juglandis, 51, 53

microcephaly. 268

Microdon, 2350, 253

microgvues, 210

Micromalthus, 159

microphthalmy. 267, 300, 310

Microsporidia, 252

Middleton, W., 30

Midtertiary, 216

Mik, J., 64

Milichia argvratoides, 258 ; dectes,
258 preectes, 258 ; prosates, 258

Milichiids, 261

mimicry, 226, 271

mimosa, 83

Minnich, D. E., 240

Miocene, 34. 38, So, 96, 97, II4,
I15, 119, 141, 142

Mipotaurus, 15

Miotermes, 142. coloradensss, 142 |

Mirotermes, 156

mites, 118, 253, 263

mneme, 225

Mdbius, K., 83

Moliére, 271

monocotyls, So

mOnﬁgamy' 100

monogyny, 100, 102

monometrosis, 100

Monomorium indicum, 256 ; mimi- |
mum, 296 ; salomonis, 294-296 ‘
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Morawitz, F., 274

Morgan, C. L., 24

Morgan, T. H.. 218

Morice, R. F. D., 275

Morley, C., 58

Morstatt, H., 156, 232

Morus alba, 42

** mosquero,’’ 8

Mrizek, A., 31, 169, 205, 288

Miller, H., 78, 79

Miller. W., 48

Muesebeck, C. F. W., 163, 164

Muir, F., 257

Murray, A., 249

Muscids, 46, 53

mushroom bodies, 176, 182

mutation, 161

mutic males, 171

Mutilla, 109 ; brutia, 250 ; littoralis,
250

Mutillide, 37, 57, 58, 109-11I, 113,
121, 122, 251

mycetometochy, 283

mycephagy, 160

Mycorrhiza, 297

Mvers, A., 51

Myers, J.G., 7

Myvmarid, 48

Myrma, 125

Myrtmecia. 117, 212, 313; forficata,
41 gulosa, 42

myrmecocleptics, 254, 261

Myrmecocyvstus, 101, 103, 166, 235

Myrmecophila, 254

myrmecophiles, 118, 247, 252 et seq.,
262, 263, 278, 296, 299, 305

myrmecophytes, 305

Mytmecopterina, 110

Myrmedonia. 253, 266

Myrmhopla, 126

Myrmica, 116, 206, 207 ; canadensis,
20%, 20q, 280 ; lzvinodis, 260 ;
ruginodis, 219 ; scabrinodis, 260

Myrmicina, 103, 106, 119,123, 173,
201, 202, 234, 263, 285, 283, 292,
319

Myrmorhachis, 125

Mvrmosericus, 125

Mormosida, 110, 111, 121

Myrmosinz, 109

Myrmoturba. 125

Mvstrocnemis, 57

Myzine, 112 ; andres, 66

nanism, 173, 270
Nangle, 255

Nasonia brevicornis, 53
Nassonoff's gland, 242

24
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nasuti, 179, 180, 186
Nasutitermes, 156; (Constricto-

termes) cavifrons, 186, 267
Naustbius clavicornis, 251
Necrophorus, 4
nectar, 243
Nestaripa, 71; lecheguana, 67, 73
Necturus, 148
Nelson, J. A., 195, 198
Nematocera, 267
Nemestrinide, 45
Neocorynura erynnys, 91
Neolarra pruinosa, 77
Neomyrmamblys, 189
Neoponera, 123, 204 ;

158
Neoscleroderma, 61
neotenia, 155, 180
Neotermes, 138
Nephilla, 7 ; plumiges, 6, 9
Nereis, 178 ; vivens, 178
nests; compound, 278, 283 ; phrag-

mocyttarous, 71 ; stelocyttarous,

I, 74
I\'e7uroptera, 28, 29, 46, 47
Newell, W., 202
nidification, 305
Nieboer, H. J., 285
Nielsen, ]. C., 59, 60, 79, 275
Noctuid, 40
Nomada, 77, 110
Nomadina sisandina, 38
Nomadinin®, 37
Noptoptera, 147, 150
Novicow, J., 304
Novomessor, 123
Nylander, W., 58
Nysson, 274
Nyssonina, 8o

commulala,

Ochromyvia, 255, 256

Ocymyrmex, 173

Odonata, 29

Odontotermes, 180 ; pnstmus 142

Odontomachus, 204

Odynerus, 15, - 69,
simulator, 249

(Ecanthus, 153

Ecophylla, 117, 125; bartoniana,
115

cecotrophobiosis, 233

Editosoma mirandum, 266

(Enothera, 214

79, 249

Ohrwall, 240

Oligarces, 172

Oligocene, 114-116, 119, I4I, 215,
217 ; Lower, 34, 8o, 96, 115, 126,

INDEX

216; Middle, 114; Upper, 20,
34, 96, 97

Oligomvrmex, 174, 235; pana-
mensts, 174

Ounions, G. W., 165

Onvchomyrmex, 169

Ophion macrurus, 38

Opisthopsis, 125, 159

Orasema, 4-44, 208 ; viridis, 39, 43.
203, 204

orexis, 226

Orocharis, saltator, 58

Orthoptera, 16, 150, 153, 178

Orysside, 26, 28, 30, 33. 34. 30I,
302

Oryssus, 30, 31

Osmia, 82, 99, 165, 195 ; inermis,
98

Ottramare, J. H., 235

oviposition, 32, 51-53, 89

Ozxysoma oberthiiri, 254

Pachyvcentris, 82

Pachycondyla, 205,233 ; crassinoda,
158 ; montezumia, 254

Pachymelus, 99

Pachysima, 267;
latifrons, 234

Packard, A. S., 2351

Pack-Beresford, D. R.,

P=dalgus, 159, 174, 233

padogenesis, 161, 172

Palzobethylus, 58

Paleodictvoptera, 146

Palzodictyopteroid, 27

Paltothvreus :arsatus, 158

Pamphiliide, 30, 47

Panwsthia, 148

Panesthine, 147

Paniscomima erlangeriana, 58

Panorpate, 28, 29

Panorpoidea, 28

Pantel, J., 234

Panurgus, 82

Papilio dardanus, 219

parabiosis, 278, 280

Parachartergus apicalis, 37

Parachrvsis, 57

Paracolobopsis, 189

Paracopidosomopsis floridana, 171

Paralictus, 27f

Paralysis of prey, 52, 69

Parasitica, 35

Parasitism, 24, 35, 40, 44, 65, 163,
229, 248, 251, 263, 270, 272, 275,
296-299, 316; fatal, 35; imo-
quilinous, 35 ; permanent social,
285, 294 et seq., 298 ; protehan,

aihiops, 234
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2g1 ; social, 101, 208, 247, 273 &
seq., 295, 296 ; temporary social,
28s, 201, 292, 298

parasitoids, 35, 36, 109, 248, 249

Pareto, V., 2

Parker. G. H., 239, 240

Parker, H. L., 45

Parker, J. B., 45

parecism, 82, 210, 278, 279

Parorvssida, 28

Paroryssus extensus, 28

Parotermes, 143

parthenogenesis, 31, 32, 91, 93, 100,
162 ; ampherotocous, 32, g2, 162 ;
arrhenotocous, 32, 162, 163
thelvtocous, 32, 92, 162, 163

Passalus, 15, 159, 160

Passalida, 300

patrimony, alimentary,
cantonal, 227

Patten, W, 178

Patterson, J, T., 171

Pausside, 118, 261, 262, 269

Pear}, R., 14

Pelecinoidea, 26

Pelecinus, 26

Pemphredoninz, &

Pérez, C., 169, 311

Pérez, De S., 49

Pérez, J., 1, 90. 275

Perga, 16

Perilampide, 38, 44. 46

Perilampus, 39, 43 ; chrysope, 40,
41 . hvalinus, 39-41

Pericermnus, 59

Perkins, R. C. L., 64, 67, 275

Permian. 28, 126, 143, 300, 301

Permochorista, 28

Permohvmea < hucherti, 29

Peyophora sanguinolenia, 189

Perris, E. 64

Petioliventres, 26

Petrucci. R.. 11

de Peverimbhof, P., 162, 170

Pézard, 198

Pezomachus favocinctus, 51

Pheidole, 43, 166, 174, 187, 203, 227,
235, 242, 260, 2035, 312 ;. absurda,
204, 206 ; colobopsis, 18q . com-
mutata, 204, 206 ; instabtits, 38,
203 : lamia, 173, m gacephala,
310-321;  »allidula, 205, 221
militicida, 225 ; symbiotica, 205

Pheidologeton, 118, 174, 187, 203,
235 diversus, 256

Philanthina, So

Philanthus, 4, 32

Phileremulus, 77

227 ;

|
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Philippi, R. A., 110
Philipps, E. F., 252
Philotrypesis, 51, 170; ervthraa,
171; wminwia, 171; wunispinosa

var. ormata, 171

Phorida, 2350, 253

photophobia, 300

phragmosis, 190

Phrenapates, 15, 159, 300

phthisodinergates, 204

phthisogvnes, 204

phylogeny, 20, 21, 212, 268, 269,
271 ; of ants, 107; of Campo-
notini, etc., 124

Phyilodromia germanica, 153

Phyracaces, 283, 284

Phvsocrema, 112

physogastry, 265-268

Phytophaga, 26-31; 33, 34, 47. 50,
54, 79, 162, 301, 302

Picard, F., 36, 50, 51, 53, 61, 164,
247

Pieris rape, 53

Picron, H., 298

Pietschker, H., 176-178

Pison, So

Pissodes strobi, 62

places vides, 247

Plagiolepis, 166

planidium larva, 39-43. 45, 47. 203

von Planta, A, 198

Plath, O. E., 221, 276, 277

Platvarthrus hofimannseggs, 253

Platvgastrida, 45

Platvpodide, 4, 189, 300

pleometrosis, 100, 110, 298

pleomorphism, 24

plerergates, 166, 311

plesiobiosis, 210, 278, 279

Plearopterus, 118

Pleurotropis, 164

Plumanide. 109, 110, 112, 121

Plumarius, 110, I1.

Piusia gamma, 52

Pocock, R. J., 10

Podilegid®, 83

Podomvrma femorata, 320

Podurans, 253

peecilandry, 162, 170, 171, 221

Paciloz voa convictrix, 9

peecilogony. 162, 171

peecilogyvny, 162, 170-173, 221

Pogonomyrmex, 123, 202, 279

Poisson. R., 170

Polistes, 15, 67, 73, 74, 101, 233,
240 ; canadensis, 37,; wmelrica,
233

Polistine, 15, 73, 75, 166, 224
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Polistomorpha, 250

Polybia, 71, 73, 101, 250 ; ara, 71 ;
occidentalis, 67; pygmea, 255;
vicing, 250

Polybiin=, 71, 72, 75, 166, 169, 224

Polychrosis botrana, 53

polvembryony, 36, 65

Polyvergus, 174, 285-288, 291, 299 ;
samurai, 287

polygamy, 100

polygyny, 100-103

polymorphism, 24, 46, 50, 51, 62,
100, 118, 135, 160, 161 ¢t seq., 308

Polynoe, 178

Polyrhachis, 1235, 126, 159 ; bicolor,
253 {Myrmhopla) dives, 42

Polyspincta, 7, 30, 52

Poly:zosteria nove-seelandice, 143

Pompilidz, 36, 52, 56, 65, 108, 109

Pompilus acuwleatus, 274 ; campes-
tris, 274 ; pectinipes, 264

Ponera, 169 ; eduardi, 172 ; hender-
soni, 116

Ponerinz, 13, 87, 105-108, 119, 123,
137, 158, 168, 169, 173, 202, 203,
233, 263, 310, 312, 318

Pope, A., 13

Popenoe, C. H., 61

Popillia japonica, 46

Popotf, N., 188

Popovici-Baznosanu, A., 195

Porotermes, 146

Poulton, E. B., 219

Prays oleellus, 51

predatism, 35, 36, 200, 247, 249, 261,
277, 284, 237, 298

predeterminism, 191

Prenolepis, 166

Prestuichia aqualica, 48

Pricer, J. L., 203, 220

Prionomyrmex, 117

Pristocera, 57, 59 ; armifera, 60

Proctotrvpida, 57, 61

Prelectrotermes, 142

professions, 187, 309

Proponerin®, 107, 108

Prosetomiiichia myrmecophila, 258

Pro:ena siberita, 46

Prosopis, 79

Protermes, 136

Protermitidz, 136

Protoblattoidea, 27, 29, 137, 143,
146, 157, 160, 223, 300, 301

Protobombus, 8o, 97

Protolermaptera, 29

Protod:.nata, 29 <

Protoh. men permianus, 29

Protochymenoptera, 29, 30t

|
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Protolimulus, 179

Protozoa, 139, 156, 157, 213, 236,
265, 296, 300

Provespa, 74

provisioning, mass, 69, 89; pro-
gressive, 69, 89

Psenvthia, 77

pseudochrysalis, 46

Pseudococcus brevipes, 17

Pseudocolobopsis, 189

Pseudogomnalos hahni, 38, 44

pseudogvunes, 155, 207, 208, 270

Pseudolasius, 118

Pseudomasaris, 67, 81

Pseudomyrma, 123 cruciams, 17;

eleganms, 12, maligna, 17

Pseudomvrminz, 105, 106, 123, 168,
173, 200, 201, 234, 263

pseudoparasitism, 35

pseudopodion, 87

Pseudosirex, 27

Pseudotrichonympha pristina, 139

Psilogaster fasctiventris, 42

Psithytus, 97, 276, 277,
laboriosus, 276, 277

Pterodontia flavipes, 45

Pteromalus puparum, 53

Pterombine, 109

Ptervgogenea, 2t

Ptilocerus, 261 ; ochkraceus, 256

Ptochomyia, 266, 267

Pyrsonympha, 157

294 ;

quasisocial insects, 13
Quedius dilatatus, 250

Rabaud, E., 4, 5. 52, 247

Raines, M.A., 296, 297

vom Rath, O., 241

Rau, P., g0

de Réaumur, R. A. F., 1, 24, 238.
231

Reeves, G. J., 50

Reichensperger, A., 230, 249

Reanie, J., 252

Reticulitermes, 142 ; Havipes, 142,
157, 182, 183; lucifugus, 132,
184, 224

Reuter, O. M., 35

Revnolds, E., 195

Rbinopsis, 58

Rhbinotermes, 180, 181, 186 ; lasrus.
133

Rhinotermitide, 136, 156

Rhipiphoride, 45, 249

Rhizotrogus, 45

Rhogmus. 139

Rhopalomastix, 106
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Rhopalosoma, 59 ; poeyi, 58

Rhopalosomatid®, 27, 52, 58, 59,
109

Rhynchopsilopa apicalis, 258

Rhyvtidoponera, 173

Ribot, T. A., 304

Richardson, C. H., 45

Rickert, H., 20

Rilev, C. V., 35, 38, 45

Robertson, C., 276

Robson, C., 274

Rocher, 274

Reéhler, 241

Rohwer, S. A., 26, 31, 55, 56, 58,
110

Root, F. M., 35

Ropalidia, 15, 73

Ropalidiin, 15, 73, 166

Rosa. 34

von Rosen, K., 141, 142, 217, 310

Roubaud, E., 53, 69, 71, 73, 79-81,
101, 102, 132, 167, 233, 234, 249,
250

Rousseau, E., 48

Rousseau, J. J., 13

roval jellvy, 197, 198

Raschkamp, F., 203

rumination, social, 158

Salfeld, H., 20

Salganea, 148

Salt, G., 249

Sandias, A., 140

Santschi. F., 104. 231, 293-295

Sapyga quinguepunctaia, 110;
similis, 10

Sapvgidz, 30, 50, 59, 109, 110, 121

Sarcophaga, 40

Sarcophagid, 40

Sauley. F., 241

Saunders, 53

de Saussure, H., 67, 69

Scarabzida, 15

scavenger, 248, 249, 251

SL‘(.’I:"}!’ o comentarium, 110
shrifex, 67

Schartt, R. F., 127

Schaxel. J., 20, 21

Schiemenz, P., 198

Schimmer, F., 254, 268

Schiedte, J. C., 267

Schizaspidia, 44; polyrhachicida,
420 ICNUICOTNIS, 42, 33

Schizonotus sieboldii, 52

Schmiedeknecht, O., 36

Schonfeld, P., 198

Schrottky, C., 83

Schuchert, C., 127, 128
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Schulz, W. A., 37, 38, 48, 83

Schwarz, E. A., 10

Scleroderma, 15, 61, 65, 66, 113,
3jor; immigrans, 62, macvo-
gaster, 62-64.

Sclerogibbid, 57

Scolia, 36

Scoliide, 57, §8, 65, 66, 109, 112,
121, 122, 301

Scoliinz, 109

Scolvtidaz, 4, 300

Scotocryptus, 251

Scott, H., 46

Scudder, A. H., 116

secretion of wax, 96

selection, amical, 226, 271, 299,
natural, 222

Sellars, R. W_, 24

semipupa, 203

Semichon, L., 8, 90

Seminota depressa, 37 ; meficana, 37

Semon, R., 225

sensille, 240

Sericomyrmex, 201 ; amabuiis, 282,
233

Sessiliventres, 26

sex-determination, 162

Sharp, D., 58, 189

Shelford, V. E., 45

Sichel, J., 27

Sieber, N., 239

von Siebold, C. T. E., 31, 48, 169,
219, 251

Sierola, 61 )

Sierolomorpha, 58 ambigua, 111

Silvanid®, 15, 16, 13

Silvestri, F., 46, 5I-53. IoI, 137,
133, 149, 150, 171, 197, 214, 249,
267, 272

Simon, E., 7, 9, 10

Siphonophcres, 307

Siricude, 27, 29, 30

Sjostedt, Y., 136

Sladen, F. W. L., 242,

slavery, 284, 285, 2
degenerate, 208 : nocturnal, 2
obligatory, 288 ; temporary, 2

smell, 240 e seq., 244

Smith. F., 32, 58, o0, 91, 104, 275.
2760

Smith, H. S., 39-41, 43

Smith, J. B.. 90

Smulvan, M. T., 41

Smuts, J. C., 24

Sno .grass, R. E., 241

Sonvier, T. E., 135, 130, 140. I4L.
140, 182, 183, 186, 214

social medium, 167, 223 se seq.
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societies, human, 304 ef seq.

soldiers, of ants, 216 ; of termites,
179, 180

Solenopsis, 103, 174, 216 ; geminala,
200, 216 ; s@vissima, 216, 253 ;
richievi, 260

von Sommern, 219

Sophrobombus, 8o, 97

Spathiinz, 33

Spencer, H., 274, 304, 305

Spengler, O., 314, 317

Spharularia bombi, 251

Spheciformia, 56

Sphecid®, 58, 65, 77-82, 108, 109,
113

Sphecin®, 16, 79, 8o

Sphecodes, 77, 79, 92, 275, 276 ;
subquadratus, 275

Sphecoidea, 56, 58, 77, 130, 131, 301,

302

Sphecophila  polybiarium, 255
termitium, 255

sphecophiles, 247, 249, 250

Sphegids, 81

Sphinctomyrmex, 112

Spiders, social, 6

Spinola, M., 275

Spinoliella, 82

Spirachtha, 234 ; eurymedusa, 267;
mivabilis, 267

spirit of the hive, 24

Springer, F., 171, 172

Stager, R., 281, 282

Starcke, A., 314-316

Staphylinida, 46, 206, 250, 252,
2006, 267, 269

Steenstrup, J. J. S., 169

Stegodyphus, 10

Stenogaster, 15 ; varipicus, 71

Stenogastrine, 15, 71, 75, 166

Stephanide, 33, 48

Stephaniscinaz, 33

sterility, 168, 195, 146, 316

Stizus, 82 ; umicincius, 274

Stockhert, E., 79, go-95, 102, 165,
166, 169, 293

Strepsiptera, 45, 249

Strickland, E. H., 51

Strongylognathus, 174, 285, 288,
298, 299 ; alpinus, 288 ; huberi,
288 ; rehbinderi, 288 ; testaceus,
288

Stumper, R., 210, 281

Sturtevant, A. H., 289, 290

Sturtevant, A. P., 195, 198

subaptery, 171, 267, 272 .

sublimation, 316

subsocial insects, 13, 99, 300

INDEX

superentelechy, 24

Surcouf, F., 256

Sycosoter lavagnes, 50, 51

symbionts, 157, 213

symbiosis, 296, 297

Symmyrmica, 170
281

Sympheidole, z94

symphiles, 208, 248, 261-263, 263,
268, 269-271, 278, 280, 292, 269

symphiloids, 261

symphotium, 4

Syvmphyta, 26, 30, 81

Synagris, 4, 15, 69, 75 ; calida, 69 ;
spiniventris, 69

synechthrans, 247, 248, 252, 255,
263, 265, 278, 298

synceketes, 248, 253, 255, 261, 263,
265, 278

Syntermes, 180

Swammerdam, ]., 180, 238

swarming, 72, 73

Swenk, M. H., 40

Swezey, O. H., 62, 64

chamberling,

Tachigalia, 18 ; panictdata, 17

Tachinide, 45, 234, 251

Taniochorista, 28

Tanzmyrmex, 125

Tanner, J. E., 165, 201

Tanquaryv, M., 165, 292, 293

Tapinogonalos pulchella, 38

Tapinoma, 242 ; migerrimum, 2903,
293, 296

Tarde, G., 305

Tarsonemus woodi, 252

Taschenberg, E. L., 275

taste, 240 ¢f seg., 244

Tavlor, F. B., 129

Tavlor, G. W., 38

Tavlor, L. H., 275

Telea polyphemus, 38

Tenebrionida, 15, 60, 66, 300

Tenthredo, 31

Tenthredella, 31

Tenthredinide, 16, 30-32, 47

TentyTia, 66

Teranishi, C., 45

Terebrantia, 26-28, 30, 32-36, 435,
47, 48, 50, 51, 54, 56, 58, 79, 130,
131, 162, 301, 302

Termes, 15, 141, 145, 157, 180,227 ;
bellicosus, 266 ; croadicus, 142,
evyabundus, 137 ; smcerius, 154 ;
latericius, 151, 152, 156 ; natal-
ensis, 131, 153, 154 ; Obscurus,
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VOLUMES PUBLISHED i

PHILOSOPHICAL STUDIES. Bv G. E. Moore, Litt. D., author I
of ** Principia Ethica 7, editor of * Mind ”, i
i 5 '< IH ,\I
“Students of philosnphy wﬂ.] welcome the publication »f this volume. It is
. foll £ intercst and stimulns, even to those whom it fails to convince ; and
it iz also very undogmatic.  Dr Moore is alwavs anxious 1o bring out the
argunients against those in favour of the positinns to which he inclines,
and cares to refute not persons but fals, dfn.tn 5./ —Oxjori Jlagazine.
A valualle contributi'm to contemp":rar_v philesophy."—Spectator.
THE MISUSE OF MIND : a Study of Bergson’s Attack on
Intellotuahism, By KNarin Siephen, formerly Fellow of
Newnham College, Cambridge. Preface by Henri Bergson.
6,0 wnel,
' This is a book abonut Rergsen, but it is not one of the ordinary popular
expositions. It is very shert; but it is one of those books the quality
of which is in inverse ratio to its quantity, for it focusses onr attention
on vne single prillem and succeeds in brnsing it out with masterly
clearness. The problem is the relation of fact to e(r»l"ﬂlﬂt]”n So stated

| it may sound dull ; but the miment its import is gr‘sﬂcd it is seen to i
| deal with the fun d:munta‘ difference between two rival methods in
i philosophy " —Tomes Lt sy Supfloment.

v CO'\FLLCT A\’D DRE AM. By W H. R Kiers, M.D., Liti. D,
RS, Preface by Projessor G, Eliiot Smith, F.R.S.
12 0 kel
“In his lust book Mr Arnold Bennett claims for W, H. R. Rivers a place
ameoag great men.  As traveller, healer, and experimenter Rivers Lad !
: that kird of commanding viceur that is one of the marks of genius.
' Nothing cruld be more fuscinating than to wateh him separating the cold
It frem the ailey in Frend's theory of dreams. His book is as disterent
¥ from the usual Freudian bock on the -ome subject as is a book of
; astronomy from a book of astrology.”—Rnbert Lynd.in Dm News.
; PSYCHOLOGY AND POLITICS, and Other Essavs. By 1 HO R,
Rivers, F.R.N.  Preface by Profevor G. Elliot  Swmith.
' Appreciation by €. S, Myers, FOR.S, ‘
120 el
“In all the essavs in this volume one feels the scientific :nind. the
mind that puts truth frst. Fach of the cssavsis interesting and valaable ;
perhaps the most arresting is that in which he disciisses and defends, 111
the licht of recent research, the vonception of society as an crzanism.’
— New Leader. **This v lumeis a fine me'nnna‘ of a solid and cautious
scientific worker,”’—Havel.ck Fllis in Nuas-n.
MEDICINE, MAGIC, AND RELIGION. Bv . H. R. Rivers,
F.R.s. Preface by Ireiessor . Ellivt sputh.
10/6 wel.
"It is pripcipally an attempt to 111tcrprc-t the ideas that inspired primitive
I medicine. DBiut the penctrating mind of a secker such as Rivers inevitably
; went bevond that : it is discinsure of the principles by which pnn‘nx\e
: societies lived. No more impwrtant contribution to ethnological know-
ledge has been made durmr' the past twenty years.”'—Addeipd. "Dr Rivers’
book is one long array of fascinating illustration, an" up his subject
i with the most modern forms of neurosis. a a\»ntrvhunrm of qmte excep-
! tional value to medicine and historv alike.”’—Narthern Rew:
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TRACTATUS LOGICO-PHILOSOPHICUS. By Ludwig Wittgen-

stein.  Introduction by Bertrand Russell, F.R.S.

10/6 ne;.

*“ This is a most important book containing original ideas on a large

range of topics, forming a coherent system which is of extraordinary

interest and deserves the attention of all philosophers.”’—3Xind. * Quite
as exciting as we had been led to suppose it to be. As stimulating as

Samuel Butler’'s Notebooks and nearly as important as Principia

Mathematica.”’—New Statesman.

THE MEASUREMENT OF EMOTION. Bv V. Whately Smith,
M. 4. Foreword by William Brown, M.D., D.Sc.

10/6 net.

* No theory more devastating, more materialistic in its implications, has

ever been enunciated ; it dismisses man as an automaton, and renders

survival after death inconceivable. It touches the fundamental issues
of both psychology and physiology, and the man who devises a means
of disproving it finally will render those sciences a great service.”’—

Weekiy Westminster,

SCIENTIFIC THOUGHT : a Philosophical Analysis of Some
of its Fundamental Concepts in the Light of Recent Physical
Developments.  Bv (. D. Broad, Litt.D., Lecturer in
Philosophy at Trinity College, Cambridge.

Second edition, 16/- net.

** This closely-reasoned and particularly lucid book is certain to take

a chief place in the discussions of the philosophical problem which at

the present time is of central interest-—that of the nature and import

of the new concepts of the physical nniverse. The whole book is weighty
with matter and wmarks an intellectual achievement of the highest order.

It arrests our attention—a cursory reading of it is simply impossible—and

interest is sustained from beginning to end.”—Times Literary Supplement.

PSYCHOLOGICAL TYPES : the Psychologv of Individuation.
By C.t5. Juny, author of ** The Psychology of the Unconscious.”
Translated with a Foreword by H. Godwin Baynes, M.B. .

Third edition, 25;- net.

‘ Among the psychologists who have something of value to tell us

Dr Jung holds a very high place. He is both sensitive and acute ; and so,

like a great writer, be convinces us that lie is not inadequate to the im-

mense complexity and subtlety of his material. We are conscious through-

out of a sensitiveness, a wide range ot understanding, a fair-mindedness,
which give us a real respect for the author. The man who undertakes to
discuss psychological types proposes to himself almost the most ambitious
task a man could attempt. Among modern psychologists there is no
one who seems to us more adequate than Dr Jung.”—Times Literary

Suppiement.

CHARACTER AND THE UNCONSCIOUS : a Crtical
Exposition of the Psvchology of Freud and Jung. By
J. H. van der Hoop,

10/6 net.
*“ His took is an admirable attempt to reconcile the theories of Jung
and Freud. He shows that the positions taken up by these two psycholo-
gists are not as amtag:nistic as they appear at first sicht. The book con-
tains a very adequate and simiple account of Freud's teaching in its
salient features, and his treatment of both theories is clear and sympa-
thetic,”’—New Statesman.
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THE MEANING OF MEANING : a Studv of the Influence of
Language upon Thought and of the Science of Symbolism,
By C. K. Ogden and 1. 4. Richards. Supplementary Essays
by Professor B. Malinowski and F. (5. Crookshank, 11.D.,
F.RC.P,

Second edition. 12,6 nes.
“The authors attack the problem from a more fundamental point of
view than that from which others have dealt with it, and at last some
light is thrown on the factors involved. The importance of their work
is obvious. It is a book for educationalists, ethnologists, grammarians,
logicians, and, above all, psvchologists. The book is written with
admirable clarity and a strong sense of humour, making it not only
profitable but also highly entertaining reading for anyone who wishes to
address any remark to a fellow creature with the intention of being
understood.”’—New Statesman.

SCIENTIFIC METHOD : an Inquiry into the Character and
Validity of Natural Laws. By 4. D. Ritchie, Fellow of
Trinity College, Cambridge.

10/€6 met.

* The fresh and bright style of Mr Ritchie's volume, not without a salt

of humour, makes it an interesting and pleasant book for the general

reader. Taken as a whole Scientific Methed is able, comprehensive, and, in
our opinion, right in its main argument and conclusions.’’—British

Medical Journal. ** His brilliant book.”—Daily News. )

THE PSYCHOLOGY OF REASONING. Bv Eugenio Rignano,
Professor of Philosophy in the University of Milan.

14/ net.

*“ Professor Rignano’s elaborate treatise. which completely surveys all

the chief types of reasoning, mormal and abnormal, is a valuable con-

tribution to psychelogical literature.”—IWeakly Westminster. * The
theory is that reasoning is simply imaginative experimenting. Such

a theory offers an easy explanation of error, and Professor Rignano

draws it out in a very convincing manner.”—Times Literary Supplement.

CHANCE, LOVE and LOGIC : Philosophical Essavs. By
Charles S. Peirce. Edited with an Introduction by Morris
R. Cohen, Supplementary Essay by john Dewey.

12/6 net.

“Tt is impossible to read Peirce without recogniring the presence of a

superior mind. He was something of a genius.”—F. C. S. Schiller, in

Spectator. It is about the clarification of our ideas that Mr Peirce

makes his niost interesting remarks; it is here that one sees what a

brilliant niind he had and how independently he could think.”—Nation.

SPECULATIONS : Essavs on Humanism and the Philosophy
of Art, By T. E. Hulme. Edited by Herbert Read.

Frontispiece and Foreword by Jaceb Epstein.

10/6 net.

" With its peculiar merits, this book is most unlikely to meet with the
slightest comprehension from the usual reviewer. When Hulme iwas
killed in Flanders in 1917, he was known as a brilliant talker, a brilliant
amatenr of metaphysics, and the author of two or three of the most
beuutiful short poems in the language. Irfthis volume he appears as the
forerunner of a new attitude of mind. which should be the twentieth
i century mind.”—Criterion.
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THE NATURE OF LAUGHTER. By J. C. Gregory.

100 nel.

“Mr Grecory, in this fresh and stimulating study, joins issue with all

his predecessors. In our judgment he has made a distinct advance in

the studv of laughter; and his remarks on wit, humour, and comedy,
are most discriminating. The writer’s own vivacity of styvle snits his
subject admirably.”—Jeurni1l of Education.

THE PHILOSOPHY OF MUSIC. By William Pole, F.R.S.,
Mus. Doc, Edited with an Introduction by Eduard |, Dent
and a Supplementary Essay by Dr Hamilion Hartridge.

New edition, 10/0 nel.
““ This is an excellent book and its re-issue should be welcomed by all
who take more than a superficial interest in music. Especially should it
appeal to those of a musical or scientific frame of mind who may have
pondered upon the why and the how of things musical. Dr Pole possessed
not only a wide knowledge of these matters, but also an attractive style,
and this combination has enabled him to set forth clearly and suthiciently
completely to give the general reader a fair all-round grusp of his
subject.”—Discovery.

INDIVIDUAL PSYCHOLOGY : its Theory and Practice. By
Aljred Adler. Translaton by Dr Paul Radin.

18/~ net.

““ Dr Adler is the leader of one of the more important schisms from the

original Freudian school. He makes a valuable contribution to psychologr.

His thesis is extremely simple and comprehensive : mental phenomena

when correctlv understood miay be regarded as leading up to an end

which consists in estatlishing the subject's superiority.”’—Discovery.
 Suggestive and stimulating.”—>Morming Pos!.

THE PHILOSOPHY OF ‘AS IF'. By Hans Vaihinger.
Translated by C. K. Ogden. M .A.

25/~ net.

*The most important contribution to philosophical literature in a

guarter of a century. Brielly, Vaihinger amasses evidence to prove that

reality and thought are out of kev. Reason was never an instrument,
he holds, for the understanding of life. We can arrive at theories which
work pretty well by ‘ consciously false assumptions.” We know that
these fictions in no way reflect reality, but we treat them as i/ they

did. Among such fictions are :—the average man, freedom, God, empty

space, point, matter, the atom, infinity, the absolute. All abstracts,

classifications, comparisons, general ideas, are fictions. All the sciences
snd arts depend upon fictions.” —Spectator.

THE NATURE OF INTELLIGENCE : a Biological
Interpretation of Mind. By L. L. Thurstone, Professor of
Psychology in the University of Chicago.

10/6 net.
“ Prof. Thurstone distinguishes three views of the nature of intelligence.
He names the first Academic; the second the Psvcho-analytic; the
third the Behaviourist. Against these three views, though not in
opposition to them. Prof. Thurstone expounds his thesis that conscious-
ness is unfinished action. He contends that it is not inconsistent wrth
any of the three views, while in a sense it interprets each of them. His
book is of the first importance. All who make use of mental tests will do
well to come to terms with his theory.”—Times Literary Suppicment.
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THE GROWTH OF THE MIND : an Introduction to Child
Psychologv. By Professor K. Koffka of the University of
Giessen. Translated by Professor R. M. Ogden.

Third tstression, 15/~ net.
His book is extremely interesting, and it is to be hoped that it will be
widelv read.”— Tinwcs Literary <u'v'v emient. Leomard Woslf, reviewing this
book and the following one in a \nnon Leading Article, writes : “ Every
serious student of psvchology ought to read it [ The Apes], and he shoald
supplement it by reading The Growth of the Mind, for Professor Koifka
joins up the results of K. “hler’s observations with the results of the study
of child-psychology.”

THE MENTALITY OF APES, with an Appendix on the
Psvchology of Chimpanzees. By Professor . Kochier, of
B-rhin University.

Cheapey edition, with 9 plates and 19 figures, 10/6 net.

*“ May fairly be said to mark a turning-point in the history of psychology.

The book is both in substance and form an altogether admirable piece

of work. It is of absorbing interest to the psychologist, and hardlv less

to the lavman-—especially the lover of animals. His work will always
be regarded as a classic in its kind and a model for future studies.”

—T1mes Litevary Supplement.

TELEPATHY AND CLAIRVOYANCE. By Rudoli Tischner.
Preface by E. J. Dingwall.

With 20 illustrations, 10/6 ned.

* Such investigations may now expect to receive the grave attention of
modern readers. They will find the material here CO‘IE&tEd of great value
and interest. The chief interest of the book lies in the experiments it
records, and we think that these will persuade any reader free from
violent prepocssessions that the present state of the evidence necessitates
at least an open mind regarding their possibility.”” —Times Lizerary
Suppiement.

THE PSYCHOLOGY OF RELIGIOUS MYSTICISM. By
Projessor James H. Leuba, author of © A Psychological studyv
of Religion,’ etc.

15/- net.
* The book is fascinating and stimulating even to those who do not agree
with it, and it is scholarly as well as scientific.”’— Reriew of Revicis. An

extension and development of the views outlined in James’s { ari-fies of
Relicius Experience with much new material. A section is devoted to
mystical experiences produced by drugs.

THE PSYCHOLOGY OF A MUSICAL PRODIGY. By
G. Revesz, Director of the Psychological Laboratory,
Amsterdam.

With many musical illustrations, 10/6 nel.’

* For the first time we have a scientific report on the development of a

musical genius. Instead of being dependent on the vaguely marvellous

report of adoring relatives, we enter th? more \atxat\mg atmosphere of
precise tests. That Erwin is a musical genius, nobody who reads this
book will doubt.”’—Times Lsterary Supplement.
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PRINCIPLES OF LITERARY CRITICISM. By I. A.
Richards, Lecturer at Magdalene College, Cambridge.

Second edition, 10/6 net.

‘* A mine of really suggestive ideas. It has real originality.”’— Daily News.

‘ An important contribution to the rehabilitation of English criticism—

perhaps, because of its sustained scientific nature, the most important

contribution yet made. Mr Richards begins with an account of the
present chaos of critical theories and follows with an analysis of the
fallacy in modern aesthetics. The principles enunciated are pursued with
clear zest and consequent elucidation. Parallel applications to the
arts of painting, sculpture, and music form the subject of three chapters.”’

—Criterion.

THE METAPHYSICAL FOUNDATIONS OF MODERN SCIENCE,
with special reference to Man’s Relation to Nature. By
Professor Edwin A, Burtt.

14,- nat.

‘* This book deals with a profoundly interesting subject : the uncritical

assumptions which were made by the founders of modern physics, and

through them became part of the unquestioned apparatus of orchnary

thought. The critical portion of this book 1s admirable . .

Bertrand Russell, in Nation. ‘‘ He has given us a history of the origin

and development of what was, until recently, the metaphysic generally

associated with the scientific outlook. This is what Professor Burtt
has quite admirably done.”—Times Literary Supplement.

PHYSIQUE AND CHARACTER. By E. Kreischmer.

With 31 plases,15/- nes.

** This volume of the steadily growing Library will bear comparison
with any of its predecessors in interest and importance. It gives
scientific validity to much ancient doctrine and folk-psychology. It
professes ta be merely a beginning ; but, even so, the author has estab-
lished certain conclusions beyond reasonable doubt, conclusions of great
significance and pregnant with possibilities of almost infinite extension.”
—WWeekly Westminster. * His notable work ‘on, the relation between
human form and human character.”’—Britisk Medical fournal,

THE PSYCHOLOGY OF EMOTION: Morbid and Normal
By John T. MacCurdy, M.D.

25 - nel.

¢ There are two reasons in particular for welcoming this book. First,
it is by a psychiatrist who takes general psychology seriously. Secondly,
the author presents his evidence as well as his conclusions. This is
distinctly a book which should be read by all interested in modern
psychology. Its subject is important and its author's treatment inter-
esting.”—Alanchester Guardian. ** A record of painstaking and original
work in a direction that promises to illuminate some of the fundamental
problems of psychiatry.”-—Lances.

THE PSYCHOLOGY OF TIME. By M ary Sturt, M. 4.
,/6 red.

* An interesting book, typical of the work of the younger psychologists
of to-day. The first chapter gives a clear summary of metaph_\slcal
views of time; later chapters describe practical experiments; while
the last chapter sets forth the writer’s view that time is a concept con-
structed by each individual. The clear, concise style of writing adds
greatly to the pleasure of the reader.”—Journal of Education.
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PROBLEMS OF PERSONALITY : a Volume of Essays in
honour of Morton Prince. Edited by A. 4. Roback, Ph.D.

18/- nes.

‘o I{Iere we have collected together samples of the work of a great many
of the leading thinkers on the subjects which may be expected to throw
light on the problem of Personality. Some such survey is always a tre-
mendous help in the study of any subject. Taken all together, the
book is full of interest.”—New Statesman. Contributors include
G. Elliot Smith, Bernard Hart, Emest Jones, C. S. Myers, C. G. Jung,
Pierre Janet, W. McDougall, \William Brown, T. . Mitchell, and
numerous others.

THE MIND AND ITS PLACE IN NATURE. By C. D. Broad,
Litt. D, Lecturer in Philosophy at Trinity College, Cambridge.

16/- net,
** Quite the best book that Dr Broad has yet given us, and one of the most
important contributions to phjlosophy made in recent times.”—T1imes

Literary Supplemeni. ‘ Full of accurate thought and useful distinctions

and on this ground it deserves to be read byall serious students.”'—

Bertrand Russell, in Nation. *‘ One of the most important books which

have appeared for a long time . . . a remarkable survey of the

whole field of psychology and philosophy . . . a piece of brilliant
surgery.”’—Discovery.

COLOUR-BLINDNESS : with a Comparison of different Methods
of Testing Colour-Blindness. By Mary Collins, M.A.,
Ph.D. Introduction by Dr James Drever.

With a coloured plate, 12,6 net.

“ Her book is worthy of high praise as a painstaking, honest, well-

written endeavour, based upon extensive reading and close original

investigation, to deal with colour-vision, mainly from the point of view
of the psychologist. We believe that the book will commend itself to
every one interested in the subject.”—Times Literary Supplement.

THE HISTORY OF MATERIALISM. By F. 4. Lang=.
New edition in one volume, with an introduction by
Bertrand Russell, F.R.S.

L5/- net.

“ An imniense and valuable work.”—Spectator. ‘' A monumental work,

of the highest value to all who wish to know what has been said by

advocates of Materialism, and why philosophers have in the main
remained unconvinced. Lange, while very sympathetic to materialiam
in its struggles with older systems, was himself by no means a materialist.

His book is divided into two parts, one dealing with the times before

Kant, the other with Kant and his successors.”’—From the Introduction.

PSYCHE: the Cult of Souls and the Belief in Immortality
among the Greeks. By Erwin Rohde.

25/- net.

 The production of an admirably exact and unusually readable trans-
lation of Rohde’s great book is an event on which all concerned are to be
congratulated. It is in the truest sense a classic, to which all future
scholars must turn if they would learn howgto see and describe theinward
significance of primitive cults.”’—Daily News. ‘‘ The translator and
publishers are to be congratulated on rendering this standard treatise
accessible.”’—Addelpki.
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EDUCATIONAL PSYCHOLOGY ; its Problems and Methods.
By Charles Fox, M.d., Lecturer on Education in the Uni-
versity of Cambridge.

10/5 net.

‘ A worthy addition to a series of outstanding merit. There are inter-

esting sections on heredity and on menta!l tests. The chapter on fatigue

is excellent. The bibliography is valuable.”—Lancet. ** Certainly one of
the best books of its kind.”—OQbserver. * An extremely able book, not
only useful, but original.”’—Journal of Educatios.

EMOTION AND INSANITY. By S. Thalbitzer, Chief of the
Medical Staff, Copenhagen Asylum. Preface by Projessor
H. Hoffding.

~/6 mnet.
‘* A psychological essay the material for which is provided by a study of
the manic-depressive psychosis. It is a brief attempt to explain certain
mental phenomena on a physiological basis. This explanation is based on
three well-recognized physiological laws. . . . Whatever the view taken
of this fascinatingexplanation, thereis one plea in this book which must
be whole-heartedly endorsed, that psvchiatric research should receive
much more consideration in the ciiort to determine the nature of normal
mental processes.”’—Nature.

PERSONALITY. By R. G. Gordon, M.D.,B.Sc, M RC.P Ed
10 O net.

‘“ The book is, in short,a very useful critical discussion of the most
important modern work bearing on the mind-body problem, the whole
knit together by a philosophy at least as promising as any of those now
current.”—Times Litevary Suppiemeni. ** His excellent book. He accepts
the important and attractive theory of Emergence.”’—OQbserver. ‘A
significant contribution to the study of personality.”’—British Medical
Jowrnal.

BIOLOGICAL MEMORY. By Eugenio Rignano, Professor of
Philosophy in the Universitv of Milan. Translated, with an
Introduction, by Projessor E. W. MacBride, F.R.S.

106 wnrt.

" Professor Rignano’s book may prove to have an important bearing
on the whole mechanist-vitalist controversy. He has endeavoured
to give meaning and content to the special property of * livingness ’, which
separates the organic from the inorganic world by identifving it with
unconscious memory. The author works out his thecory with great
vigour and ingenuity, and the book deserves. and should receive, the
earnest attention not onlv of students of biology, but of all interested
in the age-long problem of the nature of life.”’—Spectator.

COMPARATIVE PHILOSOPHY. By Paul Masson-Oursel.
Introduction by F. G. Crookshank, M.D., F.R.C.P.

10,6 nef.

* He is an authority on Indian and Chinese philesophy, and in this book
he develops the idea that philosophy should be studied . . . as a series
of natural events by means of a comparison of its development in various
countries and environments. After a lengthyv introduction on the
method. and a chronological ¢able, he illustrates his thesis by chapters
on the stages in the evolution of philosophic thought in general and on
comparative logic, metaphyvsics, and psyvchologv.'—Times Literary
Supplement,
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THE LANGUAGE AND THOUGHT OF THE CHILD. By Jean
Piaget, Lecturer at the University of Geneva. Preface by
Professor L. Clapareéde. .

10,0 n¢t.

“ A very interesting book. Lveryoneinterested in psychology education,
or the art of thought should read it. The rvesuits ave surprising, but
perhaps the most surprising thing which this book makes clear is how
extraordinarily little was previously known of the way in which children
think.”—XNuticnn.  © Fills a gap in the study of the subject.”’—Lancet.

CRIME AND CUSTOM IN SAVAGE SOCIETY. By B. Mali-
nowski, Professor of Anthropology in the University of
London.

Wath o piates, 5'- net.

*In this first-han1 investigation into the social structure of a primitive

community Dr Malinowski has broken new ground. 1t is probab:y no

exggeraticn tc say that tl.c book isthe most imporiant contributien to
anthropology that has appzared for many years past.  Its efiects are

Lound to be farreacking. . . . It is written by an anthropologist ior

anthropclogists ;. but it should be read by all who have to deal with

primitive peoples and by all who are interested in human nature as
manife<ted in social relationships, which is to say that it should te read
by evervone ' —Quicnk.

PSYCHOLOGY AND ETHNOLOGY. By W. H. R. Rivers, M .D.,
Liti. D., F.R.S. Preface by G. Elliot Smith, F.R.S.

15 - nst.
“ Gives us most fascinating evidence of the many-sidedness of Rivers’s
interests, and of his actual scientific methods. . . . This notice in no way
exhansts the treasures that are to be found in this volume, which really
requires long and detailed study. \Wecongratulate the editor on producing
it. Itis a worthv monument to a great man.”—Saturday Review. * Every-
thing he has written concerning anthropology is of interest to all serious
students of the subject.”—Times Literary Supplement.

THEORETICAL BIOLOGY. By J.von Uexkill.
18 - et
It is not easy to give a critical account of this important book. Partly
because of itz ambitivus scope, that of re-setting bivlogical formulations
in & new avnthesis, partly because there is an abundant use of new terms.
hirdlyv, the author’s arguments are so radically important that they
cunmot justlv be dealt with in brief compass. No one can read the book
without feeling the thrill of an unusually acute mind, « mancipated from
the biological conventionalities of our time.—J. Arthur Thomson, in
Jowinal c; Phalosophical Studics.
THOUGHT AND THE BRAIN. By Henr: Piéron, Professor at
the College de France. Translated by C. K. Ogden.
12/6 net.
A very valuable summary of recent investigations into the structure
and working of the nervous »ystem. He is prodigal of facts, but sparing
of theories. His book can be warmly recommended as giving the reader a
vivid idea of the intricacy and subtlety of the mechanism by which the
human animal co-ordinates its impressicns of the outside world. His
own clinical experience iz considerable, agd he has a wide acquaintance
with the literature of his subject. but he carries his erudition lightly.
Nearly one guarter of the bock is devoted to a learned and penetrating
:tudyv of aphasia."—Times Literary Suppleiient.
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SEX AND REPRESSION IN SAVAGE SOCIETY. By
B. Malinowski, Professor of Anthropology in the University
of London. .

* This work is a most important contribution to anthropology and

psychology, and it will be long before our text-books are brought up to the

standard which is henceforth indispensable,”’—Suturd:y Reviea. * The
welding of anthropology and psychology has never been more successfully
accomplished. The material on which his observations are founded is
derived from the Trobriand islanders in Melanesia. Dr Malinowski
devotes the earlier part of the book to a necessarily frank and detailed
description of their actual customs and beliefs.”"—Birmingham Post.

" Dr. Malinowski is announcing one important discovery after another.”’ —

Nativn.,

SOCIAL LIFE IN THE ANIMAL WORLD. By F. Alverdes,
Professor-extraord. of Zoology in the University of Halle.

10/6 net.

** Most interesting and useful. He has collected a wealth of evidence on

group psychology.”’—Manchester Guardian. ‘‘ Can legitimately be com-

pared with Kohler's Mentality of Apes.”—XNation. ' This arresting and
provocative book is devoted to a summary of the social life of animals.

The facts Lhave never before been brought before us so clearly in a single

volume, and the cumulative evidence they provide with regard to the

bases of animal psychology is most striking.”—Qutlook.

THE PSYCHOLOGY OF CHARACTER. By 4. 4. Roback, Ph.D.
21-f net.
* He gives a most complete and admirable historical survey of the study
of character, with an account of all the methods of approach and schools
of thought. Its comprehensiveness is little short of a miracle; but Dr
Roback writes clearlv and well ; his book is as interesting as it is erudite.””
—New Statesman. ' He has ransacked the psychological literature of six
modern languages, besides delving deep into the remote past. From
Theophrastus to Freud he pursues his theme. His erudition is immense,
and his book will probably remain the standard work for this generation.”
—Birmingham Post.
THE SOCIAL BASIS OF CONSCIQUSNESS : A Study in
Organic Psychology. By Trigant Burrow, M.D., Ph.D.
12/6 net.
" Amost important book. He is not merelv revolting against the schema-
tism of Freud and his pupils. He brings something of very great hcpe
for the solution of human incompatibilities. Psycho-analysis already
attacks problems of culture, religion, politics. Freud has given it a very
clever machine for proving the rest of the world wrong. But Dr Burrow's
book seems to promise a more firmly based, a wider and a more positive
outlook upon our common life.”’—XNew Statesman. ** Full of revolutionary
thought and insight.”’—Dai/v Herald.
THE EFFECTS OF MUSIC : a Series of Essays edited by
Max Schoen.
15/- net.
* The results of such studies as this confirm the observations of experience,
and enable us to hold with much greater confidence views about such
things as the durability of good music compared with bad or the increase
of pleasure vielded by experiesnce and training, which we loosely infer but
cannot test, ~— Times Literary Supplement. ** The facts marshalled are of
interest to all music-lovers, and particularly so to musicians.”’—Musical
Mirror.
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THE ANALYSIS OF MATTER. By Bertrand Russell, F.R.S.
21/~ net.
- 6{ the first importance not only for philosophers and physicists but for
the gencral reader too. The first obits three parts supplies a statement
und}nterpremtion of the doctrine of relativity and of the quantum theory.
done with his habitual uncanny lucidity {and humour', as is indeed the
rest of the book. " —unckester Guardian. * His present brilliant book
. is candid and stimulating and, for both its subject and its treatment.
one of the best that Mr Russell has given us.”'—Times Literary Supplemernt.

POLITICAL PLURALISM : a Study in Modern Political
Theory. By K. C. Hsiao.

10 6 net.

Tt is the historical development of this method of thinking «Pluralismi
that Protessor Hsiao examines in the present volume. He deals with the
whole of the literature, considers Gierke, Duguit, Krabbe, Cole, the
Webbs, and Laski, and reviews the relation of pluralistic thought to
representative government, philosophy, law, and international relations.
There is no doubt that he has a grasp of his subject and breadth of view.
He is never dull and does not attempt to gloss over the weuknesses of
pluralism as constructive political thought.”"—Yerishire Post.

THE NEUROTIC PERSONALITY. By R.G. Gordon, M.D.,
D.sc., F.RC.P.Ed.

10,5 net.

“ Until we have more knowledge than we have at present of these ‘ low-
ievel mental experiences ', and of their influence on the states we speak
of 4> health and dizease, our understanding of the neurotic personality
can but be rudimentary. Such knowledge as we have on the subject,
coupled with well-founded speculation and presented with clarity and
judgmente, is ottered to the reader in this interesting book. — Iimes
Litey try Supplement.

DIALECTIC. By Mortimer J. Adier, Lecturer in Psychology,
Columbia University.

10,6 met.

Dialectic the author defines as the kind of thinking which takes place
when human beings enter into dispute, or when they carry on in reflection
the polemical considerations of some theory. It is carefully distinguished
here from the procedure of the empirical scientist or the method of the
mathematician. It is the technique of ordinary conversation when a
conflict of opinion arises. It is also the essential form of philosophical
thought. Philosophy, the author believes, is not a syvstem and has no
special subject-matter, it is simply a method and an intellectual attitude,
the method of dialectic.

POSSIBILITY. By Scott Buchanan.

10 4 jzef,

The author, distinguishing first between the possible and the actual,
divides possibility into three classes, imaginative, scientific, and absolute
possibility. The first is the realm of fancy and tmagination expressed
it the fine arts and literature ; the second is the field of science; the
third is the subject-matter of philosophv and theolegy. These three
are distinguished from each other by andysis and illustration. Next is
given a definition of possibility and its place in our knowledge is examined.
This definition is then applied to two great historical philosophies, those
of Kant and Aristotle, where possibility ptayved a deciding role.

13,
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PROBLEMS IN PSYCHOPATHOLOGY. ByT.W . Mitchell, M. D.
g:- n€l.
The aim of this book is to examine the foundations of Medical Psychology
and to discuss some of the problems that have arisen in the course of
the development of Psychopathology. Some consideration is given
to the views of writers belonging to the pre-analytical period. but the
main part of the book is devoted to the various schools of thought which
regard some form of mental analysis as the only sure foundation for
psychopathology, and more especially to an exposition and criticism of
the theories of Freud in the light of his more recent writings.
RELIGIOUS CONVERSION : a Bio-Psychological Study. By
Sante de Sanctis, Professor of Psychology in the University
of Rome.
12.6 uct.
For many centuries the problem of Conversion has been a theme of
controversy among believers and unbelievers alike. It has remained for
Professor de Sanctis to survey the evidence and relate it to modern
psychology in a sympathetic and, at the same time, a scientific spirit.
He here considers the Causes of conversion. the multifarious Forms
which it mayv take. the Process itself, its Consequences, its Pathology,
and its Predictabilitv. Not only has he made a special study of four
modern converts to Catholicism, but the whole literature bothofmysticism
and of psychiatry 1s drawn upon for analvsis and illustration.

NEARLY READY

THE TECHNIQUE OF CONTROVERSY : Principles of Dynamic
Logic. By Boris B. Bogoslovsky.

Abow: 10 6 et
Tkis is an attempt to work out practical devices for the solution of the
concrete problems which confront us in actual evervday thinking.
The nature of dyvnamic logic, that is logic at work in thinking, is fullv
discussed and the conclusions are applied in a discussion of the problems
of education.
THE SYMBOLIC PROCESS, and its Integration in Children.
By John F. Markecy, Ph.D.
Al 100 net.
The working of man’s mind is a process little understood. Recently light
has been thrown on this obscure subject by the brilliant ‘gestalt’ theorists
and the behaviouristic explanaticns. In this volume a further advance
is made. Adeguate attention iz given, almost for the first time, to the
sociul relations involved in the symbolic process. Man is seen to differ
from the other animals rather in degree than in kind. An analysis of
sprech behaviorr is undertaken.

PLATO'S THEORY OF ETHICS: a Study of the Moral
Criterion and the Highest Good. By R. C. Lodge, Professor
of Philosophy in the University of Manitoba.

Abour 21 - neél.
This important volume draws from all the various Dialogues passages
which arc concerned with Ethics orthe Good. These passages are analvsed
compared and worked up into a coherent theory which may justly be
called Plato’s theory of Ethics. The student will find here, gathered
between the covers of a single volume, all that Plato had to say about
morals and the moral judge, psychological and objective basis of the
moral judgment and its validity, wealth, health courage, justice, private
and public spirit, mind and its value, the divine, pleasure, happiness,
immortality, doctrine of the mean, ctc.

14




f

INTERNATIONAL LIBRARY OF PSYCHOLOGY

TRE SOCIAL INSECTS: their Origin and Evolution. By
William Morton Wheeler, Ph.D.,S.D., Professor of Entomology
at Harvard ¥niversity.

With 48 plates, about 21 - net.

This volume, by a world authority on the subject. sums up our knowledge

of the social insects. It inquires what are the social insects and what it

is that makes us call them ‘ social ’. Terebrantia, aculeata, wasps. bees,
ants, and termites are discussed in a succession of chapters, showing how
they have evolved, to how great an extent they have developed, and
what are the peculiarities of their evolution. Polymorphism, the Social

Medium, Guests and Parasites of the Social Insects, are other subjects

discussed in this fascinating book.

HISTORICAL INTRODUCTION TO MODERN PSYCHOLOGY.
By Gardncr Murphy, Ph.D., Instructor in Psychology at
Columbia University,

With plates, abowt 18/- aet.

Part One of this comprehensive work is concerned with the Pre-Experi-

mental Period, the 1sth, 15th, and early 1uth centuries. Part Two takes

the story down to the age of Wundt ; Mill, Bain, Galton, Darwin, Mesmer,

Charcot, Helmholtz, and \Wundt, are all dealt with. The Third Part

examines the psyvchologists of the contemporary period. dealing with

the work of the most eminent in a series of chapters devoted to Memory,

Structure and Function. Thought Processes, Skill, Behaviourism, Child

Psvchology, Social Psychology Pavchology of Religion, Psychoanalysis,

Instinct, Measure of Intelligence, Persomality, Phys gical Psychology

etc. A supplement by H. Kliver treats of contemporary German

contributions.

1

COLOUR AND COLOUR THEORIES. By Ciristine Ladd-
Frankiin.

With col-ured plates, about 12 5 nel.

Mrs. Ladd-Franklin’s collected papers cover the whole field of colour
vision, including theories of light, night-blincdness, the retina, theory
of colour theories, colour sensations, etc. Criticism of the work of
Komnig, Parsons, Pole, Hering, and others reinforces the major polemic
against Helmholtz.

15 °
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THE LAWS OF FEELING . . by F. PAULHAN
EMOTIONS OF NORMAL PEOPLE by W. M. MARSTON
SENSE O DIRECTION IN ANIMALS &y L. RABAUD
EMOTIONAL EXPRESSION IN BIRDS . by F. B. KIRKMAN
THE PSYCHOLOGY OF INSECTS . . ty J. G. MYERS
JUDGMENT AND REASONING OF THE CHILD by J. PIAGET
REPRESENTATION IN THE CHILD . by J. PIAGET
STATISTICAL METHOD IN ECONOMICS . &y P. S. FLORENCE
COLOUR-HARMONY . . . by JaMES WOOD
THE THEORY OF HE\RI\G . by H. HARTRIDGE, D.Sc.
THE HUMAN VOICE . . by SIR RICHARD PAGET
SUPERNORMAL PHYSICAL PHENOMENA by E. J. DINGWALL
GESTALT . . by K. KOFFKA
INTEGRATIVE ACTION OF THE \II\D by E. MII LER, M.D.
THE FOUNDATIONS OF MATHEMATICS . by F. P, RAMSEY
TIME IN SCIENTIFIC THOUGHT by L. WHYTE
PLATO’S THEORY OF KNOWLEDGE by F. CORNFORD
PARADOXES OF RATIONALISM . by L. 1S ROUGIER

THEORY OF MEDICAL DIAGNOSIS 5y F. G. CROC SHANK, M.D.
LANGUAGE AS SYMBOL AND AS EXPRESSION by E. SAPIR

PSYCHOLOGY OF KINSHIP . by B. MALINQOWSKI, D.Sc.
SOCIAL BIOLOtGY . . . by M. GINSBF®/ D.Lit.
THE PHILOSOPHY OF LAW | . by A. L .OUDHART
PSYCHOLOGY OF MUSICAL GENIUS . b5y G. REVESZ
MODERN THEORIES OF PERCEPTION | by W. J. H. SPROTT
THE BEHAVIOURIST MOVEMENT . . by A. A, ROBACK

SCOPE AND VALUE OF ECONOMICS b5y BARBARA WOOTTON
MATHEMATICS FOR PHILOSOPHERS &y G. H. HARDY, F.RS.
PHILOSOPHY OF THE UNCONSCIOUS by E. VON HARTMANN
THE P3YCHOLOGY OF MYTHS by G. ELLIOT SMITH, F.R.S.
THE P3YCHOLOGY OF MUSIC . by EDWARD J. DENT
PSYCHOLOGY OF PRIMITIVE PEOPLES by B. MALINOWSKI, D.Sc.
DEVELOPMENT OF CHINESE THOUGHT . by HU SHIH
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