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PREFACE 

THE twelve lectures which make up the present volume 
were deli\'ered during the spring of 1925 at the l'niwrsity 
of Paris while I wa,; occup~'ing a Harvard exchange 
prokssorship est a blisht"d b~" :\Ir. James Haz):'n H ~·de. 
and were published by Gaston Doin & Co., during the 
summer of 1926 und"r tht' title .. Le" Societe,; d'In"t"ctL"<;, 
leur Origine, leur Eyolution" in tht, "Encydopbhe 
Sci(·ntifique," edited by Professor M. Caulkry. The 
follo\\ing year the prix DoHtus was conferred on the 
work by the So(ide Entomologiqut> dt' France. In pre­
paring thi" English edition I haw rdained the original 
lecture form. but ;;{'wra! pa_-.sag(·s, whidl had to be 
omittt·d in order to bring the yoIum.· \\;thin tht' require­
ments of the French publi;;hn. have bt.·(·n resto[t'd to the 
text, a number of t~p:)graph.ical and other ('["rors ha\'c 
been correctcd and a :--mall amount of nt·\\' material has 
bt.·cn added. I hav(' abo int HH..lured s('wral J1t'W 111u,,­
trations and haw omitted a few of tho;;e in the Fren,-h 
edition. In it;; present form the work ha_" b.Tn brought 
up t() date so far as this was po""ible "ithout undllly 
expanding the text and the hihli0gnpl1\'. 

I am grt'arly indt'htt·d to Proh·,;.sor Caullen' for the 
care and labour hI dl'Yott'd to ;;t'('ing th .. French t,ditwn 
through tht' pr,,,s. For t\'ping tht' Engli"h ma.nu~ :ipt 
my thank;; art dUt, to ~fi;;" Julia (. Fnky and ~h .. " Francp~ 
R. Rust. ~Irs, Frann n3 T.lylor ha_" g1\','n me much 
aid in rn;:,ing the m.lnu-.cnpt and the rci,'renct's to the 
bibliography and illuqra.tions. 

FOREST HILLS. 

Boston, :\lass. 
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INSECT SOCIETIES 

I 

THE SCOPE A~D }IEA~ING OF THE 

SOCIAL AlIONG THE INSECTS 

THE evolution of the social insects was selected as the 
topic of this course of It-ctures 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 young biologi"ts of a 
country which has produced a Reaumur, a Latreille, a 
Lt'pelletier de St. Fargeau. a Dufour, a Fabre, a Perez, a 
Ferton, a Paul )Iarc hal , and a Bouvier, not to mention 
a host of other brilliant hymenopterists. Third, ha\ing 
myself devoted more than a quarter of a century to the 
study of a single family of the social in~ects, \\ith ample 
opportunities for traw-l, and as the recipient of much aid 
from enthusiastic entomologi~t~ 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 your consideration. 
Fourth. it occurred to mt' that you could not be expected 
to be familiar with all the work that has br-en accom­
pli~hed by my countrymen in entomology, and that by 
briefly prest'nting as much of it as it pertinent to my 
subject. I might be furthering to a slight degree that 
intellectual entente cord I ale . which we art: so desirous of 
maintaining between France and the Cnited States. 
Fifth. I belif've that th(' study of th(' social inst'Cts has, 
at the pn'st'nt timf', a peculiar interest to the serious 
student of philosophy. sociol0gy. and animal bf'ha\;clur. 
Since we ourselves arf' sCKial animals-I had almost said 
social insects-the philosophically inclined cannot fail 



2 THE SOCIAL INSECTS 

to find food for thought in the strange analogies to human 
society, which continually rewal themselves among the 
wasps, bees, ants and termites, and the beha\iourist v.i1J 
note that they suggest a bewildering array of fascinatin~ 
facts and problems. Moreover, the wry elaborate social 
beha\iour of the insects, in that it is almost exclusiwly 
determined by the reflexes, tropisms, and the so-called 
instincts and not by intelligence, assumes great theo­
retical signmcance, when we contemplate the present 
anti-intellectualistic and relati\istic tendencies and 
currents of European and American thought. \Ve are 
beginning to see that our social as well as our indi\idual 
behaviour is determined by a great background of 
irrational, subconscious, physiological processes. Any 
doubts in regard to the existence of this substratum \\ill 
be dispelled by a perusal of Part'to's .. Treatise of General 
Sociology" (1917), the first volume of which is de\'oted 
to these" residues" which condition our social acti\ities. 

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 Ins{'cts." In that 
work I endeavoured to stress the fundamental role of 
nutrition in the development of the various insect 
societies, but in the present lectures I v.ish to trc'at the 
insect societies in a different and somewhat more technical 
manner, and to dwdl on certain matters which were 
merely suggested in my formrr course. 

Before descending wry far into details, I feel that I 
ought to attempt at least partial answcrs 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 an' the peculiarities of this evolution, 
and to what m~,thods must we resort for their 
ducidation ? 

(4) To what gem'ra! causes or conditions may we 
assign this evolution? 



INSECT SOCIETIES 3 

\Vhat are the social insects? The words .. socia~ or 
" associative" are, of course, rather vague, and tinged 
with anthropomorphism. Their "agueness i" due to the 
extraordinary multiplicity and Protean character of the 
phenomena, (','en among the insects, not to mention the 
various classes of Yertebrates. These phenomena range 
all the way from a feeble gregariousness or collecti\ity 
or the mere temporary union of the sexes to perm<Ulent 
and highly intt'grated societit·s 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. I can only record my belief 
that in the discussion of matters psychological-and the 
phenomena in question are in part ps~'chol(lgical-we can 
scarcdy avoid a certain amount of anthropomorphism 
or tdeology. 

Reo:ntly De('gt'ner (1918) has made a bold and rather 
unsatisfactory attempt. in a tome of 420 pages, to classify 
and dt':'-cribe all the various forms of a~:,-ociation in the 
animal kingdom. H(' di~tingui:;;h('s some ninety-two 
different cakgories, fifty-three of which are rtpresented 
amon~ the in~L'cls. They are all supplied \\;th Scit'nlmc 
names. mo,.;tl~' of Gn·ek dt·riv;ltion, ~ome of which, like 
., ht'tcrosymphagnpa:dium ", ,. amphoterosvnhesmium ", 
and .. hdcrosyn, pikium ", haw a truly Gt'rmanic 
pond(·ro~ity. The ninety-two different categories are 
dividt'd int') two group:,. accidrntal societie~ or associa­
tions, in which the congregation of the organi<.ms has 
no intrinsic value, i.e,. Slrn's no us('ful purpose for the 
individual, and es:'-ential socit"ties or associations, in 
which the congrega t ion has an intrinsic value or ~ub­
serns in part au .. , flll purPO'f'. Each of these leading 
categorit's i" ::;ubdl\'ided according as the as .. ociation 
compris('s indi\'iduab of the ::;arnc or of different spt'cies. 
The finali"tic Pn'lIopil4m d,,'ISi01!lS of the main groups 
is "cry dubinus. to sa~' the It'ast. since e\'t"n the most 
highly intt·grat,d animal a~~o(iations arc fnqucnth' 
confronted with situations in which membership in the 

• 
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society inevitably involves the destruction of the 
indhidual. And apart from the fact that the same 
animal (e.g .. the sexton-beetle, Necrophorus) is cited 
by Deegener as belonging tI:> 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 forms adopted by Alverdes 
(I925) 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 fac4;lrs 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 orientation 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. 1 

I Rabaud (1927) has rather captiously CritlClZed Bouvier 1(926) anrt 
myself on the basis of some observations on males of Halictus ano on 
general principles. Since he adopts a strenuously phj"Si0lo~cal \;ew 
ot biolng}' and seems to be unable to accord any value to the hlstorical, 
or phylogenetic aspect of the science, discussion of his general position 
would be unprofitable. So far as his observations are conct'rTIed, it is 
difficult to ~ee that he has arMed am-tl"-.ing (If importance to what has 
long been known in regard to a gre;n man\' insects that form a;;:gr("~a· 
hons, oras.sociation<;, such a5 the Ipid, or Scol}-tid and Plal vpodid beetles, 
hi~E"rnatin.; Coccinellids an<i man\" solitarv .\culeatb whIch mi'.lce 
their indi"dual nests in close proximitv to on ... another (Pemhix, 
Phllanthus, SYn:J.gris, .\ndrena. ete.". At the same hour and eSp<'cially 
in the evening'i of ,e,Oer? I CO:1"PCU ti ve oa \""S he ob<;eryed males of H.lliclus 
lat,pes and nigricoTnis congrpgate<i in compact clusters on a few dry 
gras, stems in two localitIes, anr' conclLl,je~ from seyeral experiment' 
that the insect; were attracted to these particular sP'w, a.s if they were 
nestmg sites. He belie\"e~, however, that t!le imtial attraction wa! 
due to interinclividual stimuh and \,a5 not therefore merely greg-ario,",'. 
or a';.~ociationaJ, but social. I have m\"Self seen Yen' .~milar Gailv 
agglomerations of males of our Xorth American Cltlof'aiiclus aJbipnt"u 
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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 largely 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 properly require an explanation 
of the solitary 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 biocrenoses, 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 biocrenose. 

The truth of the foregoing statement was so long ago 
and so admirably expres5cd by Espinas in the introduc­
tion to his .. Des Societes Animales" (1877) that I 
cannot refrain from quoting the JX'rtinent passage: 
.. ~o living being is solitary. Animals, especially, 
sustain multiple relations with the organisms of their 
emironment, and \\;thout 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 momt'nt, an intimate union \\;th 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 corvm~ of A':~~ (Crvnr1w3a. but have attributt"d It to 
an impregnat:on 0: tile flowers with ;)oiours, left eIther bv nrgin females 
which had prenou"y vi~lted them, or b\' tl\ .. males ,,!tcr the\' La<t ,)nee 
congrt'gated on the spot. These pos'i,hl:tles are not con'ii.~ere.t by 
R.lbaud, Furthermore, <is ..... 1 bt- stown ill the fourth kcture many 
sp,:cies of Ha!ictu5 are r{', .. Ii\' s. x 1 ... 1 bt-es, so that Rahaud is :-lot 
dealing with a s1mple or m,''-plent teniency to s,x1al hfe. Fmally 
Bouv1er and I ~\ere nl)t (onurne.i 'nth tl." nnl\'cr"al phenomena of 
the s(K1al in Its bm;,,!l'st 5"nse, but ",th the trL" ,:,'"et'': societies of 
insecti;, and Rahaud seem" h) l)\ crlook th" fa.'t that th, se S<XI('t1es 
h.1"(" a ,Iehnrte ont')"en\' tr.lCeabit' to delimte phY51Oh)g1(al relatlOfllI 
between parent and offspnng, 

• 
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among the lowly beings which, before separating from 
the parental organism, remain for some time attached 
to it and incorporated wlth 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 believe we are in a position to 
prove this statement abundantly in the present work­
a normal, constant, unh-ersal 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 "ill 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 study them in the tropics, we find that 
many of the species are decidedly gregarious or vaguc'ly 
social. Recently, in Panama, Mr. ~athan Banks and 
I were impressed by the habits of sewral of thest' 
arachnids. Or,e of the largest and commonest of thl' 
orb-weaving spiders, Xcphilla pIl/miPes, during tht· 
wet season, regularly builds its wcbs in such a fashion 
that those belonging to different females run together 
so that huge and elaborate structures are somdimes 
formed. One compound \wb. which we obscrved among 
the trees on the summit of Aneon Hill near tht' City of 
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Panama, was fully twenty feet broad and more than 
twenty-five feet high. In it were suspended at least 
200 female and nearly as many male KephilJ.re, besides 
a considerable number of Argyrodes nePhillcz, a small 
parasitic Theridiid spider which lives only in the webs 
of ~ephilla. \Ve also encountered several species of 
Theridion and Uloborus which unite their webs 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 ag .. s moved 
about freely and in all probability fed in common on 
at least the larger prt:y. ~Iany of these spiders bore 
on their abdomens the larvre of a parasitic Hymenopteron 
(probably Polnphincta). 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 ~abid 
bug (Arachnocoris albomac14lai14s Scott) resting or moving 
about in the \wbs of Cloborus and Tht-ridion and 
apparently feeding on the prey abandoned by the spiders 
(see Myers (1925)). On two occasions we obserwd 
dozens of small Cecidomyid flies resting peacefull.\· on 
the webs of ::\t'philla and Cloborus. \\1wn the webs 
were shaken, the tiny insects fit-w off only to return at 
once to their former station. 

In 1891, Simon made similar observations on the 
social habits of spiders in YeneZuela and cites numerous 
example" in other tropical countries. He JS1ws an 
excellent account of E pelra bandf'li(n', A n.cWsimus 
sociaJis and Cloborus republlcam4s. On ordinary occasions 
E. bandelieri is solitary, but when the egg-laying season 
approaches several females congregate and tog( ther 
construct a large elliptical capsule in which they conceal 
themselves and make their cgg-cocoons. A. socaalis 
liyes in colonil'=, of several thou~and indiyiduals which 
construct a common web. "The spiders walk about 
on it freely, mt'd one another and exchange greetings 
with their palpi, as ants do with their antcnnre, and 
sometimes d{TOUr the more voluminous pieces of prey 

• 
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in common." The association of U. repr4blicanus is 
.. 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 v.ith rather dense meshes on which numerous 
individuals of both sexes, but mostly males, are statior,~d. 
This web is suspended by long threads, radiating b 
all directions and attached to surrounding objects. In 
the intervals of these stout strands, other Clobori 
weave orbicular webs v.ith radii and circles, and inhabited 
only by single individuals. )Iating 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, 
ha'\'ing 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 (r9I8), "Semichon (1909) has 
observed the same fraternal sharing (of the prey as in 
U. reprcblicanlts) in a )lexican social spider, Camothele 
gregalis, brought to the :\Iuseum in Paris by Leon Diguet 
(r909a, 1909b). In order to capture insects, this species 
constructs on the trees great concentric webs consisting 
of carded strands. Thousands of individuaL.:; live in 
harmony in this immense alveolar sac and never leave it, 
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 )lexico. One of 
them, exhibited in the galleries of the )Iuseum, is several 
meters long". Diguet has the following notes on two 
interesting commensals which he found living in these 
nests of 0:l!nothele. "In all the internal portions of the 
nest very great numbPrs of a Latridiid of the genus 
llelanophthalma are found living as commensals. The 
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role assumed by this minute beetle seems to be the 
cleaning of the nest, i.e., 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 li,,-ing 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 cont'ictr;x Simon. 

In 1926. I published some notes on a couple of social 
spiders. Cyrtophora citricola and ..trgyrodes a'gyrodes, 
which I observed in the Canary Islands (T eneriffe, Palma 
and Gran Canaria). There is much the same relation 
between these two species as between the Panamanian 
.N ephilla plumipes and A rgyrodes nephilla! mentioned 
above. The webs constructed by the Cyrtophora are 
sl'read over trees and shrubs and are sometimes of 
great dimensions. At Puerto de la Lux 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 mf'shes, at the size of those of 
mosquito netting, but consisting of exceedingly delIcate, 
whitish silk. The C}Ttophoras rest on the lower, com-ex 
surfaces of these webs. Individual" 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 
(15 mm. long), which are gray, with large, paired, silver 
spots on the dorsal surface of the abdomf'n, are usually 
few in number. The egg-(:ocoons are t'lliptical. 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 Cyrtophoras 
(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 Arg}Todes 
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 (I<)06) 
who reviewed the various forms of societies among the 
vertebrates and pointed to their polyphyletic derivation, 

I Interesting accounts of the habits of the social !"piders of the genus 
Stegodyphus. repres(nted I,y s(:Yeral ~pecies in 5,:,ut1 Ainca and 
India are gin'n by Simon 'IS02'5', Distant :I8(,~\, :\'ar,hall (ISQ~", 
Pocock (1903; and Jamt,unathaD (190:-'. 'Yalsmgham (19°3). ~lar5hall 
and Pocock also describe a JX'culiar Tineid rnnth :i'a:1.1:hrd,a 
,t~;:a:JyphJhu,) "hlCh liws in all its stages in th(' '\;e1,,, of thcs{' 'rider'5. 
Mr. ] _ E. Frnerton informs me that ,orne of our ::'\('w Eoo;-Ianrl ,pd"rs 
may l>uiL~ closely continuous \veb." (' .g. I;i:tJ'1za tnu '-,11 j a an,} .4 »,au,- 1-;' %ts 

jerox. and that he has 5('(,D more than a hundred sma!1 ml"f!fs n~ting 
peacefully on the web of I:77ythia t>,arp"a:.l. 1,«({ r:th- Prof. C. T. 
Erue, has ma'le some Ob'ffYatjr,ns on 1::.' b '"!IS ntuL;:,-a'lIIs which is 
common near the Har,-ar! Trnpiu.l LaLoratory, at Soledad, Cuba. 
Sae elso Schwarz (1<)04) and Banks (1904). 
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when he savs: .. There is no inheritance in the social 
activities of animals, except a tendency 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 Metaphyta and even to atomic equilibria and mole~ 
cular associations in the inorganic world. But the 
conception, though not de\'oid of interesting philosophical 
implications, thus becomes very \·ague. I should 1?rder 
for the purpose of making the matH-r more conCrt:tc 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 employed by the 
French thinker Fouillee and the British and American 
psychologists Drever (1917). Craig (1918) and Thurstone 
(1924). It thus takes its place \\;th the oth('r appetitions 
like hunger and sex, though it is feebler, more continuous, 
i.e., less spasmodic and, therefore, less ob\;ous. It is 
most strikingl~' displayed, howeyer, in the restless 
beha\·iour of the higher social animal when isolated 
from the continuous, customary stimuli of its kind! 

That this social appetition is clearly and wry generally 
manifested in certain insects admits of little doubt, 
but it \\;lJ be ad\'antageous to narrow the conception 
still further by the introduction of other considerations 
if we arc to make any use of it in the very special field 
which I haw' marked out for treatment in these lectures. 
There are authors, who like Fabre have hinted that even 
the societies of ants and bees may haw arisen phylogene~ 
tically by chance associations of female insects of the 
same species, but this was before the actual constitution 
and genesis of insect societi('s were known. It is now 

I I do not, of course', wish to imph' ;lgTermn,t with th(' Yi('w~ ()f 
Bt>cher 11')17:' who postulat('s a '_:,Ql:1ft 2.1~nll'tlC f'rt;(t.a';f m certam 
p1ants and anln1als tn ~f'rY{" (ltiler ~nd ljUltc unTciatc·r:! or~ar;.l:--n.s. 
Thj~ \'j('w ha." bun adequatelY critiCIzed by Bequaert (1924), A l\!eyer 
(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 follo~g, v.ithout stopping 
to enumerate concrete examples, many of which will 
at once occur to you. 

/ (I) 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 (dystro­
phaptic insects). 

'V (2) She places her eggs on some portion of the 
in"ironment (leaves, etc.) which will serve 
as food for the hatching larvce (eutrophaptic 
insects). 

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

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

(5) She deposits her eggs in a safe or specially 
prepared situation (nest) v.ith 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 v.ith pre­
pared food (progressive provisioning). 
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(7) The progeny are not only protected and fed by 
the mother, but eventually c<H>perate with 
her in rearing additional broods of young, 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 category (7) comprises 
social forms sensu stricto. This final stage in the series 
is reached primarily through the development of an 
inc{eased 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 EJe-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 Inequality" by pointing out that if the habit of family 
life had not been establi"hed by primitive man during the 
months preceding the birth of the first child, the human 
male would hardly have come to the aid of the female 
after the .. accouchement". .. \\ by should he aid her 
to rear an infant which he does not even know to be his, 
and the birth of which he has nl'ither purposed nor 
foreseen". At the present day we should, of course, 
turn to a study 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 life 
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 rey~rser!'Jation to the amount 
of its metabolic acth·ity. Certainly the life-span of the 
three castes of ants and social bees would seem to be 
roughly proportional to their respective expenditures of 
ener_gy. But the problem before us is concerned with 
fhe lengthening of adult life after the beginning of 
reproduction. The long lives which many insects lead 
before they reproduce, e.g., Cicada septenuiecim, the 
larvre of Ephemerids, Cerambycids, etc., cannot lead 
to the dewlopment of societies and, of course, adult 
longe,;ty merely gives the parent the opportunity for 
association v.ith its progeny, but does not account for its 
interest in the latter or the cart expended on their 
nurture. 

It seems to me that the decrease in metabolic acti,;tv 
which, according to Pearl, might be supposed to increase 
the ad~ life-span, especially of the fertile females, 
may be due to the fact that all the subsocial and social 
insects live in small ca,;ties 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 oxygen, 
and of rather low and uniform temperature. All of 
these conditions would necessarily 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 ha,;ng 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 (Meliponinre) or even the wings (ants and 
termites) and to acquire an accentuated anabolism as 
shO\\'n in the accumulation of fat and of yolk-laden eggs. 
Very probably, therefore, both the kngthening 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 only dew'lop 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 colony in all the species of social 
insects, especially in the higher termites (Termes), 
in the ants of such genera as Eciton and Atta and in the 
honey bee. On the other hand, the small size of the 
adult colonies of many primitive ants (Ponerinre) and 
termites (Calotermitidre) would seem to be the effect of 
the rather short life of the mother queen. . 

I have drawn up for brief consideration the following : 
list of the previously designated subsocial and social \ 
insects:-- i 

LIST OF SOCIAL A~D SUBSOCIAL I~SECTS 

COLEOPTER.-\ 

I. Silt.'anida: (Co("cidotrophus. Eunausibius). 
2. Scarabaida' (Copris, ~Iinotaurus). 
3. Passalida' (Passalns, ctL). 
4. Tcmbrionida' (Phrenapates). 
5. Ipida (XykbonlS, etc.). 
6. Plat_vpodida: (Plat~-pus, etc.). 

HnIE~oPTERA (Acukafa) 
7· Bethylida: (Scleroderma). 
8. ltfasarldi,za? (Ccramius). 
9· Emnenint1' (Snlagris, Odynerus). 

10. Zethina: (Zdhlls). 
-II. Stcnogastri na: (Stenogaster). 
*12. E piponi11t1' (Bdonoga;;;ter, Chartergus, etc.). 
*13· Ropahdiilla? (Ropalidia). 
*14· Polis/ina (Polistes). 
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. *15· 
16. 
17· 
18. 

*19· 
*20. 

*21. 
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Vespina (Vespa) . 
Sphecince (Ammophila). 
Trypoxylonina (Trypoxylon). 
Bembicince (Bembix). 
Halictince (Halictus). 
Ceratinince (AllodaPe). 
Bombince (Bombus). 
Meliponina (:\Ielipona, Trigona). 
Apince (Apis). 
Formicida (Formica, etc.). 

OrnER ORDERS 

25. Blattoidea (Dasypoma). 
26. Dermaptera (Forficulidce). 
27. Orthopera (Gryllotalpa). 
28. Em&idaria (Embiidce). 
29. Zoraptera (Zorotypus) . 

. *30. [soptera (Termitidce). 

This list is, doubtless, incomplete since our knowledge 
of the habits of many insects, especially of the tropical 
species, is still very unsatisfactory. I might have 
included the Australian species of Perga belonging to the 
Tenthredinidce 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 Silvanidce 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 CoeeidotTophus soeiaiis and Eunausibius wheele1'i 
(Fig. Ia 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 antennz. 
They occur only in the hollow leaf-petioles of a very 
interesting tree, Taehigalia panicukta, 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 may attain a height 
of forty feet or more, have all their petioles inhabited by 
viciously stinging or biting ants, (PseudomYTma maiigna 
and cTucians, A=teca fOl'eolata). Each beetle colony 
is started by a male and female which bore through the 
wall of the petiole, clean out any pith (Fig. Ie) 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. Id and e). As they keep gna\\--IDg 
out this tissue they gradually make grooves and pile 
their feces on the ungnawed intervening areas so that 
the interior of the petiole assumes a peculiar appearance. 
WIllie the beetles are thus engaged, numbers of small 
mealy-bugs of the genus Preudococcus (Ps. bret,jpes) , 
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 larv<e, 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 
larvre in all stages have learned to stroke the mealv­
bugs with their antennre, just as our common an"ts 
stroke similar mealy-bugs and plant-lice and feed on 

z • 
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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. 'Vhen two or more beetles or two 
OT more larva: or a group of beetles and larva: 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 mealy-bugs, which in turn 
imbibe the sap of the tree. The beetles lay their eggs 
at intervals, so that larvre in all stages are found in the 
same colony. Wilen mature each larva constructs a 
cocoon of minute particles bitten out of the plant tissues, 
creeps into it, closes the opt'ning from the inside and 
pupates. '''"hen the young beetles emerge they remain 
with their parents and soon begin to lay eggs, so that 
eventually the colony consists of several dozen beetles, 
larva:, pupre and mealy-bugs in all stages and all living 
peacefully together, except for the little family bickerings 
of the beetles and larvre 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 C occidotrophus 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 U;ccidotrophus (C. cordia 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. 

I t 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 my 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 ".hole 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 knowledge of the various groups to which most 
of the subsocial insects belong makes it impracticable 
at present to give any account of their evolution. They 
are mostly tropical and are either imperfectly known 
or isolated 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 phylogenetic 
development. For example, the beetles above described 
belong to the Colcopterous family Silvanid<e, most 
species of which haw very simple, nonsocial habits, 
but if we knew the tropical "pecies most closely allied 
to CoCl:idotn1phus and Eunausibius we might be able 
to throw some light on their peculiar beha,iour. \\-"e are 
in the same prf'dicament in regard to the Ipid<e (Scoly­
tidce). Platypodid<e, etc. O\\ing to this dearth of data 
we shall have to confin(' oursdws to the evolution of the 
truly social groups, which belong exclusively to the 
Aculeate Hymf'noptera and the Isoptera. Fortun­
ately they haw been studied so intensiwly 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 phylogeny 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). 1 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 li'\ing past of animals and plants 
must be more or less indirect, inferential and problem­
atical. He cannot even adopt the methods of the 
arcrurologist 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 (19IO) 
from the Upper Oligocene of Florsheim and the hills 
of the larger Attine ants which Branner (1900) believes 

1 See especially the erudite works of H. Rickert (1021), Kroner 
(1913, 1919). )[ehli~ (1915), Diirken and Salfeld (1921), Sch.u:el (1922) 
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: 

(r) 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 morphology, i.e.. the com­
parative anatomy and ontogeny of existing 
insects. 

(3) The vast accumulation of codified and classified 
data of ta.'Xonomy, 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.' 

I Schaxel (1922) has recently published a severe indictment of 
phylogeny. His diSCUSSion. h0wever. reveal~ a singularly mad equate 
acquaIntance \nth the actual techmque 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 JX>rtions 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. E,"aluation 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 they are fascinating, they have a 
subordinate value at present, since notwithstanding our 
ability frequently to infer the physiological function of 
an organ from its structure, we tread on very insecure 
ground when we att('mpt to infer behaviour, which 
involves the organism as a whole, from its morphological 
components. ::\loreoYer, 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 \\ith the general 
causes or conditions of evolution in the social insects, 
with the retiology of the process, as Huxley would have 
called it, and naturally resolves itself into a number of 
intricate problems. Several of these v,ill occupy us in 
subsequent lectures. Obviously the evolution of the 
social insects cannot be treated \\ithout reit-rence to the 
problems of organic evolution in genf'ral, but probkms 
of more special interest are suggested by the unique 
behaviour of the insects as social organisms. They are 
undoubtt·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-millenia! 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 many of their instinctive, 
physiological and structural peculiarities have acquired 
some kind of a representation in the germ-pla..<;m.. It 
will be advisable, therefore, in tracing the evolution of 
the various social inS('cts in subsequent lectures to 
enter upon a more detailt:d description of these socially 
induced peculiarities. 

Another more general problem is suggested by the 
insect society, or colony as a whole, which as I have 
sho\\"Jl in another place (1911) is so strikingly analogous 
to the ~Ietazoan body regarded as a colony of cells, or 
indeed to any li .... ing organism as a whole, that the same 
very general laws must be im·olved. But the biologist, 
with his presl'nt methods is powerless to offer any solution 
of the living organism as a whole. He cannot appeal to 
the entelechy or elan t'ii.aJ howeYer suggestive and 
emotionally satisfyin~ 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 tennites has a 

• 
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.. superentelechy", "une me de la ruche", or spirit of the 
hive, to use the terms of Reaumur and :\faeterlinck, 
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 If emergent 
level" in the sense of Alexander (1920), Sellars (1922), 
C. Lloyd :\Iorgan (1923), Parker (1924), \''heeler (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 phylogeny 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 will 
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 (trophal1L"{is) 
among the social individuals and in the tenth and eleventh 
lectures the various types 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 TEREBRA;.'lTIA AND 
AClILEATA 

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 Aculeat~. 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 
\\ith 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 phylogenetic disquisitions but we shall encounter 
many singular and suggestive phenomena which, I 
trust, \\ill 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 beha .. iouristic 
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 em,ironment. 

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, 
Latreille, that the order Hymenoptera may be most 
naturally divided into three sub-<>rders, which he called 
,!>hytophaga, Terebrantia and Aculeata, the first com­
prising the sawflies and horntails, the second the parasltic- - -
and gall-producing s}X'cies and the third the wasps, bees 
and ants. In their essential outlines these groups have 
been retained down to the present day, thougb masked 
by the introduction of new names and an increasing 
and well-founded conviction that the Terebrantia and 
Aculeata are really much more closely related to each 
other than is either to the Phytophaga. Other ento­
mologists have called this latter sub-<>rder Sessiliventres, 
Symphyta, or Chalastogastra and have used the terms 
Petioliventres, Apocrita, or Clistogastra for the Tere­
brantia plus the Aculeata. Handlirsch (1924), 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-<>rder, the" Pdecinoidea ", 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 
(1917) and Bradley's (Comstock, 1924) recent attempt 
to make a sub-order" Idiogastra .. out of the old family 
Oryssidre, which obviously belongs among the Phyto­
phaga. Certain families of anomalous character, com­
prising the Trigonalidre, Chrysididre, Cleptldre, Bcthylidre 
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and Rhopalosomatidre, have been shifted back and forth 
between the Ten:brantia and Acukata. All authors 
agree that the three sub-orders are to be arranged in 
an ascending series, 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-ordeTs and turn to the question of the 
phylogenetic 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 signifcant fossil material has been one of isolation 
among the other orders. While most of the latter could 
be traced back through the paleontological record with 
more or less probability either to Palreodictyopteroid 
or to Protoblattoid ancestors, the H)menoptera were 
left hanging in a void. The older entomologists and 
Ashmead (1896) more renntly were inclined to ally 
the Hymenoptera '\\ith the other higher Metabola 
(Lepidoptera, Diptera, etc.), but Handlirsch (1qoS) 
in his great work on the fossil insects endeayoured to 
derive them from the Protoblattoids and placed them 
next to the Cokoptera, which were supposed to have 
had a similar ancl:"stry. His arguments, however, have 
not been generally accept(d. He reviewed all the fossil 
evidence, which con~i,.ted of some fiftef'n spe-cies of 
Pseudosirex from the Jurassic (!\Jalm of Solenhofen 
Bavaria and Lower Purbeck of England), a single 
Ten-brant (E phial/iles ,iurassicus ~Icunier) from the 
Mahn of CatalU!la, Spain and a great number of species 
of the most yarious families from the Tertiary of Europe 
and North America. The species of Ps(udosirex are 
very similar to reCtnt Siricidre and are merdy interesting 
as showing the great antiquity ot this already highly 
specialized famil~' of wood-boring Phytophaga. The 
Ephialtites is undoubtedly a true Terl..'brant, but is so 
poorly preseryed that it might be Tt'fcrrtd to anyone of 
several existing families. Handlirsch regarded it as an 

• 
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FIG. 2,. P~_ K'-'-ti liUyard. cumplet pecimen a5 prescn;cd in the 
Lower Permian Beds of IUnsas. Lengtb of fOf'e~·ing. s1ightlv mer balf-an-
inch. (:\£ter R. J. Tillyanl.) • 

FIG. 3. Protolrtmm /NTlllill1llU Tillyanl. complete fOf'e'Q,·inlC. much enlarged. from a 
specimen found in the Lo~'er Penman Beds of Kansas. (:\ftcr R. J. Tillyard.) 
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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 phylogcnetic 
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 Pamphiliidce and Xyelida! may be 
properly regarded as the most ancient not only of all 
existing Phytophaga but of all existing Hymenoptera. 
From the Xyelida!, one series of dewlopments seems 
to have led to the Tenthredinidce and Cimbicida!, another 
from the Pamphiliida! to the wood-eating Siricidce. 
Xiphydriida! and Cephida! and to the peculiar family 
Oryssida!. which appears to be an oftshoot from the 
Siricida!. This course of devdopment, shown in the 
accompanying table of Yuasa (I922), is supported by 
the studv of both adults and larVa!. The laITa! of the 
Parnphiliida! are regarded by Handlirsch as the most 
primitive among Hymenoptera. I They' are cylindrical. 
\\;th three pairs of \-vell-developed thoracic legs and 
a pair of cerci, but without abdominal prolegs. Yuasa 
(I922), however, regards an eruciform larva wth ten 
pairs of abdominal pro legs as the archetypt'. Thi,; is 
approached by the Xyelidce and Tenthredinida!. In the 
wood-boring Cephidce (~Iiddleton H)27), Xiphydriida! 
and Siricida! (Yuasa) the abdominal prolegs han' 
disappeared and the thoracic legs are much n·duCf'd. 
The Cephid larva, howcwr, retains eyes and cerci. 
Finally in the Orys~ida! all the t hora,ic and abdominal 
appendages have been lost and the larva is vermiform 

I For good accounts of the life-histories of Pamphilllds 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 larva! of various 
Buprestid beetles. (See also Rohwer and Cushman, 
1917 and Comstock, 1924.) 

Generalized 

Primitive 

PHYL()(;E~ETlC TREE ISDICATISG THE PROB.~BLE AFFISlTIES OF THE 

VARIOGS FAYILIES OF THE TESTHREDISOIDEA. (After Yuasa.) 

There appear sporadically among the Phytophaga 
certain ethological peculiarities which bc<:omt' more 
strongly accentuated and more \\;ddy distributed among 
the Terebrantia and Aculeata. I have just allud,'d to 
the parasitism of Oryssus, the only known case in the 
sub-order and clearly foreshadowing the unin'rsal 
occurrence of the phenomenon in the Terebrantia. 
Though all Phytophaga arc vegetarian as larVa!. the 
adults of some of the sawflies. t"-pecially of the genera, 
Tenthredo and Tenthrcdclla (:'.lrazt:k, 1qOg, Rohwer. 
1913a, and others) are decidedlv entomophagous. 
Parthenogenesis, moreo\"('r, a phenomenon of gn'at 
frequency among the Terebrants and Aculeates, seems 
to be well-established in the Tenthredinid~. The 
males of many spt>cies are much scarcer than the fpmales. 
According to :\IacGillivray (I914), 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 Tenthredinidce, especially 
during the larval and pupal stages, but for lack of time 
cannot be adequately treated in this lecture. I 

While the Clistogastra, embracing the Terebrantia 
and Aculeata, are readily distinguished from the Phyto­
phaga by the petiolate abdomen, more or less reduced 
"ing-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 Sapygidce, 
which are placed among the Aculeata, use the ovipositor 
like the Terebrants, and the Trigonalidce, which are 
assigned by most hymenopterists 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 (Chrysididce, many ants and some bees) in 
which the sting is similarly vestigial. 

I For reference~ to some of the literature on this topic see my" Social 
Life Among the In5ccts." 1923. p. 290-292. The papers by Curtis 
(IS45). F. Smith (lS66\ and Ducke (1916) also contain interesting 
accounts and figures of the social cocoons of Brazilian sawflies of the 
genus Dielocerus. The singular sociai larva: obseT\'I"d by Mann and 
myself in British Guiana and Bolivia (Wbeeler and !llann. 1923) may 
also belong to this genus . 
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Hymenopterists agree in regard to the phylogenetic 
derivation of the Clistogastra from primitive Phyto­
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 (1<)08) regarded 
the Ichneumonidre 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 concerns the origin 
of the Terebrants and regards the Stephanirue as the 
family which links up most naturally 'with the Phyto­
phaga. He says: .. The Stephanirue are structurally 
primitive and strikingly like the Oryssidce in the peculiarly 
horned 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 polymorphic 
family Evaniidce is necessarily also more primitive than 
the Ichneurnonidce or Braconidce and although one 
sub-family, the Frenince, resemble the Stt:'phanidce, 
as has been already noted by Bradley. Some Braconidce, 
the Stephaniscince, Spathiince and Horrniince, 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 Capitoniirue, recently segregated from 
the Braconirue, appears to be very definitely related 
to the more generalized Evaniidce (Aulacince). Omit­
ting in this brief consideration several less pertinent 
families, and ignoring other recently segregated ones, 
we have left only the Ichneumonidce. related possibly 
througb the Al~'siidce to the Braconidce. 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 Ichneumonidce, 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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FIG. ... Tetebmnr. ~ 1U1~'. oripoIidag in the body 
pin-3phis. T_""",. __ . (After F. M.. WcibItu.) 

FIG.,. a. Female of a nh :'.merican Tri~alid. ~ UIIItItlnuI1; 
b. IIDtaula 0( same:; c. antmna 0( male. ( ftcr \l". A. Schulz.) 



FIG. 6. De\ lopmcnt of Orasmlll ,.irims. . 'Planidium. or First larval stage of 
OrllStlllll. B. Pupal worker of PhiJoJt illSt_lis with phanidium (o) .taichcd 
to side of neck; C. Female Pbti4o/t pupa with somewhat older planidium (o) 
attached in sternal region; D. Female PUit/ok pupa 'a .. ith planidium (0) in 
same sta~ as in precedinll figure, attached behind head; E. FcmaJe PUiJoJt 
pupa (phthisogync:) with older Orascma larva (0) in sternal region; F. Ortur.. 
Iar\"a (0) bcginninp: to pupate, with vesiculate: knobs on its surface:; 
G. Oras""11 pupa fallen from its host and de,eloping within the: ,,~sicu1atc: 
skin; H. Fully formed pupa; I. Pupa pigmented and ready for ecloaion. 
(Stt p. ~9.) 
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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. 10'). 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 \vithout 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 larvre 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 polnmbryony, which has been 
so carefully studied \\ithin recent years 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 Trigonalidre, 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 Trigonalidz 
in 1907, describes the family as containing forty-two 
species, seventeen genera and five sulrfamilies, 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. 5), sho ..... ing a bewildering mixture of Phyto­
phagous, Terebrant and Aculeate traits. The 
multiarticulate antenna! and the number of abdominal 
segments are Terebrant but the head recalls the saw­
flies and the general form of the body the Bethylidz 
and the shape of the abdomen the Mutillidre. In 
some species (Bareogonalinre and Nomadininre) 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 maxilla! to possess well-developed paraglossal 
appendages and to be so much more primitive in struc­
ture than in other Tert:brantia 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 Bomer, 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 flying 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 cantldensis in the British :\Ius('um. and a specimen 
of S. mejicana from a nest of Parachartergus aplcalis in 
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head, completing its development in precisely the same 
manner as those individuals which happen to have chosen 
Varicrueta 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. 8e). 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 (Chrysopa, Anthonomus 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 Ithaca, New York, and in 1922, Miss Nonna 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 
lan'a of a Sarcophaga, species of which have been shown 
by Swenk (lgII), 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. chrysopce 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 lan'ce. The female 
deposits about fifty of her minute eggs in a single day. 
0< 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 lan-al 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 b\' 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 insed comes within its reach, 
when it suddenly becomes frantically active, reaching 
and swaying back and forth in its attempt to attach 
itself to the prospective host (the Chrysopa larva). 
If the latter should unfortunately come too near, the 
plaJ1klium attaches itself with lightning-like quickness 
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 Chrysopa, 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 Chrysopa 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 oyercome the cannibalistic propensities 
of her progeny is in this case their undoing, since the 
planidium attached to the Chrysopa 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". Smulyan (1916) has, in fact, 
found a Perilarnpus planidium attached to the antenna 
of an Aphid. In tracing the further development of 
P. chrysopa, Smith found that the planidiwn clings to 
the Chrysopa larya 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 Eucharidre, 
which like Orasema are all ant:parasites. Forel in 18<)0 
found an adult Eucharis myrmecicx in a cocoon of an 
Australian bulldog ant (M_vrmecia fOTficaia). 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 Perilampidre and Eucharida: as ascertained by 
American entomologists, we may return to the Trigonal­
irue. It ",ill be noticed that the very rare and sporadic 
occurrence 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 turn to Bugnion' s 
anatomical observations on the female of the European 
Psetulogonalos 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 shmvs 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 Trigonalidre 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 describtd fo," the Perilampidce and Eucharida:. 
The minute eggs are probably laid on the leaves of 
bushes or weeds and the emerging larvre are probably 
much like planidia and attach themselves to passing 
wasps or caterpillars, there by 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 Chakidoids 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 Hymenopterous planidium 
to the triungulin larvre of the Meloid and Rhipiphorid 
Coleoptera and the Strepsiptera has been remarked by 
several observers. I 

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 
larvre of certain Platygastridre and Cynipoidea, which 
seem to represent peculiar modifications of the planidial 
type. Richardson (I9I3) and ~1rs. E. H. 'vneeler 
(I923) hav€. 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 larvre occur among the Acroceridre, and active 
first stage larvre which behave like planidia occur among 
the Nemestrinidre, Ie af-ovipositing Tachinidre and 
Bombyliidre. 2 

I For reCE'nt accounts of the larv~ of American :>.Ieloidae and lists ot 
literature see the paper;: of Wilhams and Hungf'rford (I(jI.t). Milliken 
(1921 ). Parker and Hoving (1924). and Bmf's (1924a). 

2 The Acrocerid~ and Xemestrinidae are particulaTly interesting in 
connection with the Tri5"onallc!.I!, because the two Dipterom families 
are similarly rare, sporadic and archaic insects. whICh lay a great 
nnmber of minute eg1fs at a distance from the hosts, but in their general 
em,ironment. King (1916) ha~ shown that the female Plaodcn:,a 
flat:ip~s fiieq up and down in front of a tree·trunk an,i shoots her eggl! 
at the bark to which they stick. The active planidium-Iike larvz 
attach themselves to passing spiners, bore lUtO their bo.iles and then 
become plump, vermiform lan<e. The ~emestrinids lay their verv 
slender eggs in abandoned beetle burrows in fence posts or ralls, and 
the just-hatched lan';:e stand erect and allow tLernselves to be blo ... -n 
by the wind over the fields. where they apparently attach them'ielves' 
~o Scarab;:eld beetles (Rhizotrogus) and eventuallv become parasites 
In the pup;:e of their progeny. (See A:iam Handlirsch 11'-82, Erauer 
rSSJa, and IS3j!J, ani Bruch IgI7"). The Bombylil,i.l! are TT'ucb rr.ore 
abun,iant Insects than the Acrocerirls an::! ~emestrin;d'i bet:ause the 
female la!"S ber eggs very near the lan'al ho,ts. (Sec Shelford Ig13. 
Fabre, Riley, Chapman. etc.) Clausen. Kin~ and Teram,;hi (192;\ have 
recently published an account of two inten'sting 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 scapularis (Silvestri. 1905). 
which is parac;itic 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. 
Brauer (1869) and more recently Heymons (1907) 
have objected to this use of "hypermetamorphosis If 
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 Heymon ... ' 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 discrimination. 

More important than the academic question of the use 
of terms is the question as to whether we are to regard 
such types of development as those of the Perilampidce. 
Eucharid~ and Trigonalidre (presumably) as more 
primitive than the ordinary Hymenopterous type of 
development or as having been secondarily acquired. 

of the beetle Popiliia japonira, which show a striking contrast in the 
number of eggs laid and the first larval ~tages. C~nte!e' ctnnea, which 
ovipo5it~ on the thorax of the beetle,proriuces only 62 eggs anj has no 
specia.liz"d first larval ~tage, wherca~ P,os~na siberila produres 800 egg~. 
which hatch in the uterus of the mother. The young iarva! are active 
and somewhat likf' planiriia. They are laid on the ground into which 
they bore in search of their hO$ts, tht' grub of thl' Popillia. 



THE TEREBRANTIA AND ACULEATA 47 

Some authors have taken the latter view. Brues (r9I9b) 
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 life<ycle 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 Meloidte, Acrocerid:e. 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 Chrysidid:e. The young 
larv:e of Pamphiliid:e among the Phytophaga. in 
possessing only thoracic legs and cerci. may be readily 
compared '\\ith the triungulin and the gap between such 
a larva and the planidium may be bridged. perhaps, 
when the first stage lan;a of the Trigonalidre is dis­
covered. The eruciform larva of modern Mecoptera, 
Trichoptera, Lepidoptera and Tenthredinid:e is evidently 
derived from the campodeiforrn, and there is general 
agreement that the vermiform mav arise either from the 
eruciform or the campodeiform la~"va. 

If I am not mistaken, therefore, the remote ancestral 
Terebrants sought out their prey. or hosts as active 
larv:e, 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 II dystrophaptic" insects. The occur­
rence even in some Ichneurnonids 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 EpWrus incompktus. according 
to Mrs. E. H. \\"heeler (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 Stepban­
iille, Evaniidce, and Megalyridre may have some inter­
esting disclosures in store for us. I 

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 or in 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 knOVlll cases of this singular 
behaviour, exhibited by several different groups of 
Terebrentia have been briefly reviewed by Brues (I92I, 
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 F rancis Walker 
(1836) on Agriotypus, and the well-known observer 
Sir John Lubbock (r863) 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 cinctu!i makes use of its ciliated, paddle­
shaped \\ings for this purpose, while the other, a Tricho­
grammid (Prestu:ichia aquatica) propels itself by means of 
the legs. Kumerous other contributions, notably those 
of von Siebold (1858), W. :\1iiller (1889). ~Iarchal (1900). 
Rousseau (I907), Hey-mons (1908), Schulz (1907b. I91oa, 
1910b), and )latheson and Crosby (1912) have added 
much of interest, not only in bringing to light aquatic 

I I find that Geniej"S (1924) has rt'centIy described the lanta of an 
European Evauiid. 7e[(x€t'a>!tcl sp:<ndldtlia. wbch teed~ on the eggs of 
a cockroach ([ c~op:oa deC7p,nl>\. Even the first larval stage proves 
to be a typical maggot like that of most other Terebrant5. 
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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 Acu1eata and 
only among the more highly specialized members of the 
sub-order. We shall deal with these conditions in the 
three following lectures. 

I To the list of forms mentioned by Brue-; mav be added the aquatic 
Bracorud, GtaTdlllaia unll:J.loT, ni'ICovered by De Stefani Perez (r9O%). 
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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 50 closely related that most 
modern authors unite them in a single sub-<>rder, 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 Phytophaga. 
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 Sapygidre, Chrysididre and 
Dryinidre, 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 polymorphism 
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 Cynipids, and among the 
fig-insects of the Chalcidoid tribe ldarnini 
(Phylotrypesis) Grandi (1921, 1923) has 
revealed the existence of a peculiar poly­
morphism very much like that of certain 
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worker ants, though confIned to the male 
sex. In Pezomachus jlavocinctus Strickland 
(1912) has described a peculiar polymorphism 
of the male, which may be winged, sub­
apterous or apterous. These cases of the loss 
of ",ings 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. 

(2) In certain Terebrants the ovipositor may act 
like the Aculeate sting and introduce into 
the prey a poison which induces at least a 
temporary paralysis of the musculature. 
This has been observed by Silvestri (1907) 
in the Chalcidid Elasmus fla}Jeaatus, which 
completely paralyses the tanra of the Tineid 
Prays olteUus in which it oviposits. Doten 
(19II) found that Microbracon juglandis 
completely paralyses the caterpillars of 
E phestia kuhniella, so that the latter remain 
fresh for from two to four weeks. and Picard 
(1919) has observed a similar but feebler 
paralysis of the larvz of HypoOOr-us ficws 
by S)'cosoter lavagna. The paralysis of 
blowfly larva: by Alysia mamitiCaicr has been 
carefully studied by Altson (1920) and Myers 
(1927). 

(3) It is well-known that some Terebrants lay their 
eggs within the body while others lay them 
on the surface of the prey, but that the latter 
method alone is employed by the Aculeates, 
\\ith the exception of the Dryinidz. 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 Sehizonotus 
sieboldii which, according to Cushman (1917) 
lays its eggs on the exposed pupre of a Chryso­
melid beetle (Melasoma interruptum). The 
same author calls attention to the Eulophid 
E upleetrus eomstoeki which oviposits on the 
cotton worm. Silvestri (19U) has described 
this habit also in the European Euplectrus 
bieolar which parasitises the caterpillars of 
Plusia gamma and J! amestra brassiea. 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 
Rhopalosomatidre and some Pompilidre are 
known to attach their eggs to free-living 
insects. 

(4) A phenomenon frequently noticed in Aculeates 
that paralyse their prey (Figs. 13 and 14) is 
their rnala.xation 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 !orm 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 )Iarchal (1905, 1909) in Tetrastiehus 
xanthomelama which oviposits in the eggs 
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of the e1m-leaf beetle (Galertu:eIl4 ~ 
metana) and in ApIIelintlS fl&ytilaspidis, 
which oviposits in a scale (Aspuliotu.s 
ostretZformis). It has also been observed by 
several American entomologists in T eb'4-
stichus asPIZTagi which oviposits in the eggs 
of the asparagus-beetle (Criouris asfNzTagt) ; 
by Saunders in A phelin#s ju.scijJe1Cnis, which 
parasitises the scale AspUiiotMs ,apu (Howard 
r9<J8); by Silvestri (r9Io) in Teb'tzst~ 
xanthomeltZ1CtZ; by Doton (I9II) in Pf#o­
malus puparum and a species of Maaporus, 
as parasites of the pupz of the cabbage­
butterfly (PiaU ,aptZ) and in Microbracon 
jugla1ldis as a parasite of the meal-moth 
(Esphestia kii.hniella); by Roubaud (r9I7) in 
N asonia lwevicomis which oviposits in the 
puparia of Muscids; by Lichtenstein (I921) 
in the Chalcid H alwocytus cionicida which lays 
its eggs in the pupz of a weevil (C ionus 
thaPSt); by Trouvelot (I92I) in the Braconid 
Halwolwacon johansseni, by Whiting (I921b) 
in H. lwevicQYnis which attacks the meal­
worm; by Caffrey (I92I) in AnastatKS 
semiftavidus, an egg-parasite of the moth 
H ermileuca olivia; by Balfour Browne 
(r922) and Picard (I923) in the Cbalcid 
Melittobia acasta which lays its eggs on the 
larva! and pupa! of a great variety of Hymeno­
ptera, Diptera and Coleoptera, and by 
Voukassovitch (I 924) in the Ichneumonid 
DictElotus erythrosroma, 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 cises 
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 pmpose, 
There are, however, small Aculeates (Bethy­
lidre) 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 Chalcididre, Cratotechus, or 
Comedo (Fig. II), as it is now called (Howard 
I89I), the pupre are naked and are attached 
to a leaf side by side in a regular ellipse 
enclosing some of the in di\iduals , an 
arrangement which seems to presuppose a 
peculiar "F iihlung ", to use a Gtrman 
expression, among the laIvre. It must be 
admitted, however, that sociability is much 
less pronounced among lan'al Terehrants 
than among the more ancient and primitive 
Phytophaga and that there are many 
instances of internecine destruction among 
the young larvre when the prey is too small 
to nourish more than a single parasite. 

'Vhile 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 ha'ving 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 fanner is 
the more conservative and will probably appeal more 
strongly to European workers, whereas the latter, which 
embodies some of the views of Ashmead, "ill 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 "iew : 

SUB-ORDER ACULEATA 

(VESPOIDEA OR VESPIFORMIA) 

Superfamily Bethyloidea 
Family Dicrogeniidz 

.. 
" 

• 

BethYlidz 
Dryinidre 
Embolemidre 
Sclerogibbidz 
Rhopalo50matidz 
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Superfamily Tubulifera 
Family Cleptida! 

Superfamily 
Family 

" 

" 

" 

" Superfamily 
Family 

Superfamily 
Family 

Chrysidida! 
Heterogyna 
Sapygida! 
Plumariid<e 
Anthoboscida! 
Scoliida! 
Tiphiidre (incl. Methocin<e and 

M)'Tmosinre) 
Mutillidre 
Thynnid<e 
Formicidre 
Pompiloidea 
Pompilidre 
Diploptera 
Vespidre 

(SPHECOIDEA, OR SPHECIFOlUlI.A) 

Superfamily Fossores 
Family Ampulicidre 

" Sphecidre 
Superfamily Anthophila 

Family Apidre 

The precise position of the Pompilid<e 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 detinite evolu­
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 (r835) regarded Bethylus as a 
Fossor, it and the allied. genera were placed among the 
Proctotrypoidea until r902. 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 
r,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 Bethylidz 
(rgoB) and Dryinidre (r907). regarded the former as 
"most closely related to the genera Meria and Tiphia 
among the Scoliidre," and the genus Xesitius as attaching 
them to the Tubulifera (Chrysid..idz). In 1909 he 
described a genus Parachrysis, which can be assigned to 
either the Bethylidre or the Chrysididre. Westwood 
(1881) noticed the resemblance of the BethyIid genus 
Apenesia to the Mutillidre. Perkins (I90S) saw in the 
Bethylida:: relationships to the old Fossorial series on the 
one hand and to the Proctotrypoidea on the other. 
Brues (I9IOb) notes the relationship of the Bethylidre, 
Dryinidre, and especially of the genera Epyris and 
Pristocera to the Ampulicidre and of the Sclerogibbid 
genus Mystrocnemis to the Tiphiidz and Ashmead's 
family Cosilidre (Anthoboscidz). He believes that the 
Embolemidre are an ancient group related to the forms 
from which the Proctotrypoids are descended. Bridwell 
(I917a) regards the relationships of the Bethylidz to the 
Proctotrypoidea as purely supedicial but those of the 
Scoliidz and Chrysididz as .. eminently natural" . 

• 
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Borner (19I9) places both the Bethylidz and Chrysididz 
among the Terebrants but regards them as being connected 
by the Cleptidre. Brues (I922, 1923c) noted the resem­
blance of the genus Algoella (Apteropompilus), which 
seems to be a Bethylid, to the Anthoboscm (Sierolo­
morpha) and the Mutillidre, and descnl>ed from the Baltic 
amber a peculiar genus, Palreobethylus, which strongly 
resembles the Ampulicidre, especially Rhinopsis. Hand­
lirsch (I924) places the Bethyloidea as the first super­
family in the Aculeata but Bradley (Comstock 1924) 
intercalates the family Bethylidre between the Formicidz 
and the Vespidre and the family Dryioid.re among the 
Sphecoidea after the Ampulicidre. 

The family Rhopalosomatidz deserves discussion on 
account of its dubious position in the classification. It 
consists of only three known species and genera, Rhopalo­
soma j>oeyi, occurring from the Antilles to Maryland and 
Missouri, Paniscominuz erlangeriana in South Africa, 
and Hymenochinuera abnormis in India. Hood (1913) 
discovered the larva of Rh. poeyi attached to the third 
abdominal segment of an active jumping tree-cricket 
(Orocharis saJtator) 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, Diacarnma, Lobopelta, 
etc.), Westwood (1874), who first carefully considered 
the relationships of the insect, said that it was .. quoad 
affinitates atlimum excrucians", but thought it might 
be a Vespid, Kylander regarded it as an ant, Haliday 
as a Fossor, Fred. Smith as an Ophionine Ichneumonid, 
Cresson as a Braconid, Sharp as allied to the Scoliidz 
and Sphecidre. Ashmead (1902-I903) erected a special 
family for its accommodation and placed it between his 
Cosilidre and the Thynnidre. Morley (I9IO) is satisfied 
that it can be placed nowhere among the Terebrantia, 
but is an Aculeate allied to the Scoliidre, "ith the 
venation of an Ichneumonid. Rohwer (I9I3b) believes 
that .. perhaps the Rhopalosomidre and the Dryinidre 
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had a common origin, as the larva would indicate". 
Turner and Waterston (1917) maintain that the male 
genitalia of the Rhopalosomatidre .. show a very distant 
relationship to those of the Eumenid.z 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 Vespidz, 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 t 
though it seems to be absent fram Australia". Handlirsch 
(1924) places Rhopalosoma in the Heterogyna, between 
the Sapygidz and Anthoboscinz. Bradley (Comstock, 
1924) between the Vespidz and Bethylidz. Brues has 
suggested in conversation that it may, perhaps, belong 
near the Bethylidz, 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 insects. 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 (1901-21) and Nielsen 
(1903)· Haliday saw a female Bethylus fuscic.omis 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 cavitv. Ferton found in a 
hollow briar four green 1arvz 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 Bethylirue have also been published by 
Swezey (1915). 

Scleroderma immigrans, a species introduced into 
Hawaii 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 
immigrans that I may describe it as a paradigm of the 
i'!"enus 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 
Sycosoter Im:agnei. 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 larvre 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 larvre and 
pupre. I succeeded best with larvre of the hickory 
borer (Cyllene pictus) and the larvre and pupre of another 
Cerambycid, Liopus cinereus, fairly well with other 
beetles (pupre of Pissodes strobi, larvre of Cleridre, 
pupre of Thymalus fulgidus) and larvre of Ichneumonidre, 
less satisfactorily with the soft larvre and pupre of ants 
(CampOllotl~s americanus and Lasi14s 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. Bridwen 
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 in very 
minute droplets from the previously made sting punctures. 
Her abdomen now rapidly enlarges with the growth of 
her ovaries and she soon 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 larvre die and the imago of the host, though 
moribund, actually emerges. The eggs laid on a larva 
or young pupa produce minute 1arvz 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 larvre acquire the colour of the juices of the 
prey; those feeding on the pink larvz or pupz of Liopus 
becoming red. They are always spotted with white, 
owing to the large masses of urate crystals in their fat 
bodies. l1le mother Scle~erma reDlains with the 
larvre, often stands over them and may sometimes lick 
them, holding them meanwhile in he; 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 one of her larvz. 
The devourinf'!' of some of the eggs seems to be due 
to a tendency to regulate their number according to 

I 
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the volume of the prey. 'When the larvz 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 pUple. They 
also mate readily with matuH' females, sometimes 
copulating with the same individual five to eight times 
after brief intervals. The same female may also mate 
with several males in succession. So great 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 '\\-ill 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 laIvz, however, 
develop normally but produce only males. 

(3) The third type of behaviour is seen in the Dryinid.z 
which are well-known parasites of Homoptera (Fulgoridz, 
Jassidz, Membracidre) and ants. The female Dryinids, 
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 exuvire, in 
others of the evaginated hypodermis 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 Dryinids has been described by a 
number of observers-Perris (1857), Mik (1882). Swezey 
(1903). Perkins (1905). Kieffer (1907). Jeannel (1913), 
Keilin and Thompson (1915) and others. Giard (18B9a. 
1889b). also described the larva of Aphelopus melaleucus 
on TypJUocyba TOSce and noticed that infected individuals 
of this Homopteron suffered from" parasitic castration" . 
Matausch (1909. 19II) described similar changes 
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produced in American Membracids by Aphelopus larvz. 
and Kornhauser (I9I9) has published an important 
study of the eHects of A. thelia on our large and common 
Membracid Thelia bimaculaJa. My time will not pennit 
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.. tktia, according 
to Kornhauser, 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 "wter in the ground. A. thelia 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 fumly 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 It. 
Kornhauser also noticed on other occasions that the 
Aphelopus after O"I.ripositing generally mounts the 
abdomen of the nymph to secure a drop of excrement 
(honey-dew). 

The preceding descriptions show that beha",iour 
among the Bethyloidea is ",ery heterogeneous, that the 
DI}inids 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 Formicidre.. The Sphedd and 
Tiphiid methods, however, are not very sharply separated. 

6 l' 
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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-notata carrying a large 
lamellicom beetle larva in its mouth, and Forbes (I908) 
and Davis (I9I9) found that when Lachnostema larvz 
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 in situ. Ferton (I9II) 
observed a small Myzine (M. andrei) 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 larvz 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 
Vespidz, 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 t~onomic 
significance. The older authorities distinguished two 
families, the Masaridre and the Vespidre, 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 adults, 
but usually providing their larvre with insect food. 
It was known that some social species, e.g., Nectari"" 
lechegltana regularly, and a few species (polistes, Polybia 
occidentalis) occasionally, store honey in their nests. 
The solitary species of the European and African genera 
Uasaris, Ceramius and Celonites, according to H. de 
Saussure (1853), Giraud (1871), Ferton (19OI, etc.) and 
Brauns (1910-19II) do, indeed, store honey in the cells 
of their mud nests, but according to Davidson (1913) 
the species of the allied genus Pseudomasaris of the 
South Western United States, like the Emneninz, 
provide their young with paralysed caterpillars. Brauns' 
observations on Ceramius lichtensteini in the dry Karroo 
Plains of South Africa are of peculiar interest, because 
they show that this insect has not only adaptoo itself 
to living in very arid situations but has also become 
sub-social. The nesting habits are described as follows : 
"I have often excavated the nests of C. lichtensteini. 
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 al<>Dg this 
main gallery and builds oval clay cells in them. The 
cells are like those of Sceliphr01S spin/ex and allieq forms, 
but are roundish oval. I t is certain that the wasp 
feeds her larvre with flower-honey till they are full-grown. 
I have never found stored pollen or honey ma.sses in the 
cells with the larvz, 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 
Masaridince. The primitive and central group of the 
whole series is obviously the Eumenin.:e, which com­
prise by far the greatest number of species, many of 
which, belonging to the genera Odynerus (Fig. I5) and 
Eumenes, are familjar to all students of Hymenoptera in 
temperate regions. They either excavate cells in the 
ground, occupy the cavities of pIant stems, or constroet 
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 OdJrnerus-like 
ancestors. But even among existing species of the 
sub-family Eumenince 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, i.e., of placing the complete requisite 
amount of paralysed caterpillars for the larva with the 
egg and closing the cell, actually adopt the method of 
progressive provisioning of the growing lar-" .r.~.~ .-:I ". 

to day and thus exhibit a distinct and signili, 
towards social behaviour. The latter condition seems 
to arise naturally out of a seasonal scarcity of the prey. 
as Roubaud (1908, 1910b, 1916) has shmm in the case 
of Synagris spinive1Itris and calida. 

Socialization has advanced somewhat Ill.Lller ill tile 

Zethince, which have been studied recently by Docke 
(1914), Howes (1917) and F. X. Williams {1~. 
H. de Saussure (r852, I81S) had shown that the celis or 
the South American Zethus (Di4ymogastTa) rOfrl41UlifUIS 
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 
spine; 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 
physiologicalJy equal, and even such differences in 
stature as they may exhibit have no relation to fertility. 
The colonies are small, the nests baving 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 larvce 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 for~oing females. Belonogaster is 
described as a polygynous wasp, because each of its 
colonies contains a number of fecundated females. 
"nen the colony has reached its full development the 
females leave in small companies and found new nests 
either singly or together. ThLs 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 Polybiince, 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, Le., 
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 Ihering (1896, 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 amolIDt 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 Ropalidiin;e 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 polygynous, but according to 
Roubaud (19I6), true workers can be distinguished 
though they are few in number compared with the true 
females. Swarming seems to occur in some species. 

The Polistin;e 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 Polist.inz, 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 Vespinre, 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 very populous by the 
end of the summer (3,000 to 5,000 individuals). 

To some of the peculiarities of the social Vespidre, 
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. 



IV 

THE EVOLUTION OF BEES 

THE Vespidre briefly considered in the last lecture are a 
circumscribed group of Aculeates comprising a con­
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 PoIistinz, and especially of the Polybi.inz and 
Vespinre. 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 Polybii.rue, and the 
colonies of the Vespinz and most PoIistinz 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 
Vespid<E 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 Apidz-the Anthophila, or Mellifera of Latreille­
we find ourselves confronted with a more formidable 

" 
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task. The very size of the group-some 20,000 species, 
as estimated by Friese (I923)-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 family 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 Apidre consists 
of species which either actively collect nectar and pollen 
and are therefore intimately associated \\ith 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 deyeloped remarkable modifications 
of organs and structures, including the tongue, the hind 
legs and the pilosity of the body 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 19I9a) and should therefor~ 
be placed near 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 distnouted genera of bees comprising great numbers 
of very closely related species (Megachile, Halictus, 
Andrena, Anthophora, . Prosopis, Sphecod.es. 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 anyone 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 tme of the faunas of 
Australia and South America where there are many 
prinlltive 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 unanimity 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 Apidre are treated merely as one of the families 
of the super-family Sphecoidea and that even expert 
hymenopterists have occasionally described bees as 
Fossores. Thus the type species of Neolarra (frruiflOS4) 
was regarded as a wasp allied to the Bembicinre or Larrinz 
by Ashmead (r890) and Fox (r&/3) , but Baker (1&}6) 
later recognized it as a bee allied to the genus Philere­
mulus. The Chilean bee genus Lipanthus (=psznythia) 
was also originally placed among the Fossores. The 
pronounced F ossorial habitus of many bees. especially 
of the less hairy parasitic genera (Sphecodes, Nomada, 
Epeolus, etc.), or of species like Prosopis. which swallow 

Z The only author, to my knowled~e, wbo has rejected this opinion is 
Romer (1919). He pi~,C€" tit", bee" becau,e the, Jack the strigiJ on the 
hind legs, near the \-('~!-'ida!_ Ob\iousJy the -absence of this organ 
cannot he regaLle,,- as a p:o,:lf that the Apid;t> are not closely related 
to or neriyaule fraT:! 5p'wcod iomls_ Han:!llrsch's sugg~'tion (1924) 
that the sins'-'lar tihial an\"! mnataT5a.l structure-s of the bee's hind 
legs may reprc,t'ut a hlg!iiy mf) lifi.E'd Hn!{iJ a'iapted to collt'Cti~ pollen 
from the surface of the body, would if substantiated abo dispose c( 
Bomer'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. Miiller, well-known for his fine work on the 
relations of bees to flowers, considered this hypothesis 
in two very thoughtful papers (I872, I88I). 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 (I923). He maintains that the Apidz 
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 \\'ing venation, 
one by Tosi (I89S) based on the anatomical structure 
of the gizzard, or proventriculus, and one by Langhofer 
(I897), 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, eolletes, etc., the other to Sphecodes, HaJict1Js, 
etc.' Friese indicates a third possible ancestral source of 
the bees among the Vespid;:e (Odynerus) for the peculiar 
Australian genus Hyl::rodes, which, so far as known, bas 
given rise to no other forms. This supposed polyphy­
letic origin of the Apidre 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 Sphecidre 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 Bembicinz, 
Crabroninre, Sphecinre, etc. There is no satisfactory 
evicence that the bees ever fed their young with dead or 
paralysed insects. If the Aculeata are descenced from the 
Phytophagadirectly 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 
Apidre, 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 small stature. But the facts which might enable us to 
establish a real affiliation in these habits are still lacking." 

I Friese regards the species of Sphecodes as very primitive. predatory 
bees and no~ as parasites. His disc.ussion again opens up the whole 
controversy m regard to the behavtour of Sphecodes, which seemed 
to have been settled by the researches of ::-;ielson. Ferton, Breitenbach. 
&Od others (see Wheeler 19191i) and is interesting though by no meana 
com';ncmg. We eagerly await the publication of the SE'cond part of StOck­
hert 8 paper (I9:Z3l, whIch will probably throw much light OU the matter. 
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Two sets of facts might seem to lend some support to 
Roubaud's contention. First, the existing Sphecirue 
comprise a number of sub-families or, according to Kohl 
(r896) 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 Sphecidre and Apiille were essentially 
those obtaining at the present time. Cockerell (1<)094. 
r917) has described from the Baltic amber (Lower 
Oligocene) Sphecids of the well known genera Crabro 
and Pison· and also numerous highly specialized bees 
(Electrapis, Prot obombus , Chalcobombus, Sophro­
bombus, Ctenoplectrelia and Glyptapis), from the shales 
of Florissant (Miocene) Fossores of the sub-families 
Crabroninre, Pemphredoninre, Philanthinre, Nyssonirue, 
and Sphecinre, contemporaneous "\\-"'ith 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, 

lOwing to the fact that the bees could only have developed in 
symbiosis with the flowering plants the paleobotanist might be 
expected to throw some light on the most probable period of Apid 
evolution. The onlv recent authoritative statement I have seen on 
this matter is that of Wieland 11924l. who says that" probably the 
opening of the Cretaceous time saw in all the world fully 4°,000 species 
of non-flowering plants, and many thousand seed-bearing plants 
representative of all the modern orders. Both monocotyls, including 
the ty"pical palms, and dicotyls, or net-,'eined types, 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 eyolution can be summed up as a 
rapid disappearance of naked seeded types, or gymnosperms, to 600 
species of relatively limited distribdion, with the steady increase of 
the flowering plants or the angiosperms to their present numbers, 
about 120.000 species. E. " .. Bern' insists tha.t there has been much 
recent evolution within the dicotvis. But it would not be absurd 
to hypothesize for the dicotvls ot" early Creta.ceous 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 Masaridince among the 
Vespidre. I I called attention in my last lecture to the 
fact that the primitive genus Pseudomasaris 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 (1918) 
implies, that the character of the food is imposed on the 
offspring by the adult insect, and that the adult Sphecid, 
unlike most Masaridinre and the bees, reall~' 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. 

\'nen we turn to the reproductive behaviour which 
has led to the development of societies we find a most 
extraordinary parallelism between the family Apid.ce 
as a whole and that of the Vespidce as described in my 
previous lecture. The progress from the solitary con­
dition, shown in more than 95 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 wwtlfs 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 

insignificant 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 

:r Handlirsch (1924. p. 781) c1earlv maintains this m. when he 
says : . " It is very probable that the Apides go back to older primitive 
SphegIds. the stngIls on the hind legs of which were perhaps converted 
mto a complIcated brushing apparatus. In these forms the vegetarian 
regunen IS certalllly nDt to be denved from the primitive phytophagy 
of the S\"IIlph~-ta. but from the mode of life of zoophagous fOIlDll, 
which cared for their brood." 

• 
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the ground (Fig. 19A) or in the cavities of plants (FIg. 19B). 
in crevices of walls, etc., or construct earthen or 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 prmrisioned 
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 Eumeninre and Spheddre, 
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 larvre. 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 " parrecism .. 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 num.bet' of 
female bees of the same species. The species of Euglossa, 
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often mentioned in the literature and known to c0n­

struct clusters of ellipsoidal cells of dung, earth, and 
resin, are in all probability cases of the same kind of 
association. Latreille (1809), who :first described this 
genus of large and beautiful nco-tropical insects and 
noticed the development of the corbula on the hind 
tibire, a structure which occurs in no other bees, except 
the higher social species, placed the group near the 
Bombin<e, and he, Lucas (I878) and others were, there­
fore, led to suppose that the Euglossas might be social 
Lepeletier (1827) however, who failed to find the W3,X­

combs on the hind legs, dissented from this opinion. 
Mobius (1856) even claimed to have detected a waxen 
lining to the cells of E. surinammsis. Within more 
recent years, Schulz (I<)oz), Ducke (I<)02, 1903, 1905), 
R von Ihering (1904), and Schrottky (I922), 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 confumed, but Friese (1923, p. 76) states that wax 
pectens are present on the hind basitarsi of Euglossa., 
Eumorpha and Elll<ema. 

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 Bombin<e, Meliponinre, and 
Apinre. The three latter have long been known to be 
eminently social and their behaviour bas 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 Tarsilegidre, the latter to the Podi.legidae, 

• 
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and neither is directly ancestral to the Bombirue, 
Meliponirue, and Apinre. We may therefore assume, at 
least till proof to the contrary is forthcoming, that social 
habits have appeared on at least five difierent occasions 
in the family Apidre, just as we found five independent 
sources of social development among the Diploptera, 
or Vespidre. 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 exlubit 
an extraordinary transition from a solitary to a social 
mode of life but of quite a different type 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 larvre 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 AUodape 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, amarylJid 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 



THE EVOLUTION OF BEES SS 
stems previously honowed out by CeratiM 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 Karmo, 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 " sluits ". and even in the walls 
of houses. So, for instance, does the widely distributed 
AUodape pringlei. 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 fiowers must impede or hinder the continual 
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 Ericacece, 
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 ca\ity; above them are to be 
found the younger larvre, then the more advanced ones. 
and towards the entrance are the pupre. Sometimes. 
however, this disposition '\\ill be found to be disturbed. 
The mother in carrying food to the young larva at the 
lower part of the cavity ml.1St perforce constantly pass 
the pupre and larger larvre, and may therefore slightly 
disturb the above-mentioned order, but this occurs rarely . 

.. A special worker class, such as we find in the genera 
A pis, Bombus, Trigotra, and Mdipona-that is to say, 
a more or less crippled female, is not to be found in 
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curve (Fig. 2Oli). The larvae (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 lumen of the gallery. 
By pressing these proturberances against the rugosities 
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 larvae and the 
heads of the same are each at the same level It follows 
that the hatching of the larvae 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 larvae is accomplished in the following 
manner. The mother bee deposits the food in the space 
left between the heads of the larvae so that they can 
all feed at the same time from the same food supply. 
The pupz and the larvae after the last casting of skin 
are found near the entrance, and the agglomeration of 
larvae still feeding are below them, nearer to the bottom . 

.. In principle. the manner in which the larvae are fed 
in the two typical instances here given is really the 
same. The larvae are not fed directly 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 ca"vity. 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 la.rvz. 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. 

II The third method of feeding the larva is, in c0m­

parison with the two already described, the most 
interesting and the most important. I have only recently 

• 



88 THE SOCIAL INSECTS 

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 spedes 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 ot 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 Ceratin a species 
of the same size. It is quite sufficient for one larva. 
If we open the nest we find one larva c1.inging 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 larvce 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 larvce in 
this manner. 

co 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 larva! 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 eg~ 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 Allotlape 
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 larvz and their food as in the case of all 
other solitary bees; and the gallery is not closed after 
the last egg ha<; been provisioned with the required food. 

.. The reason for this method of oviposition may 
perhaps be expL'lined as follows ~ As mentioned beforer 

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 till the pupal stage.is 
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 is small, and accords with the size of the 
mother bee. From the description of their position it 
is evident that they must be laid in rapid succession 
in order to allow all the hatched larvce to feed from the 
same food supply, and at the same time". 

Brauns' observations on AUodape 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 provi<;ion­
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 simple 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. juscipennis lays several eggs on the same 
mass of bee-bread and that this is devoured in common 
by the hatching larvce. On reaching its full growth 
and before pupation, however, each larva isolates itself 
by means of partitions of excrement. In an Australian 
species, L. dentipes, known to occur also in the Carolines 
and other Pacific Islands, Ludwig (1904) and Friese 
(1905, 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 ,,,ith 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. 1903), Verhoff (1891, 1892. 1897), 
Friese (1891. 1923), J. Perez (18<)5). Aurivillius (18<)6), 
Ferton (1898), von Buttel-Reepen (1903). Semichon 
(1912), Fahringer (1914), Armbruster (1916), Legewie 
(1922) and Stbckhert (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 (1901) on an unidentified Halictus 
and H. (Augochiora) humeralis, one on H. (Chloralictus) 
pruinosus 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 
(1904) has published a description of the nests of 
Augochlora gramminea in Brazil, and Liiderwaldt (19II) 
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a few notes on the cells of the Bruilian Ne«:.oryn-"'. 
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 c0m­

prise hundreds of nests. Each nest is started as a narrow, 
more or less perpendicular gallery, usually less than 
two feet in length, but in the case of H. (A ",€,ochlcw.) 
humeralis reaching a depth of six feet. The ellipsoidal 
cells are excavated singly or in groups along the gallery. 
In some species (H. sexcinct~) they are combined in 
the form of a rude comb, which in H. qtUIIlricin&ttl$ is 
surrounded and partly isolated by a capity. lbe 
peculiar structures of the latter species were first seen 
by Eversmann, but those of both species have been 
more recently described by Verhoef! and others. lIany 
Halicti, as Fabre observed, line their gaJlery and cells 
with a thin layer 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 difIerent authors, I shall 
select for brief consideration only the interpretations 
of Fabre and Armbruster and especially of St6ck:hert, 
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 tht;. 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. calceattl.S 
(=cylindricus) and to some extent SC4biosa (=se%Ci~) 
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andfodiens, 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 latter 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 without 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. 

St6ckhert somewhat scornfully rejects these conten­
tions as presumptuous, erroneous and based merely 
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on II paper statistics". His own observations were 
carried out during seven years in Upper Bavaria, for the 
most part on H. malachurus, ~us, sexci1lCtu. 
immarginatus, 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. (LMCaSius) 
c1avipes and H. SOTOT 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. mono, punctiaJllis. 
villosulus). 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 Ha1icti 
a type of reproduction even more interesting on account 
of the light it sheds on the evolution of social habits. 
H. malachuTus 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 to visit the 
flowers of willows and dandelions. Although several 
females have been hibema1;j.ng 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-cells are built directly oft from the maiD 
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gallery. provisioned and provided with eggs. H mon: 
than one female remains in the nest, these daughters 
of the same mother nevertheless build stparate cell­
clusters. 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 fonn which ta.'Xonomlsts have described 
as H. longulus. The first individuals to appear are 
unusually small. There are no longulus maks. 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. Caiceat14S. The eggs for these cells are laid by the 
mother and not by the Iongl4lus daughters, which. 
however. collect the provisions consisting mainly of the 
pollen of Hieracium and uontodon. The old mother 
remains at home and guards the nest entrance in the 
manner observed by Fabre and others. The longulus 
females forage till about the last of :;:'ptemocr, although 
each indi\;dual probably liws onlv four to six w('eks. 
Their number increases till in August there are about 
a dozen in each nest. F('malps of tht> ,"~l~churus t~~ 

begin to appear about tht' 1:x ginning of August, also 
from ('ggs laid by the old mother. They are wry, 
drowsy and lethargic. compared "ith the wry actiw. 
bustling longllius females and collect no pollen though 
they '\;sit the flowers for nectar. The males, which 
have been appearing and increasing in numht'rs in the 
meantime, and are also the offspring of the old mother 
Halictus, pay no attentIon to the wngulus f('mal~'s. 

but eagerly pair on the surface of th(, n! st \lith the 
young malachurus f('malt's whpn they II aw the burrow 
for the first time on some sunny day. There is thE'reiore 
a kind of abortive marriage flight. Dissection of the 
longulus females shows that they are n!',\Tf fecundated. 
The old mother, afteT ~ur\i\ing th,' pT,'ccding winter 
and prodw-ing the Sllmm"r hf()od of I<HI£;1Il:t,~ and fall 
brood of malachrtr!ts. though much worn and with frayed 
wings. lives till the end of the Season. 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 kmgtJMs females 
and the males then also perish, but the young fecundated 
~hJII'US females go into hibernation in their mother's 
nest. 

The habits of H. ffUlCulatws were fOlUld by StOckbert 
to be very much like those of malacJaUf"US. The summer 
f emalt's are also smaller than their mother though they 
have the same sculpture and ha,'e not been descn"bed 
bv ta.xonomists under a difierent name. In H. 
immarginatws the summer females, b~"er, differ in size, 
punctuation and rugosity from their parent and are 
known as pauxiUus. The summer form of H. pt".d1-
collis, though of the same size as the mother, is sufficiently 
different to have been named riU<JSNlus by the system­
atist~. 

In this brief account of StOckhert's observations you 
canne'! fail to ha\'c notic.ed the very striking and suggestive 
restmblance of H. m4i.achNrkS to Vespa and Bombus. 
The sterile longuJ.1lS kma1es COfTt"';pond, of course, 
to tht' workers of Vespa and Bombus. while the old 
mother malaehu,," represents the o\"erwinte~ wasp 
and humbk be-e queen. In fact, the social organiza­
tion of H. ",alachurKS and the a11if'd species. apart from 
the number of (o-operating indi\;duals. i .. almost as 
highl" dcn.:ioped as that of Bombus. The resemblance 
is further mhancf'd by the fact that in some of the 
allied sJX' ... :ies of Halictus (seutffCtllS and fINUlnciNCtw.s) 
the brood cdIs. ha\-e the fonn of a rude comb and in 
H. scabll'sQ', an ording to Fahringer (1<)14). somt' of 
the brood-n:>lls may be used for storing pollen. You 
will notice aL"O t hat there is no infraction of the 
Dzierzon rule in Hali.-tus, no parttwnogent'tic origin of 
females, and that F.lbre's and Armbruster's claims to 
the contrary must have been dUt' to a misinteq>Rtation 
of thf' facts. Stockhert's oWTvatlons. to which I 
shall have oc.casion to return in another connection • 

• 



THE SOCIAL INSECTS 

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 bt:es, the Bombin;e. Meliponinz 
and Apime, representing the most highly specialized 
forms among the podilegous division of the family Apid;e, 
present so many knotty probkms to the phvlogenist 
that a whole course of lectures would hardlv suffice for 
their a~equate consit1eration. It is often assume,! that 
these three sub-families must be rather clo~ely related, 
partly because their morphologi(al 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 gpnesis of their societies are so diverse 
that we are led to suspect that we may be dealing with 
three converg,-nt cevelorments from as mJ.ny independent 
ancestral sources rather than with three diverging 
branches of a common stock. The colonies of such 
forms as HalictllS maiuchllTUS. whi"h. as we have seen, 
are very similar to tho.;;e of the Bnmbin;e, are abo very 
suggestive in this connection. ~Iy time is so limited 
that I shall have to confine m\'sdf to a few notes on 
the pakograrhy. secretion of wax, the degree of 
polnnorphi-'m and the methods of colony formation 
in the three sub·families. 

Social IKe" ha\'e b~'en descrilx-d from the Baltic amber 
(Lower Ol!go,'ene). Si, i1ian amber C\ltcKene) and various 
shales of the Cpp ... r Oligocene and ~lio"ene of Europe, 
and an attt'mrt has b<::en mJ.de by von Buttcl-Reepen • 
(1906. 19:5) to interpret some of these fossib as actual 
ancestors of our modem .~ f>1s mellifica. But the species 
placed by the early entomologl,ts in the modem genera 
Bombus, ~I"lipona, Trigona and .\."Jis on reCf'nt examina­
tion bv Cockerell (HI(\('ja. I<r,ljt'l. a sfX'cialist in bees, 
have been :o.hown to !Y'!ong for the mo,t rart to quite 
different and extinct g.nera. Of the species of Bombince 
described from the BaltiL amber. Bombus pusulus lIenge, 
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is only three millimetres long and cannot theref<:JR be 
a Bombus; B. C4T~ Menge and ~ 
ffte1Igei Motschulsky are, according to Cockerell. quite 
unrecognizable. Of the five species of &mbus descnDed 
from the upper Oligocene and Miocene, Cockerell (19094) 
has shown that two, B. jurimi and 1JlNIrus, belong to 
the genus X y locopa, and one cannot help entertaining 
some doubts about the generic identification of the others, 
4ntiquus Heyden, C'l'4SSSpeS Novak and gran4.-rws Heer. 
Cockerell (1<)09b) finds, however, three distinct ~ 
allied to Bombus in the Baltic amber. namely Proto­
bombus with two, Chakobombus with two and Sop~ 
bombus 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 modem bees. We may conclude, perhaps, that 
the Bomhin:!! 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 ~lelipona and Trigona have been cited from 
the Baltic amber hy Brischke and Bmmeister (Hand­
lirsch H)o8) , but Cockerell ~ards the generic references 
as quite worthless. Ne"'ertheles.s. two Meliponine bees 
belonging to an extinct genus, AI elspcnwrytes succi"i and 
siCilia. have been adequately described and figured b!" 
Tosi (I896) from the more recent Sicilian amber. They 
are of uri-.tsual interest as showing that the sub-family, 
now confineu to the Neotropical. Ethiopian and Indo­
australian regions, was once represented in Europe. 
Authentic ~ldirnninz may therefore occur in the Baltic 
amber, which conta.ins so many insect genera that are at 
presmt confinrd to Australia and the East IIldie5. 

The two fo~sil ~pecies of Apis adduced by von Buttel­
Reepen (IQ06) in support of his ";e,,,' that the honey. 
bet: must ha.ve origma.ted in Germany. ha,,"e met a sad 
fate. Apts adamltua Heel, from the Miocene of Oeningen. 
proves to be a Lithurgus, ie., a gastrilegous bee a.llied 

T 
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to Megachile, according to Cockerell (l909a) , and von 
Buttel-Reepen's Apis melij>onoides from the Baltic 
amber has been shown by the same investigator 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. 
tornquisti, doubtfully refern:d to Electrapis by Cockerell. 
is even closer to Bombus. The A pis proat'Q 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 "on Buttel-Reepen for the Bombi.nz. Meliponinz. 
and Apince. 

In my last lecture I failed, perhaps. sufficiently to 
emphasize the fact that there is a very 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 
purpo"e (Zethince) to the nidification of the five social 
sub-families which fabricate a veritable pap," lPUiclli 
consisting of fine vegetable fibres, agglutinated with an 
oral ~cretion. This evolution is paralleled b~' that of 
the bees. .Many of the lower solitary forms nest in the 
soil or make eanhen cells, while higher forms use a great 
variety of \"egetabk substances, sometimes even a 
leaf-paste, as in the European Osmia int'Tmis, till flnally 
in the three higher social sub-families the material for 
the brood and storage cells is produc('d exclusiwly in 
the form of a unique secretion, known as b<es' .-ax. 
There is, thereiore, in both groups a similar significant 
evolution from more primitiYe terricolous or humicolous 
to more aerial (dendrobiou5, or arboricolous) habits. 

\\ nile there is no evidence that any of the solitary 
bees secrete wax. von Buttel-Reepen (1<)03) and Friese 
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(1923) have called attention to the fact that in freshly 
killed and drying female specimens of several genera 
(Tetralonia. Eucera. Anthophora. Pachymelus and 
X y locopa) there exudes from between the abdominal 
segments on the dorsal side a substance which looks 
like wax though its chemical analysis (in Tetralonia) 
reveals nothing but the presence of fat. Wax. ~'er. 
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 gh-en very little attention and we a.re 
not in a position to say that more defmite phvsiological 
stages leading up to the wax-secretion of the higher social 
bees may not exist in some of the solitary species. 
Hf'Selhaus (1922) has shown that the glancis underlying 
the large velv'ety areas along the internal orbits in Andrena 
and the glands of certain abdominal se-.gments in Osmia 
are structurally very similar to the true wax-glands of 
the honey-bees. Bombinz and Meliponinz as descnbed 
by Dreyling (IQ05). The structures in Andrena and 
Osmia certainly do not prodoce a typic-al wax. In 
Andrena the secretion may perhaps be a ,"Olatile es~tial 
oil and the facial glands rnav therefore be S<'ent-organs. 
though. as Heselhaus sug .. l~ests. their proximity to the 
olfactory organs of the antennz is not '''e~' favourable 
to such an interpretation. The regions which secrete 
the wax in the Bombinz. Mf"liponinz and Apinz a.re 
known to have a ditkrent distribution on the ablomen 
and in the indh'iduals of tht" various castes. In Bombus. 
wax is scrrete,l both dorsally arid ventrally by both 
queens and workers on the second to fourth ab iominal 
segments. in the Mtliponinz b)' queens. workers and 
males on the second to fourth segments. but only on the 
dorsal side of the abJomen. and in the Apinz exclusivl"ly 
by the workers and only on the '''entral side of the 
second to fifth segments. In all cases the secretion is 
produced by young individuals only_ The Bombine 

• 
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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 ri.c;e to the condition seen in the 
Meliponin;e by a loss of the glands on the ventral side 
of the abdomen and in the Apin;e by their loss on the 
dorsal side. There are also some interesting differences 
in the method of employing the v;a.x in the three sub­
families, the Apin;e using it in its pure form. the Bombinz 
mi..xed with a consiterable amount of pollen and fatty 
substances (see Armbruster's (1914) citation of Sundwick's 
analyses) and the I\Ieliponin;e with a large admixture of 
earth, resins (propolis) and other vegetable matter. 

Since I propo3e to go into a lengthy di~cussion of the 
polymorphism, or caste development of the social 
insects in two ~uh"equent 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 
wa';;ps, the worker being smaller than the qt:een. incapable 
of fecundation and therefore either sterile or capable 
of laying only male-producing ova. The differentiation 
is carried somewhat fart her in t he ~Idiponin;e and Apinz 
and, owing to differences in habits, exhibits a significant 
reve~al of the conditions seen in HalictllS and Bombus. 
since the queen, though retaining and exaggerating the 
fecundity of the queens of these forms, show~ a degenera­
tive reduct ion of the p<)llen-collecting apparatus of the 
hind leg~ and of portion~ of the head (-maller size of 
head in '\Ieliponinz, reduced mouth part:-; in Apis). 

In conclu:-inn something may be ~aid about the various 
methods of colony formation among the Bomhin~. 

Meliponinz and Apinz and the matter of monogyny 
(" monogamy", or "monometro~is ") and polygyny 
(" p<Jlyxamy ", or .. pleometro:,is ") touched upon in 
the preceding lectme. In north temperate regions the 
Bombus colony is an annual development initiated by 
a single fecundated, overwintering queen in preci,ely 
the same manner a_<; the colonies of Ve'pa, but according 
to R. von lhering (1903). the colonies of B. C4Tbonarius 
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and cayen fJe1ISis in Brazil are permnial 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 Silvestri (1902) and H. ~"On Ihering (1903) 
the Meliponine colonies are also established by swarming. 
There is only one mother queen in a colony and since 
she is unable to By 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 Bight and leaves with a swarm 
of workers as soon as a young queen is about to emerge 
in the hive. To anticipate. I may say that in the 
Fonnicidce 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 al~o by association of a few young sister queens 
(" primary pleometrosis "). 

Reserving for future consideration the aberrant cases 
of certain :,ocial pa.rd-<;ites. we may therefore distinguish 
four types of colony formation in the social Acu1eata, as 
follows :-

(1) The Vespa type. seen also in the northern species 
of Bumbus and PolL"tes, in Halictus and most 
ants. The incipient colony is epitomized 
in a "ingle fecundated_queen. 

(2) The Bdonogaster type. occa,ionally seen also 
in Ha.lictus and some ants (I..asius. Mynne­
COCy"'tU5 (\\lleeler 191j)l, etc. The beginning 
coluny consists of several fecundated, pro­
bably sister queens. 

(3) The Mdipona type, occurring al"'O in many 
tropical V espidz (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 mellijica 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 variant of the 
third, but it has not been satisfactorily explained, though 
careful investigation of the other species of Apis, dorsaUJ 
(Fig. 22) and florea, of the Indomalayan region may be 
expected to clear up some of the difficulties. The Vespa 
type is monogynous whereas the Belonogaster and 
Melipona types are polygynous, with the difference that 
in Bdonogaster the individuals founding the new colony 
are all fertile, wherea;;; in ~Iclipona there is a single 
fertile and a number of sterile indi\;dua}s. 

The von Iherings, Ducke and Roubaud regard the 
polygynous as the more primitive and the monogynous 
as a derived type, which has arisen in the northern 
wasps and bees as a re~ponse to unfa\'ourable 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 
destroys the less re~i~tant workers and permits only the 
disper"ed fecundated queens to sun;ve and hibernate 
till the following season. It seem:' to 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 primitive societies of Halictus 
(Stbckhert 1923). A number of fecundated sister 
queens hibernate peacefully in the <;arne maternal 
burrow but with the arrival of spring conflicts break out 
among them and the re~ult is usually a monogynous 
colony. In some cases, howe .... er, two or three of the 
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sisters may compose their d.i1Ierences aDd establish a 
polygynous colony. We should probably observe a 
similar indeterminate type of colony fonnation 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 
Mynnecocystus (\\neeler, 1917b) may actually do this, 
and von Buttel-Reepen (1905) has witnessed the begin­
ning of a digynic colony of Lasitl.S ft.iger. 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 t\\·o queens thus underwent a sudden 
change with the maturing of the brood. In Halictus a 
similar change :"upervenes, but at a much earlier stage 
of colony formation, and in Belonogaster it seems not 
to occur. r 

I Janet's observations (1004) show tha.t in mature polygynoaa 
coloni('s of anb ,<;,,:, :i'psis ani Tetram:'r.um'· kept In artlficu.l n~, 
the queens art' ~ra,:t;,l;:\' k:;;"j of! by the «-ork('rs tt'! onl\' a smgle OM 
remaJ.ns. Sirn.f"' t!;! .... t·l;rr:.n .. ~tF'n ,j{)('S nt-~t occ'.]!" In W-l~j iJ)i~)nle-5f Janr-t 
was probably nght In ':;','<'t tin!; tha.t It aught h~"'e boeen dDt' to lack 
of food in the aruiJclai n('sts . 

• 
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THE third and last and from many points of view the 
most interesting group of social Aculeates comprises 
the family Fonnicidre. 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, Em. Andre, Santschi, Viehmeyer, Donis­
thorpe, Crawley, Mann, myself, and others, building 
upon the foundations laid by Latreille, Frederick Smith 
and Gustav Ma}T. 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, 
ne\-ertheless, 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, semi popular 
volumes on ants have been published by Forel in French, 
by Escherich (1917) and Brun (1924) in German, by 
Emery in Italian (I9ISa) and by Donisthorpe (1915) 
and myself (19Ioa, 1923) in English. Forel's" Fourmis 
de la Sui5se " (new edit. 1920) and especially his" :\Ionde 
Social des Fourmis" (I92I-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. I shall 
take for granted that you have some acquaintance with 
these insects and shall treat, so far as my time \\ill permit, 
only a few general matters such as the phylog .. ny of 
the family, its known paleontological record and its 
geographical di5tribution. In later lectures I shall 
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enter into somewhat greater detail in regard to same 
other equally controversial matters. 

The fact that the family Formicidz, unlike the Vespidz 
and Api~, consists entirely of social insects, is a serious 
obstacle to a determination of its phylogeny. Up to 
the present time 6,000 different forms. i.e., species. 
subspecies and varieties have been described from all 
parts of the world, and it is probable that our younger 
mynnecographers 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 
Formici~ comprises five subfamilies, the Ponerinz. 
Do rylin<e. Myrmicinz, Dolichoderinz and Formicinz 
(Camponotinre). The Ponerinz are a primitive but 
rather heterogeneous group (Fig. 24). The DoryJinz 
comprise the famous driver ants of Africa (Fig. 39) and 
the army ants. or .. ants of visitation" of the American 
tropics. The :\Iyrmicinz are a large and very hetero­
geneous assfomblage of genera, \\-hich are. nevertheless, 
easily recognized by the two small petiolar segments of the 
abdomen in all the castes (Figs. 26. 48. and 72). The 
Dolichodt-rinre (Fig. 79) and Formicinz (Fig. 51) are 
both characterized by a single small petiolar segment 
but difft:r in the shape of the gizzard, anal aperture 
and the character of the poison glands. I have recently 
recognized two other subfamilies. the Cerapachyinz 
(Fig. 25), formf'rly included among the Ponerinz. and 
the Pseudomyrmin<e. formerly placed among the 
Myrmicinre. It seems to me that an eighth subfamily 
should be created for the very a:berrant and specialized 
tribe Leptanillini. which Emery has placed among the 
Dorylin<e.' 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:-

t Dr. G. Co 'Wheeler (r 'I l ill has shown ! ha t the Ia.cYa of LeptaaiDa ia 
v~ diuerent lrom that of any other Ult-gawa. 

• 
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stages of conquest, defence and indllStry 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 II Stammbaume", 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 expnssionsof conceivable 
phylogenetic relationships and have nt,itrh'r more nor 
less value than other schemes of er g our ~ 
visional notions in obscure fields of invotigation. If, 
therefore, contrary to the eminent Austrian entomo­
logist's opinion, we venture to construct an ancestral 
tree of the Formicid sulrfamilies, it would look: s0me­

thing like Fig. 23. 
The Ponerinz repre5('nt t~ primiti"\'e stock from which 

the other subfamilies d to have radiated, and 
the amount of SpeciakdllUll III "uich they have severally 
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 ~,,' .1 '-­

our account of the Vespidz and Apidz and L 
Are the various subfamilies of ants really cieriYed from 
a common stock or are they polyphyletic like the 
various social subfamilies of wasps and bees) In the 
preceding diagram they are treated as monoph\ his 
is the view taken by F . and by' :-. 1920. 
Emery, however, ha_:;; __________ ~ polyphj ... __ :-lgin of 
the subfamilies in the following schema published in 1920: 

Prodorylinz (Cerapachyinr) I>oryIine. 
--Euponerinae 

. ~ Amhlyoponini. Ectatommini, Proceratir. 

~ {Mynneciini {continuing the stock WIth 
8. - the minimum amount of J: Platythyreini diiferentiatioo. 

--Mynnicinz 
?--Dolichoderinae 
?-FormicinIt (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 Formicidz, which lies 
even further back than the Proponerinz, the putative 
ancestors of the Ponerinz. If we take Emery's point 
of view, therefore, we have much the same situation as 
in the social Vespidz, 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 sunived, we should very probably 
regard them as monophyletic families. On the other 
hand, 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 JX>ssible "',ith the aid of morphology, paleography 
and ethology. The impres:;.ion com·eyed by the ants as 
a whole is that of a sharply circum~cribed and very 
ancient or archaic family. The archaic a:-pect is revealed 
in the many genera and species which combine ob\iously 
very old 'with highly specialized characters, m the pro­
nounced sexual dimorphism, since the differences, apart 
from the wing~, between the males and females i:- greater 
than in any other Aculeate:-, and in the extremely ~pecial­
ized worker caste, which is not only always wingless but 
always differs much more frc,m the fertile female, or queen 
in the structure of the head, thorax and abdomen than in 
the social Vcspid<e and Apidce. All these differences are 
indications of a very long evolution. apparently much 
longer than that of the social wasps or bees. Ob\iously, 
the ancestors of the F(,rmicidce are not to be sought 
among the Sphecid<e, or Foswres, but on account of the 
thoracic struct ure, wing-venation, ab:-ence of strigils 
on the hind legs, etc., among the VesJX,ids, or Vespi­
formia. The Diploptera (\'espid<e) and Pompilldz 
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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 Sapygidz. 
Scoliidce, Tiphiidce. Thynnidz, Methocidz. Pluma.riid.z, 
Mutillidce. Apterogynidz. Fedschenki.idz. and Antho, 
boscidce. The behaviour pattern of these insects. so far 
as kno'\\n. 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 in situ, or in rare instances (SaP)'giillr) 
act as parasites of bees and Sphecids. 

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 
Formicidz. Most of them, following Latrcille. have 
settled on the Mutillidz. but others have pointed to ant­
like traits in nearly ~'ery one of the other families of 
Heterogyna (Borner's superfamily "Fonnicina to ). s 

According to Bomer (1919). an ideal ant might be 
constructed by combining the hind wings of a male 
Mutilla \\;th the maxillz of a Myrmosid, the tibial spurs 
of a Methocid and the cranium of a Sapygid. He actually 
regards the Plumariidz as 'l subfnnily of Formicidac 
and Plumarius as .. perhaps the most ancient of ant­
forms ". Kow while hi'> suggestion that the CI<lnium 
of ants is more primith'e than those of Scolilds, Thynnid5 
and Mutillids is interesting, it is evident that the Sapygids 
and very probably the Plumariids are in many ~ 
less like the ants than any of the other families of 
Heterogyna. The Sapygidz are known to be parasitic 

1 Both Borner (IQI9~ and Handlirscb do a good deal ollum~ ia 
this group. The latt r iJQ24\ r"c()g:1lZ(>~ o:-.h' iour ta.milte5. the s..p~.­
gidz. Rhopalos ma.tl JOE 'which 1 han pla~ed lD the Bethyloldea\. 
Mutlil:J;!' .:;,nd FormlClj;E. and treats the other j:rt)up5 abo"e mentl,mt"d 
as suNamiiles. H,s ?l1L:tliih::r. therehre. lUclll.1e as 5ut>-taml:JelI 
the :\Iutlllmz. Anthoboscmz. ScOlllllZ. Fe-:lschenk:uuz, Pterombmz. 
Thynrunz. Mcthncmz. M:nmosInor. Apterop'mnz. and \ 'l Bra.,jo­
b<P[]'lUZ, The P;umanJ.iz. he beheves. CO:1stltuU an mdepenJellt 
super-family, whlcl:l be pl~ at the 'bqpnnmg of ~ '\cul~te Ienea, 

• 
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on solitary bees. The habits of Sapyga quinquej>14nctata 
as described by Fabre (r8<)O). and those of S. similis 
as described by Nielsen (r<)02). 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 Sapygidce among the Apid~, 
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 only two genera. Plumarius (Konowi­
ella) in Argentina and Chile and Myrmecopterina 
(Archihymen) in South Africa (see Enderlein (1914) 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.-

I If Rohwer's statement in the .. H~"tnenoptera of Connecticut" 
(I9I6, p. 610i LS correct that one of our ~orth American SaP\-ga_5 haa 
been bre,l ir lrn the cells of a mud wasp ISa;'til,;J1I ce~w ... ). the 
genus would contain at least one entomophagous specie8. 

• Bradley (19!lJ while lecturing to the " Soci~te ScientiJique du 
Cbili ", an,l a.fter spe;;.king of the probable a.bsence of all :\t!'T01oei.1~ 
in South Am"rica, made the !OIlOWIDJi; remarks on P1 umari us : .. But 
you have here in thetr 5tea,l. an'~ with similar habits, the moet inter· 
estlng of all Chl:ean H:;menoptera.. Yerv mam" yean ago your 
learned f~I;ow-mnnber. the late Dr. R. A. PtulIPP" desCribed a. renurE· 
able h ,-menopt<·rous Insect to which he gave the name PI .. ~n,". 
Because of its pecl;liar structure all wnteI'll down to the fre~!lt 
day have ~en puzzled to know to what famllv to assign it, and doubt 
if a.ny out.,i<ie of Chl:e ha.ve known more of it than PlUl:ppi', fij(Ufe 
and descript;on. Even within the past few veal"! Szepl:gen has 
included It in his synopsis of the Bracomda! for the (~nt"ra. Ins~torum, 
A few \·ed.rs al(o a ge:Jus was ,!escribe<l for an .\~entlOe wasp, under 
the na.me of K ": "/ "';::1. Before leaHtlg the {_-mted. States I beca.me 
con,inced of the fact that j'.,: n)uu::..l, 'of whIch Prof. C. T. Bm~ 
had shown me S<Jme s~cimens, was synonvmous WIth PI"~lY'US. 
and that their true P"slt,nn coul<l onl .... be i:1 the famllv Mutiilldi2, 
M .. m%lti;r, or a new cl'-lSelv allIe'\ family to be erected for them. 
I further concluo1eri that the;,. must be nocturnal inhabitants of arid 
regiOD3, takmg in the South ·.\merican d~rt fa.una a. posItion analo­
go'J9 to that occupi"'1 in ~ort!1 :\rnenca by th~ :\hTm0Sid ('enns 
Pq;;'·, r~'5ti5 refArTed to abovl' On tal:tln~ to .\r~nt:nlan l'ntomo­
logLSta, I could not obtoun connrmauon of my SU!1pi<;ioll thit.t they iLf'! 
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Very little is known concerning the Fedschen1riide 
and Anthoboscidz, in which the females as well as the 
males possess wings. Only two species of Fedschenltia 
are knO\VIl, both from Turkestan (Em. Andre, 1903). 
The only species of Anthoboscidz I have seen, our 
Northern American SierolcMcrpha ambipa, while very 
primitive, seems to be too simple to be regarded as near 
the h}"polhetica1 Fonnicid ancestor. The Mutillidz, 
Apterogynidz, Thynnidz, Myrmosidz and Methocidz 
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 (I896) , Emery 
rejected the Thynnids which Fore! had included among 
the possible ant ancestors but says: .. I, therefore, 
agree in tbe main with Ford, but would more forcibly 
emphasize the statement, that tJu 4JfUSt07S of the allB 
'Were clcsely "elated tlJ tJu older fOT1fllS of tJu M ulillia. 
and evm belonged morpJwlogically to tIwt famuy ". The 
relation to Thynnids he regarded as .. merely a collateral 
one based on their common derivation from Mutillids ". 
Emery was e,\;dently led to take this view on account 
of the generalized male genitalia of the Mutillids, the 
apt emus condition of the female Doryline ants and the 
peculiarly ant-like abdominal pedicel of Apterog}'na... 
But the wing-venation of this genus, which Em. Andre 
and Emery include among the Mutillidz, is peculiarly 
specialized and very different from that of the Fonnicidz. 
Although Emery was well aware of the obstacle presented 
by the \\;ngless condition of female Mutillids, he boldly 
maintained that the females of ants were originally 
wingless but had later acquired --perfectly developed 
_._-------_._-_._._---_._--
noc~. Accordmgly imagine my delight on burning a trap Lantera 
two successIve m"hu at Potrenllos ill the E4.~tem Andes, to ohQia 
1lt'J.rlv 001' hur:.lr<,d of these Insect., tx-Io~ng to ~ver.U ~)es. 
Subsequentl~' wh"n :l.tr. Uu"los Sllv;J. FIgueroa showed me the c:oUectioa 
of the :'>bseo :-;-;;''::lOoa1. one of t..'le first th;ngs to attract my attentlOn 
was a 3pecunen of th~ msec!:S, la.beil~ ,. P: .. fJJ<U1t<S ", in the b~· 
writlng of Dt'. Philippi, pro'lrmg COnclUSl"'1!ly the identity of KOfCOo 
.. u,:" with that genus. It IS my early mteatwn to pubhah a ttwiy 
of these msects ". etc . 

• 
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wings by inheritance from the males! McClendon and I 
(1903) criticized this extraordinary opinion many years 
ago, but in 1920 the Italian mynnecologist 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 infra). 

We are thus reduced to the only two remaining 
families, the Scoliidre and Tiphiidre, which are commonly 
combined as a single family. They were regarded by 
Handlirsch in 1893 and I908 as most closely related to 
the ants, and in I924 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 Thynninre, Methocinre or 
Apterogyninre. We must therefore go back to still 
more primitive forms. The Plumariidre, however, seem 
not to represent the point of origin, because their antennz 
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 Tiphiidre and especially the genus Ells 
(Myzine) since it resembles the ants in the shape of the 
eyes, the \\ing-venation and the generalized tendency 
to constrictions between all the abdf1minal segments, 
so reminiscent of certain Cerapach~inre (Sphinct0myrmex, 
Zasphinctus, Euphinctus and DOlyllnre (Leptanilloides) .. 

I Apparently none of the taxonomists has noticed that the ants are 
peculiar iL possessing a pair of large glands in the posterior portlOn of 
the thorax (see Janet, 18gSt). They arpear to be pH'sent In all the 
species and all the castes and open near the lnsertions of the hind coxae. 
In some ants, e.g .. the East Indian species of Crem3to~aster of the 
subgenus Ph\-sacrema, the chambers and tis.sues of th(';;e glands are 
so large that the whole metathorax is consplcJOusly swollen. I haye 
been unable to detect any dIstmct traces of the structur('s in questIOn 
in other Aculeates or i:1 the lower sub-orJers of H\·mcnn:>tera. Bdnre 
their taxonomIC si~"lf.cance can be appreciated 'It wIli be necessary 
to make a comprehensive, comparative investigation. with surface 
preparations and sectIOns of the metasternal reglon 1D. the varioUI 
Hymenopterous families. 
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It is interesting to note that this very family Tiphiidz 
has affinities in structures and habits with the Bethylidz, 
considered in a former lecture. Probably all three 
convergent groups, the Bethylidz, Tiphiidz and Formi­
cid:e, had a common origin among extinct forms. which 
may be conceived to have resembled the existing 
Bethy-lids in habits. They probably hunted insect 
prey, paralysed and carried it into their burrows and 
laid their eggs on it, the mother insect remaining with 
her young till they had matured. From such a sub­
social stage we might pass rather easily to the social 
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. 
Ewntually a physiological division of labour gradually 
developed among the associated indh;duals through 
the colony-founding female learning to feed her first 
brood with her saliva or eggs instead of with prey while 
her daughters became sterile nurses of her subsequent 
broods. We may assume wo that these ancient 
Bethyloid or Tiphioid ant-ancestors had both winged 
and wingless females like Scleroderma (see p. 62). 
This <L<;sumption would furnish the neces~ry starting 
point for the three forms of females, fertile and '\\Ulged, 
fertile and apt erous , and sterile and aptemus (workers) 
which we find amc·ng existing ants and thus avoid Emery's 
inherently impmbable derivation of alate from aptemus 
fem:ties through inheritance of '\\;ngs from the males. 
The present aptery of the females of Mutillidce, Thynnidz. 
etc" might al~o be traced to the female dimorphism 
of remote Bethyloid ancestors, but we should have to 
assume that in them no advance occuTTt"d in behaviour 
pattern even to a sub-social stage like that of Sclero­
derma. Perhaps the only result of this discus~ion. whieb, 
I fear, has }x>cn pm-hed to the point of ennui, i~ that the 
FOTID1cid:e bear much the same phylogenetic relations to 
the Inwem10"t f"milies of Aculeata. and ('<;pccially to the 
Tiphiid.e and Bcth!'lidr. that the ~al Ye"pids bear to 
the Eumeninre and the bees to the family Sphecidz. 

• 
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Our perspective of the remote origin of the Formicidz 
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 ~tudy of the other 
Aculeate families, because ants are the most abundant 
insects in the Tertiary formations. \Ve can trace 
them as far back as the Eocene, but from this period few 
specimens are known. The number from the Oligocene 
and :\Iiocene, however, is considerable, and although 
the described species of Formicidce are less numerous 
than the total number of species of the other Hymen­
opterous families the specimens are so much more 
abundant that our knowledge of the indi\idual forms 
is decidedly more satisfactory. Thus up to the present 
time II,7II ants, representing only ninety-three species, 
have been examined from the Baltic amber (Fig. 28). 
Of these I~61 were studied by :Marr (l868), 690 by 
Ernest Andre (l895), and 9,560 by myself (I9l4). 
Much uninvestigated material from other formations 
has been accumulated in museums. ~Iany years ago 
several American museums loaned me for study some 
8,000 ants from the :\Iiocene ~hales of Floris~ant, 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 monograpbng them with my assi~tance. 
Nearly eighty years ago Ht::cr (lS~9) described a number 
of similarly presen'ed fos,il ants, al,o of :\Iiocene age, 
from the shales of Oeningen, in Baden and Radoboj, 
in Croatia, but his generic allocations are so dubious 
as to be useless. Fortunately a number of his specimens 
were later re-examined and reinterpreted by the cele­
brated mvrrnecohgist, Gustav Marr (lS67). A small 
but extremely intere,ting series of species was described 
in l89l by Emery frum the Sicilian amber of :\Iiddle 
Miocene age (Fig. 27). )lore recently Cockerell (l915, 
192oa) and Doni~thorpe (l920) have de:;cribed several 
species from the Eocene and Middle Oligocene of England. 
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In his monumental work on -- "'lsects, :h 
(1908) listed nearly 300 spec,-_ _ _ _ _rtian' __ : I 
fail to find among them and the species ~ cribed 
more than I&) "\\ith adequate generic deit:rmina.tions, 
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 Boumemouth). They were 
described by Cockerell (1920) as F~ heteroptera 
and a:,cophyl14 barlcmi4u, both from a: ·vings.& 

Although the specimens are undo\! l-,. ~ at ant 
wings, they are inadequate for gel. -,"it10n. 
All we can say in regard to them is that tm, -0-

bably belonging to the most highl-' ._,_: ':_ .Iy 
Formicinz, lived during Eocene ,w 
England. For the sake of the utmost brevity I have 
condensed the available data -- .1 - ..... - :-ene, Oligocene 
and Miocene ants of Europe L on page I16. 

You will notice that the I&) species belong to fifty-four 
genera, twenty-seven or half of which are extinct' 
whereas the remaining half are almost equally dhided 
between extant genera DOW represented by species in 
Europe and other (X - . • • ich are at 
present confined to c _______ . ___________ To the 
latter also many of the extinct genera ar· The 
table shows these fact<: mc· . ,'er 
Oligocene (Baltic amber), wlu_ .. . .. _ .. .. __ :JD 

from which many ants have been ( This 
ic; largely due, no doubt, to the great number and 
very beautiful presp'-'·";r.T, of th~ _ ..... _-;,..,..,."'''. The 
highest number of I :-alian f. 'wn in 
the Sicilian amber (MIddle Mi<>CeDe). in which. of the 
sixteen. species Tf .. ·,_·vr._.;_~ .r ....... r.r_ ~ .. _r_~. eight are 
Indoaustraliap, (: three now 
represented in Europe and other regions. Unfortunately 

I Cockerell comf'~r"s the F. 1mw!JM~" wing with tbat of C'olN><>tJsis 
stricta Jerdon (1: ' cannot 1 

bopsia. like all u '"'1ponotus. 
cell which ill preient m the i~ 5pecimcn. 

• 
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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 I 
have already alluded, the North American Tertiary 
formations have )ielded very few ants. Scudder (1890) 
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referred four species from the Oligocene of Quesnel, 
British Columbia to the well-kno\\n modem genera 
Aphaenogaster, :\IYTmica, Dolichoderus and Formica, 
and Cockerell (I906a) 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 lmects. 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 Boumemouth, England, they are the oldest 
known ants. Three of them were described by Scudder. 
namely Camponotus MUS and L~ fri"'fW from 
the '"'lUte River Eocene of Colorado and Lasius UrreJIS 
from the Green River Eocene of Wy"Olning. I regard 
the generic identifications as very doubtful The other 
three species, recently described by Cockerell (19214, 
1923a, 1923b), are Eoformica eocenica and ATChi",ynJIU 
,ostTatUS from the Green River formation and Fo7'Mic4 
eopteTa 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 Li01Jldofrum pin.qve 
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 exa mina­
tion of the figure is that the specimen is a male, possibly 
of some Formicine. Cockerell believes it to be related 
to <EcophyUa but this is very questionable. He also 
belIeves that hi.:; A Tchimyrme% rostTatus is a Ponerine 
near Prionomyrmex (Fig. 28) of the Baltic amber and 
the living Mynnecia of Australia, but to judge from the 
figure the specimen is more probably a Myrmicine. 
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 Ponerinz. 
Eojonnica eocenica is described from a single beautifully 
preserved anteri0r wing, which is .. dearly 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 re-peet 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 Dorylina! and Leptanillinre al e 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. Kot only were all the castes 
as sharply differentiated among the amber as among 
modern ants, but the workers of some genera (pheidolo­
geton, Pseudolasius, Dimorphomyrmex) may have 
already become pleo- or polymorphic. The larvre and 
pupre, too, which are occasionally preserved, are 
precisely like those of living species. And as I "Tote 
in 11)14, .. 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 1 ridomyrmex goepperti 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 Paussidre (Cerap­
terus, Pleuropterus and an undescribed genus) are cited 
by Kiebs (1910) in his list of amber Coleoptera (see also 
'Wasmann, 1919). That these ants al~o had Acarine 
parasites is shown by two workers of Lasius schieffer­
deckeri in the Konigsberg Collection, each bearing a 
mite attached to the base of one of the hind tibire 
(Wheeler, 1914). These specimens also show that the 
mites had already acquired the peculiar habit of affixing 
themselws to very definite regions of their host's 
integument ". The Baltic amber is, indeed, so much 
like the li\ing fauna that no myrmecologist 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 
regbn'i in the amber. This has, in fact, happened in 
two imtances. Ge~om)Tmex was described by Mayr 
as an extinct genus in 1868, but years later Ernest Andre 
(1892) described a living species (G. chapen) from 

l 
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Borneo, and I have recorded another from Southern 
China (I92Ib). Ernest Andre also first described the 
genus Dimorphomynnex from Borneo and in Y905 
Emery found a species of it in the amber. I have since 
detected a second species in the same formation (19I4) 
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. \\"e have 
seen that the Formicidre 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 th&t no conclusions 
based on the abseDLe of certam geneTa in the amber or other gt"Ological 
for.nations can be of any use in speculatlons on the gh>graphical 
distribution of particular genera at the present time. were it not 
that zO-2lgeogril,p!:1ers arc cDnunually on·rlooking so ob'ious a truism... 
Extremely prcCl0us as are all p,'s:ttt'f pal=ntological data. as:.ertlons 
in regard to the at.'rr.:.e of particular ionus in .. anous parts of the 
world dunng geobpcaJ tune aTe utterly .... orthless. Nowhere is 
the truth of thIS statement mOTe clearly illustrated than amor..g fossil 
insect< and espeCIally amonlor the fos.sil ants. Thr- veTV nature of the 
formatIOns in whIch the fossils occur m;;st ha .... e precluded the pre­
sen'atlOn of lar!=e and slgnl:icant portwns of th~ fau:-.a. Thus the 
amber has entrapped ouly small. 'linak Insects and amemg ants mostly 
arboreal species or such as occ<;.si,~=l]\' foraged on trees. Hence we 
fmj comparatively few fossil :!Ii~TIIllcm.r, C<:rapachyio.r and Ponennz 
which are mc-.stlv tcrriCOlou5, and "ery num('.TOUS DO:lchodenna- and 
Formicm;r, whlCh either 1,,-e in trees ·or art' fond of "IS:tmt: aphids. 
coccds. etc., aD their foliage. The c.Qml':ete absence oj t.he two 
subfam::ies Dorylm<!' and Leptanillm<!' hom the am~r may be 
ex?lal:1ed In the same way, since most of the modern !ijX"oes of the 
former and all the m:>Jern sp!'Cles of the latter are subtf·rranean. 
or h\1X'ga:ic. Of course. it is also conce:\-ab1e t.hat these subfamihes 
rna\' Dot haye be{'n rcpresentf'd in the ambeT forests. The selectl''e 
actlon of the {'nvironment IS shown eyen toter m the ca. .... e of the 
:!Ihxene foss:ls of Flon;;.. ... ant. (lo:>r.lIll:en ... nd RadoboJ. ~e.a.:-Jy all of 
them. unlike the amber lllcluslOns. are mil,les and lnnged or Jl."C.ently 
dealated fe,In,~l('s. and the gee,;C,pcal en.lence Sb0WS that thl' sha1es 
in whIch thn- occur were depc",;te.j lD sha;low lakes into which the 
male and iema:e ants dropped while c('Sccnc::.mg iron therr ~ 
ftig!J:S anj mto whleh the w()r"~rs 'Try ra.elY haptxnfC to be swept 
by .ireshets. Fadure to see this Yen' obnous cxp:anatioD led an 
eminent American ~,·ologist. Joseph Leconte ilE,S4:, to laler that the 
SOCIal habits. m,t:::.cts a::d worker ca.<te had ~en den']C'p!'d lI1 the 
FormiclJa- SI:lce the :!Ihocene epcxh, a:tnoul;'h e"eD a hasty gla::J~ at 
the older O::gocfne ants of the BaltiC amber would ha,'''e (X)n~-w.ced lum 
of the contrary (FIg. z8). 

• • I 
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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 follo..,,-ing table 
from Handlirsch (I913b), 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 :-

q) ca .... u 
<U .0.. ca FAllILIES. 
... 
8. 0 u .. .go e .... 

.0 
u :s ... 

f-< (J) E-t 

6 ~. Pamphiliid<e, Cephidre 179 ! II9 I .... ~ 
>.~ I s: i., Tenthredinida! 1,g641 752 ; 817 

--j Ichneumonida!, Braconict.e, i 
6,644 ~ I ChalcidicLe, etc. Il,OII I 2,953 

.~ 
! I 

C I 

1,181 : ~ i Cynipidre 333 182 ... 
.0 

, 
u l Evaniidre (includ. Aulacid<e) 168 ... 147 502 u 

E-t 
, 

Stephanid.;e, Pelecinidre 10 8 106 

Sapygidre 34 14 5 

I Scolii,"" 148 2i4 592 

~ 380 . 493 1,516 .... :\Iutilhd<e 
'" i 
u 
:; Formicidre 458 597 2,888 
u 
< , 

Sphecidre 1,489 1,461 2,243 

Vespidse 468 i 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 Sapygidz, have a similarly 
pronounced thermophily most conspicuous in the 
Formicidce and the allied Scoliidz and Mutill.idz, which 
are evidently here taken sensu lat,io,e. The Vespidz 
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 HeteJ:1r 
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 
Mutillidce. Apterogynidz, Thynnidce, Plumariidz, 
Methocidce, Myrmosidce and Fed.">Chenkiidce, undoubtedly 
prefer a dry environment. All of these groups therefore 
abound in and some of them are contined to deserts. 
The xerophily of the Formicid~ is less obvious ~use 
it is overlaid by certain other tendencies. \\bile it 
is true that the species of ants are very numerous in the 
humid tropics of both hemispheres, it is aL--o true that 
indi\c;dual ants are almost as abundant in deserts, such 
regions as the sandy pine-barrens of Xew Jer:;ey and other 
places which support a more or less xerophytic vegeta­
tion. They are, moreover, poorly represented by species 
and indi .. ;duals in cool, damp regions like Xew Zealand. 
Southern Chile and Patagonia, ~orthern Europe and 
the Selkirk Mountains of British America. The fact 
that the great majority of ants qest in the ground shows 
that the family was originally terricolous, and this 
habitat makes it necessary for them to avoid all soils 
which are not well-drained. Hence their scarcity in 
wet meadows and swamps and their predilection foe hill 
and mountain slopes, e;pecially 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 arborioolous genera, 
they have ob\':iously 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 tem­
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 ve1}' probable origin, together with the 
Scoliids, Mutillids, Thynnids, etc., on the dry interior 
continental plains and plateaux during the Mesozoic, 
in the ve1}" 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 !'pecies 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 mU5't haw been somewhat like that of the 
Kew Jersey pine-barrens, but with a greater admixture 
of tropical elements. l That the region was mountainous 
was ingeniously shown by Dmer (1912) in his monograph 
on the caddice-fiies (1 richoptera) of the Baltic amber. 
He found that of the thirty recent genera 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 lmown only from the amber, 
passed their larval life in torrents, that seven genera 
with fourteen species lived in 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 

I For an excellent genera.! a.a.ount of the amber fauna and fior&. 
see Berry (l9~7). 
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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 Th}"JlIlirlz 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 Pseudomynninz and 
Dolichoderinz, have abandoned life on the surface of 
the soil and have become subterranean. or bypogzic. 
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 tbe Myrmicinz tMessor, 
Novomessor, Veromes..-.or, 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 Myrmicinz. Pseudomyrminz. Dolichoderirur, 
and Formicinz. and has no representatives among the 
Dorylinz and Leptanillinz and very few (e.g., Neoponera) 
among the Ponerinz. Furthennore. even such exquisitely 
arboricolous genera as Pseudomyrma and Cremato­
gaster contain some terricolous forms. PsetuioMj""'" 
e1egans. e.g., as was shown by Forel, always nests in the 
ground. and there are many Ccematogasters that nest 
in rather dry soil in North America, Australia and 
elsewhere 

If my conclusions are correct, Emery (1920) must be 
mistaken in his interpretation of the sequence of habitats 
in the Fonnicine section Eucamponotini. a group 
embracing the genus Camponotus, with more than 1,000 

described species, sub-species and varieties and several 

1 
• 
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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 (I92Zb). is not arboreal. 
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In Briti5h 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. Ge5omynnex. too. is probably 
terricolous. The types of G. Jwwanli 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 Calomynnex nest in the earth. Of 
the various subgenera of Polyrhacbis all the Australian 
species of Carnpomyrma. Hagiomynna and Cbariornynna 
are terricolous and moreover, like Calomynnex. 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, Dendromynne.x, 
and some subgenera of Camponotus and Polyrbacbis 
therefore <ilone belong wholly below the dotted line in 
Emery's diagram. And when we confine our attention 
to Camponotus we find that the terricolous subgenera, 
Tana!myT1Ilex (=M}T1Iloturba). Dinomyrmex, Myrmoser­
icus. etc., are obviou5ly much more primitive than the 
sub-genera M}T1Ilorhacbis, 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 Ta.ncmlyrmex, 
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 Tanremynnex 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 re'\"eI'Se of the one 
outlined by Emery. I regard as equally fallacious his 
contention that the ancestral ants which gave rise to 
<Ecophylla. Camponotus and Polyrhachis had the habit 
of employing their larvz 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 Formicidre, are still extant and even comprise 
species like Formica flori and Las£us schieffedeckeri, 
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 Crenozoic 
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 Formicidre, Handlirsch (rgo8) and Emery (r92o) 
differ. According to the former, "we must adhere 
to the opinion that the focus of evolution (' Entwick­
lung~herd ') of the whole family Formicidre (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 Xorth America over the 
Eastern and Western land connections of the northern 
herni:ophere and migrated southward from Korth 
America as well as from Europe and Asia". Emery 
conceives a more remote :Mesozoic origin of the family, 
belie"ving that the Ponerinre go back at least as far as 
the Lower Cretaceous, the Dory"linre to precretaceous 
times, and the family perhaps to the end of the jura..-.sic. 
In my opinion even this e:;timate may be too moderate. 
From what has been said of the thermoxerophily of the 
Formicidre it is more probable that they arose in the 
Triassic, if not in the late Permian, which, according 
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to paleometeorologists (Scbuchert, IgI4. 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 larvz 
and pupz, 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 t<H:iay. 

If we postulate so remote a geological past for the 
Formicidz, they would have had plenty of time to acquire 
not only great generic 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 difierent aspect. These problems have given rise 
to much controversy and cannot here be considered in 
detail. Emery, apparently influenced. by H. von 
Ihering and Scharff, has made considerable use of hypo­
thetical transatlantic and antarctic intercontinental 
land bridges to account for the genera now represented. 
only in South America, South Africa, Australia and New 
Zealand, whereas Handlirs.ch (1913a) and I (1917) are 
inclined. to adopt the older view of a circumpolar and 
probably Eurasian origin of the Formicidz 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 lauer contention is sup­
ported. by Handlirs.ch's elaborate statistics of the present 
distribution of 16,100 genera and 180,000 species of 
insects, which show that the e,idence for the existence, 
at least during the Tertiary, of the various land bridges 
postulated by "on Ihering, Scharfi, 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 zoogeographers, the oceans are 
reduced to a few small lagoons. This would necessitate 
an entirely different present and past distribution of 
marine org~ms 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 N"earctic fauna naturally predisposes 
American naturalists to defend the hypothesis of a 
boreal origin of organi5ms and their southward migration 
to other parts of the world 'without the aid of other 
land bridges than those between Alaska and Eastern 
Asia and between Eastern Korth America and Europe. 
~t the present time the most emphatic champion of 
Ihis view and opponent of the bridge-builders is Dr. 
W. D. Matthew (I915), 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 ~upport for the contentions of Hedley, 
Ha<:;well, and others! 

In last resort, of course, the geologists of the future 
v.-ill decided whether the land bridges of the earlier 
geologists and the zoogeographers of the von Ihering 
school have really exi~ted. If we may judge from such 
recent very interesting work as that of Kober (192I) 
on the structure of the lithosphere, there is no geological 
evidence for the existence either of the bridges constructed 

r Kolbe (rgr3) and I have been taken to task by Emery for regarding 
the insect fauna iincluc!ing the ants) of Australia as essentially 
:<.Iesozoic. \Yhile it is well known that this fauna comprises also a 
certain number of Papuan and East Inlian eiements. there is no proof 
that they did not enter ,-\ustralla before Tertlarv times, &huchert 
(I916) sa:ys: "\\'e must, therehre, conclude that Australia has been 
an Island continent at least Since late Eocene times, for it is since 
then that the placental mam!":uh have elsewhere dominated all other 
land life ". And Longmans gives good f",asons for assuming that the 
Marsliplals have had a long and peculiarly local pretertIary evolution 
in .\ us tralia. 
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by von Ihering for the Tertiary or of similar intercon­
tinental landmasses during the Mesozoic. Kober 
concludes II that without any doubt the six large COD­

tinental masses, namely North America. Eurasia. South 
America, Africa, Indoaustralia and Antan:tica have 
existed permanently since the lfesomic", And the 
same conclusion may be drawn from his c:nndem5c:d 
description (p. 283-284) of the continents during the 
Mesozoic. He does, however. assume the existence of 
two "hypothetical" land-masses in the Pacific, one 
with its present centre in Hawaii and one in the Southern 
Hemisphere, but both are small and very far from am­
stituting land-bridges. Such connections become quite 
unnecessary OD the very different theory of the dis­
placement of the continents during geological time 
as advocated by F. B. Taylor (I910), Wegener (1924). 
and Daly (1926). Wegener conceives the continents 
to have formed a single landmass as late as the Uppel" 
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 expIa.inin« 
the present geographical distribution of many organisms. 
such as the Formicidz. would vanish, 

• . , 
• 
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THE EVOLUTION OF TERMITES 

ONE of the most striking peculiarities of the various 
groups of social wasps, social bees and ants surveyed 
in the preceding lectures is the constant recurrence 
in all of them of the '>arne 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, an 
the social Aculeates are derived from solitary Sphecoids 
and Vespoids and I have attempted to trace both groups 
back to h},1X>thetical 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 Vespidre than are the Vespoid Formicidre, 
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 :-

(I) 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 
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female and the male is reduced to a mere 
fecundating agency. Owing 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 oontrol 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 specializat:ion or adaptation 
as far as the plasticity of her constitution 
will permit. The male, apart from rather 
slight specific modifications, is condemned 
to stability of structure and monotony 
of behaviour. He is, therefore, the conserva­
tive sex. the SUt&S sequior. 

(2) The storing for the offspring of insect or vegetable 
food by the solitary Vespoids and Spheroids. 
This may be regarded as a prospective or 
potential social activity since 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 c0-

existence of the parent with the aduh 011-
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 activitiec; 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 Aculeate'5 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 
supeI"'iede the sting as the main organs of 
defence, as Roubaud (IgI8) has shown. 

The more signift(Alnt 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 tht" 
consequent physiologica1 division of labour, are the 
following : 

(I) 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 modification. 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 tum 
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 not 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 accumuJation of objects, thoughts 
and acts and all that they imply-mores, institutions. 
languages, inventions, capital. art, science, etc. In 
his book entitled .. The Manhood of Humanity", Count 
Korzybsky (1921) has aL"O 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 anima) 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-caJled instincts 
and the results of their operation. But this must have 
been true also of the earliest stages of human society. 
On the material plane savage communities are still 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 
c;eem to have been unable to modify, and that was the 
status of the male. In all their societies this sex taka 
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 Formicidce although they may be 
treated with solicitude by the worker personnel. Thus 
when the nest of Lobopelta elongaia is disturbed, the 
males are seized and carried away by the workers. At 
such times the males assume a rigidly immobile attitude, 
"ith their appendages and wings folded in the pupal 
posture, and are carried under the bodies of the workers 
in precisely the same manner a" the larvre 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 COloDy. 
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 anyone 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 Formicidz, 
they are all social 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 rme is accompanied by a king. both 
lose their wings before establishing the colony and after 
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 
resemblance-. are merely convergent, or parallel 
developments. When we come to <;tudy 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 Brulle. 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 (1:909-1913), 
Escherich (1909, 1:911), Snyder and Banks (1920) and 
Hegh (11}22), which contain such an amount of informa­
tion that I refrain from attempting to compress a sJuopsis 
of even the most important data into this lecture. 
Hegh's very recent comprehensive and profusely illus­
trated volume, " Les Termites," Part 1, furnishes just 
the reading I should desire for the student who is interested 
in this course. As in previous lectures, I shall ronfine 
myself to a discussion of certain evolutionary problems. 

DO\\"Jl to the present time somewhat more than 1200 

species of Termites have been described mostly from 
the wannest portions of the tropics and more tbaI1 one-­
third of them from the Ethiopian Region, i.e.. 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.1 At present the 
delimitation of the main groups and their names are 
somewhat unsettled. Holmgren recognized three families. 
which he called the Protermitidz, Mesotermitidz and 
Metatermitidz.s They embrace respectively the most 
primitive, moderately specialized and most highly 
specialized forms, but, unfortunately, his family names 
are in valid and have had to be abandoned because 
there are no generic names corresponding to them.' 

His Protermitidz are now separated into two families, 
the Mastotermitidz and Calotermitidz and Banks 
and Snyder have united his Meso- and Metatermitiillle 
in one family, the T ermitidz. H the separate rank of 
Holmgren's two families is to be maintained, the 
Mesotermitidz would take the name " Rhinotermitidz ", 
while the term II Termitidz" would be reserved for the 
Metatermitidz. To these Sj5stedt (1925) has recently 
added the Hodotermitidz, formerly included among 
the Calotermitidz. The Mastotermitidz and Caloter­
mitidz, 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 Formicidz an 

I Dr. Alfred Emerson has kindly ascertained for me the total number 
of termites described to date from the vanous regions of the globe. 
There are 123 genera and su b-genera comprising 123;' species. Exclud­
ing those with o\'erlapping distnbution and unknown habitat, the 
species are distributed as follows; Ethiopian 452, ~lalagasj' 38. 
Indomalayan 272. Papuan 30, Australian III, Palearctic 22. :Searctic 
34, Neotropical 282. 

2 This was Holmgren's classification as published in 1910 in the 
.. Zoologischer Anze:ger ". where the Mastotermes group is treated 
as a sub-family of Pr0termitirl ;E. In his monograph (191 r:' he accepted 
Silvestri's view (1909) of the family rank of the }Iastotermitidz. 

, There is a genus Protennes. but it belongs to Holmgren's 
Metatermitidz. 
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obvious and significant increase in the size and poly­
morphism of the cokmy and the complexity of behaviour 

/
.. as we pass from the primitive genera, especially among 

the Ponerinre, to the more speciaIized genera of this and 
the other sub-families. The same is in general true of 
the tennites, the colonies of the Mastotermitidz aDd 
Calotennitidz being usually smaDer and less definitely 
polymorphic than those of Termes and Eutennes, the 
highest genera of the Termitidz.. 

The Mastotermitidz ~ represented by a single living 
species, Mastotemces ilanftttit:JSSi.s, described by Froggatt 
(r8<}6, X9OS) 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 errlJlnnuit&s. 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 (1904) and later 
Silvestri (I909) and Holmgren (19II) studied Mastotermes 
very carefully and found it to be a veritable S)'1lthetic 
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 Pennian and gave rise to two branches, one termin­
ating in the Blattoidea, or OlCkroaches, the other in 
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 tennites, 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 1(20). According to Silvestri, there is a 
true soldier but no true 'A-orker 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 Calotermitidz 
would seem to support Silvestri's interpretation. Holm­
gren and Jucci (1924) have shown that the hypodermis 
of Mastotermes has the same peculiar structure as in 
Blattoids. and Jucci has found that the fat-body has 
bacterioc}1:es containing symbiotic bacteria like those 
described by Blochmann. myself and others in the 
roaches. Cleveland (1923b) and Jucci have also 
sho'wn that the hind gut of Mastotermes rontains 
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 com­
prising sixteen to twenty-four eggs. cemented togetheJ 
laterally in two parallel rows" (Fig. 29). a condition 
strangely reminiscent of the arrangement of the eggs 
in the 06the<:<e of roaches. 

The Calotermitidz. which are somewhat more special­
ized than the Mastotermitidz comprise a number of 
genera, several of which form small colonies in rather 
sound wood and make DO true nests. Miss Thompson 
(1919) has sho'wn 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 IIlID.; Calotermes 1.2-

1.4 m.m.; Cryptotermes 1.2-1.3 mm.; Neotermes 
1.6 rom. I shall consider very briefly only the three 
most primitive genera: Archotermopsis. Termopsis 
and Calotermes. 

A rchotermopsis W1'O'UghJoni. which is the sole living 
representative of its genus and inhabits the North-Western 
Himalayas at altitudes varying from 4.000 to 9.000 feet. 
has been conscientiously studied by lmms (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. 
Eyes are present in all the forms. though small in the 
soldier. The eggs are few in number and of large size 
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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 aU 
other T ennites. The reproductive system exhibits no 
indications at degeneration, or arrest of developlllfDt 
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 in 1Iastotennes, 
T ennopsis and Hodotermes but in no other termites 
and the styles and cerci are very long, the latter being 
six to seven jointed. hnms calls attention to a number 
of Blattoid traits in A. wroughtoni. e.g., the structure 
of the digestive and reproductive organs of both sexes, 
the presence of czca in the midgut, not recorded for any 
other termites, eight Malpighian vessels (the number 
in young roaches), the structure of the salivary glands. 
salivary receptacles and the hYIX>pharynx. the 
resemblance of the vesiculz seminales of the male to the 
mushroom gland of roaches, the spines on the tibiz. etc. 
Cutler (1921) has called attention to the fact that the 
intestinal Protozoa of Archotennopsis are of a mote 
primitive type than those inhabiting the intestines of 
higher termites. t 

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. 
4ng'Usticollis and nevadmsis (Fig. 54), have been carefully 

J .. In all the protozoa examined from the got of A.,..Ji~ns 
llIroughtont the nuclear di"isioD is ver .... different from that found ill 
related species. Further. in Dih-ichomPJlas U .... ltiS the nucleu dh-ision 
and the locomotor comple~ is of a more pnmiti''e nature than that 
described for other Tnchomonads: a statement probably true fOl" 
loenops:s polytrlcha and PsNUiotric1lUflY"'PIw. pnm .. a. It appea.n 
that the protozoa to which AniwtennC'pSls frP"OtI€lltoni is bost are iD 
general more pnIDltlve than those inhabiting other spt'cies of tenItiUs. 
lmms descnbes A. u'r. as' One of the most primitin' of living teTmites '. 
The assooauan, therefore, of primitive parasItes or' gue.sts '. wtuchever 
~e case ~ay be, with a primitive host is extremely interesting. U1d 
U suggesu"e that the two groups of organisms ha ,·e remained UIIOciated 
together for a long period. neither haYing developed into more complex 
specles, as has occurred with other termites ILIld their a.oci&ted 
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 develo:(r 
ment has not been followed. They often possess small 
wing-vestiges like those of the fertile A1'clwtermopsu, 
figured by Imms and the soldiers of Calote'T7MS occidentis 
(v-itk infra). Miss Thompson (1922), who also studied 
Termopsis, believed, on what now seems to be insufficient 
evidence, that the soldiers are always infertile. 

Caloterrnes has been investigated by Grassi and Sandias 
(1893), Heath (r<}n), 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, is indicated by Grassi's 
observations and by Snyder's statement (1924) that in 
the most primitive and largest species, Caloterma 
occitientis 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 T ermopsis 

r Heath's former estimates of colony growth in Termopsis were too 
great. In his latest paper (19.z;) he says: ., Royal paiN ha.ve been 
found of such size and in burrows so spacious (that) at least one year's 
residence is indicated, and yet they were without offspring. On the 
other hand. other colonies, taken in the same general period (the fall 
of the year) and in fa .... ourable sttuations. compnsed as many as twenty 
inhabitants. By the close of the second year. thIS number is doubl~ 
in the case of T. net'adensis. averages upward of one hundred the 
third season. and increases to Illore than 400 by the end of the fourth 
year. There are also six records of colonies ranging in nOlllber of 
individuals from 786 to 1,120; these maf be in their fifth year. Four 
other COlonies vary in number fWIll 2.:zI3 to ::,831, and may be in 
their si~th year. .-\ few other cOlllIllunities, close to the 3.500 m.rk 
in oumber of inhabitants. have also been examined when the extent 
of the burrows strongly suggests an occupancy of an even longer 
period than six years, although definite proof is lacking. All of thes.e 
communities were headed by the original king and queen". 
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soldiers found by Heath (Fig. S4b) and the normaDy 
sub-apterous soldiers of CI1lcIentes ca:idnflis poUlt 
to the same conclusion.. Probably a study of fresh 
material of Mastotermes ~ wiD. show that 
also in this most primitive of termites the soldiers an 
always or at least occac;ionally fertile. In the African 
Hodotennes and the Japanese Hodotermopsis, which 
were formerly 2lso included among Calotennitids, a 
worker as well as a soldier caste has been developed 
and we therefore have the typical number of castes of 
the Termitidz, or higher termites. In the latter, 
however, the soldiers and workers are always sterile 
and in Termes even complemental royal forms seem not 
to be developed. 

\\'hen we tum to the paleography of the termites we 
find that they are recorded from nearly an the Tertiary 
formations in which ants have been preserved but 
that they are still unknown from the Mesozoic. Hand­
lirsch (lgoS) cites quite a number of fossil species. 
More recently von Rosen (I913a) and Snyder (1925) have 
pu blished revisions of the known forms with very 
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 
ha ve been considering, namely Mastotermes, Archo­
termopsis, Termopsis and Calotermes and to closely 
allied extinct genera. Thus the only termite recorded 
from the European Eocene is M~ bowtu­
mouthensis, from Boumemouth, England. Two other 
species, anglicus and batJ&eri, are described from the Midd.1e 
Oligocene of the Isle of Wight and one, M. aOtJtictlS. 
is recorded from the Miocene of Radoboj. Von Rosen 
also interprets Scudder's Eutermes foss""""', 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 Mastotennes wiog 
which he had found in the Lower Eocene of Tennessee, 
and which has since been described by Collins (1925) 
as M. 'II1Jseeleri. 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, Miotennes, 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 (A. tomquists), 
a genus which, as we have seen, is now restricted to the 
Himalayas, and three extinct genera allied to Archo­
tennopsis and Termopsis, namely Xestotermopsis. 
Proelectrotennes and Electrotennes. Furthennore, the 
four species of Parotennes from Florissant, three 
described by Scudder (1883, 1890) and one by Cockerell 
(1913), are obviously related to Hodotermes, now confined 
to Africa, Central and Southern Asia, and also belonging 
to the Calotermitidre. Cockerell (1916) has described 
a Termopsis swinhoi from the Burmese amber (Miocene). 
This genus is now restricted to Western North America. 
Von Rosen has recognized a true Calotennes (C. tEning­
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: Odcmtotermes pristinus 
from Radoboj, Eutermes jraasi from Wiirttemberg and 
two species of Termes, obscurus and croaticus, from 
Radoboj, and the generic references of some of them 
are doubtful. Of the lower Termitidre the modem 
genus Leucotermes is represented by one species (L. 
harlingi) in the Miocene of Europe and one in Colorado 
(L. meadi). 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 Termitidre 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 tCHiay the 
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Termitidz 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 terIDites and suggest that 
they must have originated at least as far back as the 
Mesozoic. There is nothing to prove that they may 
not have begun their evolution in the Permian, when 
the last Protoblattoids became extinct. Hand1irsch 
(1903) derives the termites from Blattoid stock. in the 
Cretaceous, but this is probably too recent. Warrm 
(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
tennes, 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 1#. 

I also quote his general conclusions in regard to the 
present geographical distribution of the lsoptera. 
because they agree in the main with those suggested for 
the Formicirue 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 ~orth America, 
North India, Japan and China, along the 
Northern boundary, and Australia in the 
South, possess such a fauna. 

(2) Africa possesses the highest termite fauna., 
since it contains a greater number of species. 
and has a larger percentage of species belong­
ing to the more specialized genera 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 difieIent regions 
should be taken into account. If such is 
done the broad results would not be essentially 
changed, since it may be noticed that in 
the relatively small area of the Malay Region 
some I8S 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-Ma1ay 
region, which inclndes the Indian Peninsula. 
Assam, Malay Peninsula and the Malay 
Archipelago. These regions possess a greater 
proportion of species of less specialimi 
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 200. 

(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 T emres and 

E utermes 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 
Bebring 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 tbe 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 remnant 
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 Porotennes, 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 Calotennes, 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 rome to 1ight 
and because most of them suggest that even the most 
primitive insects in past ages may have manifested social 
proclivities. That societies as complkated and as 
highly integrated as those of the termites rould arise 
among such archaic forms confirms the conclusion. 
not so readily inferred from the richly endowed Aculea.ies. 
that simple physiological and instinctive activities may 
be quite sufficient to produce and maintain veryelaboraie 
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 briefly discussed seriatiM. 

(I) 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 ootheca nevertheless some­
times show a vague approach to the social habits of the 
termites. One of the best examples is Cryptocerctl.s 
punctulatus, our sole North American representative 
of the sub-family Panesthirue. 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 (1917) 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 alwavs occurs in similar situations 
living in colonies consisthtg of the parents and offspring: 
eating their way like termites through the dead sa.p-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, Palyzosteria 1WOt:8-Seelandia, with very similar 
habits, though sub-apterous and belonging to a different 
sub-family, the Blattinre. Snyder (1924) calls attention 
to the fact that in the roaches of the genera Salganea and 
Panesthia II 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 tennites this suture 
is also often poorly defined ". He also says that .. it 
is interesting to note that roaches and termites mate 
in 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, Emma major (Fig. 33), which is nearly an inch 
long, as follows: .. Maternal care on behalf of the 
ova and young larvre 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 Emma 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 tab up the 
same attitude. When the young larvz are hatched. 
they remain around the parent female, who oonceals 
them, so far as she is able. by means of her body. very 
much after the same manner as a hen guarding her brood 
of chickens". . . . .. As the 1arvz approach their 
second stage of growth. they exhibit a tendency to 
wander away from the female and construct small tunnels 
for themselves. They are mar.kedly social. the whole 
of a brood living together within a oompiex silken mesh­
work of tubes". 

(3) The Dermaptera, or ea.rwings, are so well-known 
that I need not dwell on their behaviour. A oouple of 
recently published figures (Figs. 30 and 31:) are here 
reproduced to show the female of the common Europeall 
F orficula 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 (I917> and Fulton (I924b) have published good 
accounts of its habits which are very similar to those 
described by Bennett (1:904) for A 1Iisolabis 1IUII'iti .... , 
which has also been introduced into North America. 

(4) The order Zoraptera remained unknown till 19I3, 
when it was established by Silvestri on a single species 
of the genus Zorotypus. Several additional ~orms 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 one 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 vicinit) 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 adult'5 have well-developed eyes but the apterous 
adult'5 are blind. The venation of the wings is 'ftIY 
unlike that of termites, and the tarsi are two-jointed. 

• • 
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FIG. 34. Young king and queen of HoJolrr",u lurlr.ulaNclU beginnjng to dig 
their burrow in the oil after the nuptial fljght. (.\fter G . Jacobson.) 

FfG. 31. LLwottrmu lemhI of the Bahamas. 
c. Physogastric queen. d. King. 

X 1.. a. Worker. b. Soldier. 
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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 t\\ilight 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 follo\\ing 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-cell 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 (1902) and Feytaud 
(1912). In the course of time the queen of the higher 



THE EVOLUTION OF TERMITES 153 

termites is known to become enormously ph:rsogastric 
(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 of doing. 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 de::-cribed in detail the somewhat similar 
courtship and copulation of our common roach, Ph'l'I)'o­
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 roles 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 Blatt ids. 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 trinervius, if attracted by 
illuminating a white sheet, alights, and both sexes deaIate 
after meeting. If some are captured at once before 
meeting and placed in a tube, they do not dciilate. 
Some, so captured, have been kept over four days alive 
in confinement, and whilst a few dea.lated, or, to be 
more correct, lost their wings, no attempt at pairing 
was made. The same holds good of the dusk-flying 
Termes incerlus, 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 larvce and pupce 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 "neotenia" 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, pseudog}nes, 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, carnivorous 
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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Plm XXIII. 

FIG. 36. . fushroom ~rdens of AranJhol",,"s ",iJilaris from a nest at Maida, 
Belgian Congo. TIle white dots are the food bodies. (Photograph by H. O. 
Lang.) 

FIG. 37; Damage by CdoI"nJU hNbbarJj to raft~rs in an "adobe" building in 
Arizona. (After~. E. Snyder.) 
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FIG. 38. A small ~[yrmicine harvesting ant of Texas, Phtidolt inJlabilis, with 
polymorphic worker ca teo a. Soldier. f. Worker. b. to e. Forms intermediate 
between the soldier and worker (lacking in mo t other pecies of the huge 
genus Phcidole,. g. Queen (deiilatcd). h . .\[a1e. The Figures are all drawn 
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to the same scale. (Su 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 Termitida! the agglutination of earth, fa!Ces, 
etc., to form 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 
is true especially of the predatory Ponerina!, e.g., 
Megaponera fcetens, Paltothyreus tarsatus and Eupom:ra 
senaarensis in Africa, Xeoponera commutata, Pach_vcond_vla 
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 \\"ithout 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 N eotropical army 
ants (Dorylinre) of the genus Eciton. The African 
Dorylines, Anornma, Typhlopone, Rhogmus, etc., howeyer, 
seem to be very fond of them. There is a host of species 
(Carebara, Predalgus, Aeromyrma, 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 partially or completely out of their nests and 
takes possession of their galleries. In Australia this is 
the regular habit of I ridomyrmex 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 Termitidre. 
One who has witnessed this incessant and implacable 
warfare between the ants and termites of the tropics can 
only wonder whether eventually the former may not be 
destined to exterminate the latter. 

Reverting, in conclusion, to De Grange's definition of a 
society as an accumulative collecti,,;ty, we see that the 
most conspicuous accumulative acti,,;ties, at least in the 
higher termites, are architectural and the res;ult of their 
ha"mg early res;orted to a food-supply which was abundant 
and readily obtainable but not easily assimilable. The 
peculiar food also furnished yery simple conditions in 
which to establish their colonies, originally in all prob­
ability like thos;e of various subsocial beetles (Passalus, 
Phrenapates, Parandra, Coccidotrophus, Micromalthus, 
etc.)! All of these insects live in cavities of plant tissues. 

I On re-reading an interesting paper by Lameere (1909) since this 
paragraph was written, I find the following slmllar but more detailed 
account of the hypothetical origin of the termite colon .... : "Let us 
endeavour to picture in imagination the roaches adapting themselves 
to a woody diet and tunnelling the tree trunks v .. hich 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 I The ootheca 
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 bv the mother and the great advantage of the father's 
co-operation in this activity is obvious. \\"e 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 larv.:e". 
We should now have 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 (I9J7a). 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 zoologists apply the term in its 
broadest sense grade insensibly into those of variation, 
mutation and metamorphosis, of alternation of genera­
tions (heterogony), p<edogenesis, 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 coexist, it includes, of 
course, sexual dimorphism and the differences between 

r6r 11 
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young and adults, but as employed by entomologists, it 
is properly applied to the coexistence of two or more 
adult forms of the same sex, the "precilandry" and 
" precilogyny " of de Peyerimhoff (1897). There are also 
polymorphic larval forms, cases of what Giard (18g1. 1894. 
1905) called "precilogony." I 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 
offspring 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 zoological 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 polymorphism 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 knov:n 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 Cynipidc:e, in which ampherotocy 
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alternates with bisexual reproduction and including 
the Bethylidre, 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 Winkler s work was published. 
After breeding many thousand individuals of H abrobracon 
brevicornis, Whiting (I92I) 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 (I922) asserts that the 
fertilized eggs of C~isosoma gelechia, a poly embryonic 
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 Gypsy 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, Apanteks 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 Hemitdes tenel/us 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 Apantdes 
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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(Pam.), which is not clearly distinguishable from tenellus 
morphologically, and of which tenellus has sometimes been 
regarded as a subspecies or variety, occur abundantly in 
museum collections. Having the opportunity, during the 
summer of I924, 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 A panteles 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 alway., 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. ~Iales of the thelytocous species have 
not been encountered or at least have not been 
recognized.'" Picard (I922) has also studied two of the 
European species of Hemiteles, julvipes and longicauda. 
The former is a general parasite, attacking other parasites, 
especially Apanteles spurius, various lIicrogasters, some 
Tenthredinidce (Blennocampa pusilla) and apparently even 
the eggs of spiders. The virgin females produce only 
male offspring. H. longicauda, which is a hyperparasite 
of Apanteles glomeratus, however, is regularly, if not 
exclusively thelvtocous. 

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

I The observations of Muesebeck and Dohanian have been recently 
published (I9Z7). 
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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 ..tpis meUifica 
(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 (r888), Miss Fielde (1901), Janet (1909), 
Tanquary (1913), and myself, but there are exceptions. 
Tanner (1892) claimed that in his artificial nests workers 
of the large leaf-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 niger workers. The instances adduced 
show clearly that the phenomena of parthenogenesi" have 
no necessary connection with polymorphism 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 
Bombime, :\1eliponina!, Apina! and Halictina!. 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 
Vespidre exhibit a very gradual evolution of the worker 
in the five social subfamilies. In the Stenogastrinre and 
some Polybiinre no worker has been detected; in other 
Polybiinre dissection alone reveals whether a female is 
functioning as a worker, i.e., behaving as a sterile 
individual, or nurse. In the Ropalidiinre and Polistinre 
the workers differ little externally from the queens but 
in the Vespinre 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 

1 As a physiological caste among ants the plerergates, or .. honey­
pots" of various species of Myrmecocystus (Fig. 60), Prenolepis, 
Plagiolepis, Camponotus, Melophorus, Pheidole, etc., in arid regions 
rna'." be cited. These are wOlkers or soldiers which are at first indis­
tinguishable from other members of their respective castes but event­
ually become sluggish and acquire a great distention of the crop and 
abdomen as the result of storing liquid food. The gynlEcoid workers, 
which develop their ovaries and assume the role 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 Vespidce, Bombinre and Halictinre 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, 1897) " nutricial castration" (from nuin'x, a nurse) 
would go far towards accounting for the phenomena. It 
will be recalled that he gave this name to functional 
atr(Jphy 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 lan-reo 
Nutricial castration, of course, leads to "alimentary" 
castration, i.e., the inhibition of the development of the 
reproductive organs in the lan-re 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 larvre 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-kno'wn physiological and instinctive processes 
peculiar to the social medium. 

\Vhile the worker caste in wasps and bees seems to 
acquire its sterility gradually and before or during its 
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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 
neotenies and sup-apt emus 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 Formicidre 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 Ponerinre, 
Cerapachyinre, Dory-tinre and Pseudomyrmince, 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 Bethyloidea, 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 Formicidce 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 ill nourishing her ovarian eggs and in 
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lengthening her life till the wingless offspring emerged. 
Janet (1907) and C. Perez (1912, 1920) have, in fact, 
shown that dealation is actually followed by these 
processes in ant queens after their nuptial £light. The 
next step was the reduction of the apterous fertile females 
to the rank of workel'5. 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 Dorylinre, many Ponerinre and Cerapachyinre, 
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, Onychomyrmex, 
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 
C.ynipidre. At first sight there would seem to be little 
to recommend this hypothesis, which wac; long ago 
suggested by Steenstrup and von Siebold, but it is 
supported at least by Stockhert's observations on the 
social Halicti (1923). Obviously, H alictus malachuTus 
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 sun;val 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 Polybiinre, c;eem to me to present an 
insuperable obstacle to ~frazek's hypothesis, because they 
are so closely related to and so naturallv derived from the 
solitary Eumeninre, in which there i~ no hint of the 
occurrence of an alternation of generations. Nor do 
Mnizek'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 precilogyny and precilandry 
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 Lucanidre, 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 neotenies 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 (Chalcididre) of the genus Philotrypesis. as 
described by Grandi (1921. 1923. 1925). The heads of the 

I After measuring series of soldiers and workers of A " "In ma Iligricans 
and Camp"" l;ts g'gr Julian Huxle, (19271 cqnducJes that this resem­
blance to the pceciJandry of Lucanids and other animals (o'le)z of crabs 
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various males of Ph. erythrcea 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 precilandry of 
Philotrypesis may become even more complicated than 
the precilogyny of ants, e.g., in Ph. min uta , 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 polymorphism (" precil­
ogony ") in the larvce 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 (1906) found that there are two 
very different types of lan'ce in the polyembryonic 
Chalcidid Litomastix tmncatellus, one possessing repro­
ductive organs and developing into the adult insect, the 
other (" asexuallan'a ") without reproductive organs and 
dying without further development. The same types of 
lan'ce were later found by Patterson (1918, 1921) in 
another polyembryonic Chalcidid. Paracopt"dosomopsis 
floridana. Among the cases of precilogony, Giard briefly 
referred to the pcroogenetic Cecidom~ids and Chironomids 
as "determined in part by the primary factors of 
temperature and food." The more recent studies of 
Springer (I9I5) and Harris (I923. I924) have demonstrated 
antlers of stags, hocns of Titanotheres, etc.) can l't' expres~ed a~ a 
math(ma~ilal e'iuation namely v = bxk in.which v ~- the orl'iLIl 
mea~ured. x ,., the rest ;;f the ~y and b a:nd k are cOIistants 
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that the larvce of the Cecidomyids of the genera Miastor 
and Oligarces are distinctly trimorphic. Springer calls 
them "typical p<e<iogenetic," "vagrant" and "pupa 
larvce " respectively, and believes that their peculiarities 
may be due to differences in the external conditions. 
Harris designates the same three types as " typical white 
p<e<iogenetic," .. yellow predogenetic" and " pupa 
larvce." The last develop into adult flies without 
p<e<iogenetic 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 larvce that have been produced by p<e<iogenesis 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 pcedogenetic larvce in 
respect to the sex and pupa: and adults which they 
produced, (r) male producing and (2) female producing. 
These two types of pcedogenetic larvce are not morpho­
logically distinguishable." This would seem to mean 
that there are really six kinds of larvce, 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 edual'di) and 
exclusively apterous forms in a few genera (Anergates, 
Fonnicoxenus, 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 Formicidce 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 



Plaff XXI'. 

B 

G 
F 

If 

\{?~ \ \1 
\J~. 
'\ 

""'.~ II 
FJ(~. "9. (_.l"-fL· ... (If .1'1 \f,..;C.Hl drl\"l.'f .I1H, I)" ,,'JlJ /"/:"/;u, drawn unJl'r .... nne 

nl<ll!nitic.lflon. II T11er\.) \. 1·{.::11,lk tJll.._-hth.tdlll:\T1L' In J.lf'ai \iew. 

R. Pr!)t:ll' \ic" r,f ...,.l!ll~' .• L \·I..· .... T:~l' I,f l\\.._', l~ .. \:-:d l. \·L ... tl~C'" lif \\in,~~. 
J. \1l'T.lthl'L1CIC 'ti!....'rr~,l (. \\ ,'rkL'r !luil1f. I). \\ "fkl'r nlH~·\n:,L I', \L.k. 
F. Tip fIt" ~.t'tLr I,f fl'C':lk 111 r'r"t~k (r. rq ... (,f ~.l"'h:r Ilf fl...'Tllak I). turu;!r.r 
in Jor,,,l \lC\\". II. ~<l!rc III pr' tile. '\ftL'f L hn,n.\ 

• • 



XXVI. 

FIG. 40. Sections of ~ of recentlv hatched tennites to show relati .. e size of 
brain and eyes. A, C and E just-hatched teproducti .. e fonns. B, D, F, just 
hatched worlter-soldier fonns. ",b. Mushroom body of brain. 01. Optic. lobes. 
d. Antennaty lobes. (After Caroline B. Thompson.) (S~ p. 182) 

c 

FiCo. 41. Phragmotic heads of Cryptorerrnes soldiers. a. C. carifrrms from above. 
b. In profile. c. C. brr,.iJ, sbowing tuberculate surface of front. (After Banks 
and Snyder.) (Set p. 188.) 
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members of this series are described as " workers major .. 
and " minor," or " maxima," " media," and " minima .. 
(Camponotus, AHa, Pheidologeton, Dorylinre, etc.). 

(5) Of the series in stage (4) the maxima and media 
workers alone survive and the former is converted into a 
soldier (Macht1!Tomyrma bomb}'cina). 

(6) The medire, or desmergates connecting the maxirrue 
and minimre of stage (4) are no longer developed, so that 
only the extremes persist. The maxima is then known as 
a solclier (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 role, while the minima alone repre­
sents the worker caste. This stage is problematical but 
seems to exist in some species of Pheidoleand Oligomyrmex 
(Ph. lamia and O. panamensis). 

(8) Only 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), Predalgus, many Solenopsis, etc.). 

(ro) 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), Eprecus, Pseudoatta, etc.) 
is scarcely larger than the male. 

\Ve 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 (ro) 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 Termitidre. The nest is connected with the 
chambers of the termites by very tenuous galleries, too 
small to permit the termites to pass but pennitting 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 monotypic 
Anergates atratulus (Fig. 78), which is a permanent parasite 
in the colonies of the common European T elramorium 
c(Xspitum, 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 resthetic 
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 ~Ietazoan. 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 beha viouristic 
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 sterile 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 (1909) 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 
",ithout worker aid. In the ants most queens exhibit 
a beha'Viour and brain capacity like that of Vespa, but 
some queens, mostly parasites in the colonies of other 
species, are deficient in beha'Viouristic 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 (I874), Pietschker (I9IO). 
Ziegler (I9I2, 1920) and Brun (I923a). Forel first 
advanced the generalization (I874) that the brain of the 
worker ant is superior to that of the queen in his studies 
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on Lasius fuliginosus, now known to be a temporary 
social hyperparasite of L. umbratus, which in tum is a 
parasite of L. nt·ger. And although I called attention to 
this fact, Brun has recently reached the same conclusion 
as Forel, mainly from a study of L. umbratus! Miss 
Thompson's researches on three species and genera of 
non-parasitic ants, Campanotus pennsylvanicus, Formica 
schaufussi and Lasius americanus, support the opinions 
which I advanced in IgIO, although she finds that the 
brain of the F. schaujussi queen is degenerate compared 
with that of the worker. She summarizes her results as 
follows :-" The queen brain seems to me to represent 
tte 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 (I) 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 
Lasius 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: (I) 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 Erun on the other are difficult to explain. 
Two of the species investigated by Pietschker and Miss 
Thompson are really identical (Campanotus pennsylvanicus 
and lignipeTda being subspecies of C. heTculeanus and 
Lasius americanus a variety of L. niger), and all of us used 

1! 
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material in the same stages, i.e., late pupre before pig­
mentation. I mention this matter because Holmgren 
(1909) has shown that the brain of the old physogastric 
queen of Eutermes chaquimayensis shrinks to two-thirds 
of its size in the virgin queen, showing that profound 
involutionary changes occur during the imaginal ins tar. 
Not improbably similar changes may occur in the brains 
of deaIated 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. schaujussi 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 \lith companies of 
workers, we should have a condition like that of the honey­
bee (or rather like that of the Meliponime) and we should 
be able to account for the smaller and more degenerate 
brain in the queen. I 

I I have been criticized by Fore! (19ZI-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 (19Ioa). 
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 ha~'e been consulted by investigators of the insect brain. it 
is only fair to glance at its contents. Before its publication. Hamaker 
(1898) ha.d shown that there are corpora pedunculata in the brain of 
the Polych;Ete Annelid _\"ereis virens and Dietl (1876). Berger (1578) 
and Viallanes had noticed their occurrence in Decapod Crustacea. 
Turner also found them in Annelids (~ereis. Polynoe. Lepidonotus) 
and Decapods (Cambarus). His figures show that they are much more 
highly developed in Polynoe and Lepidonotus than in Xereis 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! The\" 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 tum, 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 :-

(I) 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 ha'ving large-headed 
" mandibulate" forms (Figs. 38 and 54), while some of 
the genera of Termitidre have a very different kind, the 
" nasuti" (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 ",'ith the most highiv developed corpora 
pedunculata III the whole Anhropo..:! phdum' Forel says he knows 
nothmg about Llmulus and seems to imply that he cares less, so con· 
vinced is he of the precise function of the structures in question, 
~ut if they are really an infallible index to the " plastic~psychical and 
mdlV1dual 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 astonishtng wealth of .. plastic 
mentality", or that its extraordinary corpvra pedunculata are a 
wonderful depoSitory of .. mnemic engrams ", perhaps painfully 
acqUIred by the enterprising Pal<£ozoic Protolimulus and tra.nsmitted 
as useless heirlooms to its modem moronic descendants I 
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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 folloviing 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; neotenies and ergatoids frequent; definitive 
workers lacking (Calotermes, Termopsis). 

(2) Soldiers (mandibulate) polymorphic, of a single 
type; neotenies 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; neotenies 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 (SYlltermes, Odonto­
termes). 

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

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

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

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

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

. (II) Soldiers (nasuti) secondarily dimorphic; workers 
monomorphic (E. heteropterus, velox and others). 
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(12) Soldiers (nasuti) secondarily monomorphic; 
workers monomorphic (E. cyphergaster, tenuirostris, 
Iwspitalis, etc.). 

To this list Holmgren adds the following commentary : 
If 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 tum 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 (I) and (2) is, so to speak, in a If trial and 
error" phase (" Versuchsstadium "). Their mobility is 
due, perhaps, to the soldiers and If 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 (9) and 
(10), where a secondary If 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 (19I3, 
I916, 1917, 1919) and Jucci (1923). Miss Thompson, 
after a comparative study of the various castes of 
Reticulitermes jla'IJ-ipes, 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 is apparent 
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, 19I9) 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 
(1919): "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. ftavipes. 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 discoverv 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 (1894) had claimed that the 
nasute of E. jr£hjrons was not differentiated at the time 
of hatching. On reinvestigating the matter, Miss 
Thompson (I919) 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. pili frons. 
mario 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 Reticulitermes 
lucifugus 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 careful study, extending over many years, of the 
Californian T ermopsis nevadensis and angusticoUis, 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 II 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 ISO 

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 Archotennopsis and 
Heath on Terrnopsi<:, indicate very clearly that in tennites 
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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op1Illon is found in the following facts: 1. Primitive 
soldiers are sometimes fertile or approach fertility (Heath, 
1903; Imms, 1919; Thompson, 1922). 2. Soldiers are 
often found with wing buds which may be pigmented in 
the Kalotermitidre. None with wing buds have ever been 
found in the higher termites, however. If 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 ic; 
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 (1919), 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 liquid." 

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 similarities 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 Termitidre 
(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 cospecmc queen and 
worker in the size and conformation of the head and 
mandibles than do the soldiers of the latter from the 
cospedfic 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. O\\-iog 
to the excessive development of the mandibles and their 
muscles, which in tum 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 (1909) 
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 ofthenest 
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 nymph.:; 
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 
is 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 antenna! 
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 antennre on the exposed 
truncated surface of the janitor's head and a similar 
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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) lea: of Australia. 
all of which probably have much the same habits. There 
are also several lignicolous subgenera of Camponotus 
(Paracolobopsis. Pseudocolobopsis. Manniella. NeomYT­
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 wsed 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 
(Cicindelidre) and the burrowing bees of the genus 
Halictus. the head is round and plug-shaped. whereas in 
other forms. like the bark-beetles (Ipidre. Platypodidre) 
and some carpenter bees (Xylocopa). 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 sanguinv­
lenta. according to Sharp (1899). 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 (Maldanidre. Amphictenidre), and Barbour 
(1926) and Dunn (1<)26) have described certain toads 
(Bujo empusus of Cuba) and tree-frogs (Hy/a 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 (r875) long ago called attention to a 
similar habit in a related spider from the Southern States 
(Cyclosoma truncatum). 

Since there is 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 9payp..o<;, 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. 
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POL Yl\IORPHIS::\! (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 acti'lrities 
of the organism-in fact in all the really fundamental 
biological problems. For there is no a priori reason to 
suppose that the development of the castes among social 
insects requires any new or unusual explanation since 
intelligent behaviour, which plays a role 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 ,,;th 
their physiological and instinctive activities. In my 
paper on polymorphism, published in H)07, 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, Of in the eggs, 
must be trophogenic, or due to difierences in the nutricial 
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behaviour of the workers which detennine 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: 

(I) 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). 

{z} 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 (r) (Bouvier). 

(3) The castes are predetermined as such in the eggs, 
Le., 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, Irnms, 
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.) 

{S} The castes may be blastogenic (3, 4) in some groups 
of social insects, and trophogenic (I, 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 
regard to the nature of the blastogenic determinations. 
Since they must be biochemical and physiological and are 

11 
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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 
tum 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. I 

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 larvce 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 (1914) on flies and by Nelson and 
Sturtevant (1924) on honeybees. Popovici-Baznosanu 
(I9IOa, 1910b) succeeded in rearing bees of the genus 
Osmia 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 larvre to produce dwarfed 
but otherwise normal adults. A much more remarkable 
resistance to starvation was shown in \Vodsedalek's 
experiments (I9I7) \vi.th Trogoderma tarsale, a common 
pest in museums. He succeeded in keeping the larvce of 
this beetle alive for five years 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 
I mm.) when they had only about one-six-hundreth of 
their original size. 'When fed these reduced lan'ce again 

I .. Those who have reared animals will have observed that the young 
hatched from the same batch of eggs do not grow uniformly though 
they may be Jiving in the same medium, breathe the same air and 
receive the same food abundantly. This has impressed me especially 
in breeding axolotls; certain larvo:e grow conspicuously and soon 
become ,igorous 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 S!4ccessful indl"ldl4als 
aYe the most t'oraCiOt4S, those that eat most or hat'e the best digestions 
and thereforB the best appetite". (Emery, 1896.) 

• Ezikov (1926) claims to have demonstrated that in blowfly larv:e 
.. insufficient food brings about a decrease in the number of o\'arian 
tubules because the parts of the Q\'ary are quantitati\'e!y reduced 
1U the pupa ". And Reynolds and ~Iacomber (I9ZIJ. 192Ib, 1923) 
find that starvation has a tendency to produce sterility even in rats 
and man. 
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began to grow. ., A number of the I.a.rv.e 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 tv.;'ce attained the 
practically maximum larval size." Although there is 
nothing like so great a resistance to starvation in the 
larva: 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 -1, 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 Vespida: 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 larva: which are most abundantly fed. In 
the social Vespidre, 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 bumblebees, notwithstanding 
the great difference in the quality of the food, is so similar 
to that of the Vespidre 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 Meliponinre 
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 (1902) and H. von Ihering 
(I903) showed that there are two different conditions in 
the Melponinre. 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 la.rvre 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 Meliponre in constructing large 
queen cells and in storing them with a greater quantity 
of honey and pollen than the worker celis, 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 knov\Tn that the larvre 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 (r883) regarded as a salivary secretion of 
the worker nurses but by von Plant a (r888) and SchOnfeld 
(r897) as partially digested food regurgitated from the 
clylific stomach. More recently Metzer (1910) and Zander 
(19I1) 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. 1 

1 Jucci (1924, p. 221 nota), in an mteresting discussion of the effect 
of saliva on caste differentiation in the social insects, states that 
Aeppler (192Z) 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 11. propos 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 larVa:! 
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 (I904) and von 
Buttel-Reepen (I9II). 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 larva:! 
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 \\ith black, 
especially the hind tibia:!, where there is in the lattel caste 
a concavity, the corbula. But in larva:! that 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) o\\iug 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 valJing 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 neotenies. 
It would no~ account for the conditions in Trigona unless we suppose 
that a consIderable amount of saliva is mixed with the pollen and 
honey ~tored in the large queen cells. According to Ezikov (1927), 
9'. A. Koschewmkow has shown that the pupa of the worker honeybee 

suffers a regreSSIve metamorphosis of its o\-aries, owing to the 
fact that most of the tubules, which are present at this time, 
degenerate ". 



200 THE SOCIAL INSECTS 

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 larvre. 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 hyphre 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 '\\ill make this clear:-

The larvre of the tropical subfamily Pseudomyrminre 
(Fig. 43) as I have shown (I9I8, I920, I922, Wheeler and 
Bailey, I920), are peculiar in possessing just back of the 
mouth on the ventral surface of the first abdominal 
segment a pocket, the trophothylax (t), 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 Pseudomyrminre 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 eXclusivefy 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 larval diet, there are distinctly 
marked queen and worker castes, though of nearly the 
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riG. 44. Vertical section throu~h the center of a nest of the rgentinian leaf 
cutter, Alia 1"O/ltmuiti"i, shvwin~ the chambers conrainin~ the fungus-gardens. 
(Photograph by Dr. Carlos Bruch.) 

FIG. 45. Portion of nest of Alta l"olltf/ll·t,dtrl ,h()\,;n in FII!. +4 more enlarged to 
show the sponge-like fungus-garden ill silll in the chambers. _\bout one­
eighth natural izt.. (Photograph by Dr. Carlos Bruch.) 
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The feeding of ant-larvre with regurgitated liquids 
has been observed by a number of mynnecologists (Miss 
Fielde, IgoI, Newell, I909, Newell and Barber, IgI3, 
Emery, I9I8, myself and others) and in some species 
(Dolichoderinre, Fonnicinre) this may, perhaps, be the 
only method employed. In many Ponerinre and some 
Mynnicinre (Aphrenogaster) and Fonnicina: (Lasius) the 
larvre may be given crude pieces of insects and those of 
Messor and Pogonomynnex fragments of seeds. But the 
very youngest larvre are always fed on regurgitated food 
and Emery's observations indicate that at least the older 
queen and soldier larva: 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 
in which we know that the larva: 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 Hight, 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. I 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 

I These statements now need considerable qualification. owing to 
the researches of ;lltyer (1927). who tnds that the recently fecundated 
queens of several ants (notably .11 essaY structol) while establishing their 
colcnies not only devuur many of their own eggs but alsb feed them 
to their first brood of larVie. More observati0l1s 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 Campanotus 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 
900 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 grO\\ing 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 larvre 
and expenments in rearing them under controlled con­
ditions, there is also a third method of attacking the 
problem under consideration, namely by obsening the 
effects of certain parasites of the individuallarvre 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 lan're when introduced into 
ant nests, settle on the larvre or semipupre and suck out 
their juices. In the case of Orasema viridis (Fig. 6), 
which I observed in Texas (I907a) infesting colonies of 
Plteidole instabilis, the planidia attach themselves to the 
neck of the larva or semipupa and after withdra\\ing 
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 lanoa or semipupa is not killed 
immediately but may actually pupate though it is unable 

before this practice, whilh had preyiously been (,bserved by J. Huber 
(1905). in n~e large iurl'scus-growin/= .11:a sexdms of Brazil. (an be 
regarded as general among the iormicid<e. 
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FIG. 46. Pendent Fungus-garden of a smaU species of TrlXb.1"'.J"'"x from PMWTJa, 
=uovcd from the fungus chamber, but still attacbcd to a rootlet. atum 
size. (Photograph by D. Fairchild.) (SH p. 101.) 

FIG. 47. ~een of a carpenter am, CIJIIt/JOflfJlW JlnmSYlt-aNCIIJ, u-ith incipient 
colony '" abandoned cocoon of Rhagillm liMa/lim under pine bark. Slightly 
~~ . 
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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 indi\idual 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 larvce or actively to alter the normal 
method of feeding them. Wasmann has sho\ .... n that these 
effects may persist in sanguinea colonies long after the 
disappearance of the parasites as a procliYity of the 
workers to keep on rearing pseudogynes till the colony 
succumbs as the result of a veritable social malady. 
Viehmeyer (I904-) has demonstrated expt>rimentally that 
the production of pseudogynes 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 pseudogynes 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 b.rvce that hatched from 
the queen's eggs as normal indi\;duals. 

\Vhen ants themselves become parasites in the colonies 
of other ants, the behaviour of both species is necessarily 
modified, because the social em;ronment of each is altered. 
Lea\iog a fuller consideration of this matter for a future 
lecture, I \"ill give only one example which shows that the 
modifications of the threptic beha\;our of the para.."ites 
may be reflected in the structure of their queen and worker 
personnel. Years ago (IgoIC, Igo3c, Igo7c) I found in 
the hills of ~ew England and later in the mountains of 
Colorado a small ant, Leptothorax emersoni. which is 
always associated with a larger )[yrrnicine, 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 ' ... ·here 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 freely with the 
Myrmicas and to flatter them into regurgitation, they 
resent the intrusion of the latter into their 0\\-0 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 (1903), from a careful study of one thousand 
specimens of L. emersoni, was able to di"tingui"h no less 
than eleven different forms. grading do\ ... -o 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 indi,,;duals of the same type. as aL"o in those of 
different types. All the specimens dissected had better 
developed ovaries than the queen. Every individual 
dissected, except two, possessed the receptaculum 
seminis." Although similar transitional forms beh ..... een 
queens and workers are known to occur in some non­
parasitic species of Leptothorax, they are always rare.' 

I Miss Holliday observed that" in L~Pththo~a:r lo ... gispi"osNs R<:>g. 
L. cun'15,ti'lcsus ~Iayr, L. oblu~alo .. \\'heeler and L. canadensis Prov.' 
the sexual phases are representerl by males, queens, macro· and mlcro­
ergates, ~o ergatoid females were found in these species, :\mong 
L, ca"ad~"s:s one tn-,one bi., and one uni·ocellate worker were present. 
The queens and workers possessed a single tubule on each slde, No 
receptaculum scmlDlS was present ". \\'asmann (1895), ho",·ever. 
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Their extraordinary frequency in L. emersoni 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 
v.'ill suffice to show that in the Formicidre the female larva 
is much more plastic than that of the social wasps and 
bees. This is 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 Il 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 them~elves 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 di,;de 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 ergatogvnic "~1ischfonnen" in 
one colony, of L. aCeY,'otum, and Adlerz (I 834), \\"asmann and Stumper 
(1921) ha .... e observed C'rgatogynes in Fv"'''l,-oxenus nilldulus. The 
latter li'-es asa guest-ant in the nests of F0rP111Ca yufa, and L. aan'Qrum, 
like our ~orth American canadc>1sis, which is usually regarded as a 
subs~ci('s of a_-n, ,-,,'U'" , (,ften nests very near, Le., in pI esiobiosis , 
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 only' in ants but 
also in the honeybee and the termites. It is, however, a 
special and rather striking case of the more general 
phenomenon which Child (1924) 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 larva! 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 preliminaT}' to ascertaining 
the actual metabolic processes of which we are still 
ignorant. 

Viehmeyer's law might, perhaps, be regarded as an 
application of the gradient conception to phylogeny 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 relatively 
fixed, or stable, those tending to a maximum development 
and those which are on the road to atrophy. 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. He says: " It seemc; 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 
(Lasius ftavus 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 ruta there are only two tubules in each ovary 
in small, four or five in medium and six in the largest 
workers. In C amp on otus herculean us 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 un starved larvce. In the workers of 
certain ants (Tdramorium ccespitum) 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 honeybees (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. 

\Vithin 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 
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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 \\ith 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 f~es. This 
conception of caste differentiation in the termites has been 
accepted by Feytaud, Wasmann (I908a), Heath, Escherich 
Jucci and others. It is also accepted by Holmgren (I909), 
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 arnica! 
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. Kow when 
the so-called indifferent larVa! hatch from the termite 
eggs, some of them may receive a little more food from the 
very beginning. These larVa! 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 larvre which are more poorly nouri,;hed, so that 
they appear in the next instar as so-called 'small-headed' 
larvre, whereas the poorly fed individuals moult as 
• large headed' larvre. The' sma ll-headed' are the 
larvre 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 neotenies 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.2 

"Ve have already seen (p. 184) that Heath's recent paper (1927) 
supports the earlier views of Grassi and calls for a re-examination of 
~liss Thompson's investigations. 

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

o The contra;;t between the bla;;togeruc 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 ha .... e 
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 external 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 (1920) 
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 polymorphism originated 
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 \'\inged specimens of ~Iasto­
termes occur in the Eocene there is every reason to 
suppose that the soldier was also present and as perfectly 
developed as in the living .lI. dar.ciniensis. The queen 
is evidently the oldest and most conservative ant caste 
and corresponds to the typical 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 merely 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'. :1I1iss Thompson therefore spes in these 
two morphological facts a proof of the ontogenetic heredItary origin 
of the castes and of their phylogenetic ongin through essent~ally 
retrogressiye 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 deyelopment (ontogenetIc as well as ph\'logenetic I from a 
common, smgle morpholopcal type; a physiological dirlerentiation 
which has acquired its morpholOgical expression and prod ueed the 
castes duectly through changing the type of metabolism and indirectly 
through the meehamsms of correlatIOn. LeaYlDg the nputers aside for 
the present. I am conyinced that in the yanous sexual forms the so­
called retrogressiYe ancestral mutatIOns are characters inherent in 
neotenia, depending on arrests of development and that the e\'entual 
progressi"e mutations represent characters correlated with this neoteruc 
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 (5. geminata 
and sCEVissima) 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 Formicidre 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 Foret's (1902) 
recourse to some of them to support 'Weismann's blasto­
genic as opposed to the more trophogenic hypothesis 
advocated by Emery in several papers (r894, 1896. 1904, 
1906, 19ro, 19r8, 1921). The considerations to which I 
refer are: first, the extraordinary stability of the t}-pical 
castes among existing species of ants and termites; second, 
their extraordinary constancy during geologic time; 
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third, the difficulty of accounting for the gynandromorphic 
ants on the trophogenic hy'}JOthesis, 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 readiJy 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 omy 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, 
19II, 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, bigh 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 pecufutr 
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 spermatheae 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 (19I8) 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, "ill do away ",'ith 
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 ph3!Ilotypic 
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 beha,'iouristic 
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 precilogyny and precilandry 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. Wben we encounter such impasses 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 "ignoramus" till we have made a much more 
exhaustive behaviouristic and physiological investigation 
of the phenomena. "N ullus seTmo £n his potest certificaTe, 
totum en£m dependet ab experient£a." (Roger Bacon.) 



IX 

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 niodifications 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 Acu1eata. 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 ",-jth 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 

• 
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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 swanning, 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 Polistinre in temperate 
regions, the Vespinre, the Bombinre in temperate and 
boreal regions, Halictinre, Allodape and the great majority 
of ants and termites. The dependent subtype is repre­
sented by a few parasitic Vespinre and Bombinre 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 OVln young. "·ith these cases I shall 
deal in a future lecture. The gr0UpS which establish their 
colonies by swanning are the Polybiinre and some tropical 
Polistinre among wasps, the tropical Bombinre, Apinre and 
Meliponinre among bees and some termites (e.g., 
Reticulitermes luczjug!4S in Italy). It ",ill 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 exsectoides, 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 
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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 they 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 isolated from their 
social medium, is apt to conclude that their behaviour is 
entirely reflex, or tropistic (Bethe, 18<)8, 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 lea yes 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 (\"erm6gen) 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 mynnecology and myrmecophily ill a dense fog of 

16 
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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 Fouillee's sense 
(Wheeler 192IC). Of course, this is nothing new since 
the word was used with much the same signification by 
the scholastic philosophers (appetitus sensitit,us, Wasmann's 
"sinnliches Begehrungsvermogen "). It is Aristotle's 
0pEfu; 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 o'wn 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 Yery 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. The food supply is therefore limited in amount and the 
exploitation of the field is so intensive, that every avail­
able source of nutriment is scrupulously 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. \Ve find, therefore, that unlike many 
solitary bees, the Halictince, Bombince, Meliponince and 
Apince 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 very restricted 
trophoporic fields. In the Doryline 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. l 

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 endea .... ouring to 
obtain as much food and to rear as many young as 
possible. Hence extraordinary thrift and economy have 
to be practised, especially when the trophoporic fields of 
several colonies overlap. The sexual forms and e~pecially 
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 ~ometimes 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 honeybees or of the 
soldiers in certain ants of the genus Pheidole. Our Korth 
American Ph. militieida hal';e~ts seeds and its huge­
headed soldiers are needed to crush them, hut when the 
winter comes on and the services of the seed-cru~hers 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 larvz 
during the ensuing spring and summer. 

I What I have caIled the trophoporir field Le Dantec (1918' ral1!i the 
::ca.ntonal patrimcny," lhe quan:ity of food which it :umishes. the 

altmentary.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 (sit venia verbo) , with little 
or no interest in producing but wi.th a keen interest in 
rearing larvre and in securing the food necessary for 
caIT)ing 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 (1924) 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 
in 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 larv~ 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 usually 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 
"in,;tincts." One must either assume that there is an 
inheritance of acquired characters-and that with a 
vengeance !-through the males produced from workers' 
egg,:;, or that the behaviour towards the guests is a purely 
ontogenetic modification or perversion of the regular 
threptic beha'viour exhibited by the workers towards one 
another, the queen, males and brood. I insist that the 
latter is the more probable and more economical 
assumption and the one in closest accord with the facts 

I Perhaps voluntary human celibates are )lendelian recessives, 
and if one wished to resort to an Adlerian accessory hypothesis, their 
beha"iour might be interpreted as inspired by the kind of .. "ill to 
power" so conspicuous in indi\idua.ls "ith pronounced " inferiority 
complexes", A similar interpretation seems to be implied in the 
follo,,"ing remark of Gerald Heard (191.4): "Finally, history suggests 
th"-t the in variable ap~arance at a certain stage of the priest-artist 
is because civiluation necessitates specialization and real speCIaliza­
tion postulates a genetic variety. Whenever a society is about to 
become a ci,ilization, it begins by producing celibates. This" segrega­
t!on of the best storks .. has always been a stumbling block to the 
old-fashioned Eugenist, but the fact that seems to ha"e an ine,itable 
naturalness about it must be faced, and perhaps, 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 ::;pencer 
Lecture: "Biological Fact and the Structure of Society,"· p. (3). 
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 TpO'l/nl food, and aAA~TT€tJl 
to exchange). The notion was favourably received by 
the physiologists and ethologists but was treated as a 
scandalous innovation by the Jesuit instinct mongers.2 

\Ve 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. 

x Wbat really up-to-date laboratory beha,iourists think of instincts 
and their inheritance may be gleaned from a perusal of Kuo's latest 
paper (1924), Though expressed in extreme language, this author's 
views are undouhtedly valuable in calling attention to the extra­
ordinarily vague, unscientific and dogmatic assertions of \\'asmann 
ann others in regard to the hereditary hasis of behaviour, See also 
Bemard (1924)' 

2 That my efforts, like all such attempts, should be misunderstood 
or misinterpreted was only to be expected, but I did uot realize the 
profundity of my ignorance of the biology of the Formicid.:e 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 Yery mod<'stly placed as a motto 
on the cover of his polemic the well-known lines from" Faust" : 

.. "-as glanzt ist fi.ir deG ,-\ugenblick geboren, 
Das Echte bleibt der Xachwelt unwrloren ", 

The first line refers, of course, to my daughter Trophalla..xis, the second 
to \Vasmann'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 wa.s treated with some machine-gun fire in the 
:\iemoires of the POLtifical Roman" Accadernia dei Xuo\'i Lincei" 
(1923)' In the meantime Herr Reichensperger hurried to the rescue of 
his outraged mentor and v;ith 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 e .... en the biological dogmas of the 
reverend fathers and to pennit oneself to joke about their pet lucubra­
tions, Since I had not extolled the channs of Trophallaxis in e\'ery' 
paper I had written since 1918, \Vasmann concluded that I must have 
abandoned the poor thing as still-bom, Here his perspicacit .... cer· 
tainly forsook him, for I am so far from an\' such imention that I 
propOse to devote the remainder of this and portions of the twO 
following lectures to showing that she is an even healthier and more 
"iable 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 
antennre (Forel, Wasmann, Crawley (1910b), Doflein 
(1920), etc.), by vibrations, or stridulation, Wbeeler (I914), 
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 concerned 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 emplo)ing 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 
soci"l organisms. That it is taken for granted by 
physiologists is clear from the follo\\ing quotations 
(Child, 1924): "Even in most of the simpler ('nimals the 
reaction to food involves excitation and the excitatorv 
factoris undoubtedly concerned in the growth orientation of 
the roots and other parts of plants with respect to chemical 
and photic stimuli. Like the relations between 
living protoplasm and its external environment the 
physiological relations between the different protoplasmic 
systems, parts, organs, etc., of an organism are either 
material, involving the mere transportation of substance, 
(~r dynamic, invohing the tramfer of energy_ 
In the higher animals and man the excitatory factor is 
unquestionably the primary factor between individuals, 
the material factor being significant only as it is excitatory. 
In fact all social integration is based upon the excitatory 
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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." I 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 , ... hen 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 nutriment but an exchange necessarily and 
immediately 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 (I923b) 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 role 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 be advisable to add 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 (I903) 
were, I believe, the first to show that the larva! 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 (I9I6, I924), however, 
who first made a detailed study of the reciprocal feeding 
in certain African wasps (Belonogaster) and grasped its 
social significance. He called it " recotrophobiosis ", a 
word which seemed to me to be rather awkward and 
inadequate. I therefore substituted the term "trophal­
!axis". In his latest paper (I924) Roubaud has adopted 
the w9rd "trophrecism" and therefore calls the wasp­
colony a "trophrecium". In my study of ant-larvre 
(I9ISa) I cited a number of phenomena which can only 
be interpreted in the same manner as the trophallaxis of 
the Vespidre. In certain Ponerime (Pachycondyla) which 
are primitive, wasplike ants, the larva! when fed produce 
a salivary secretion which is licked up by the nurses. 
Some Myrmicine larva! (predalgus) 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 larvre of all PseudomYTlninre the mouth is 
surrounded by a cluster of <;ingular papillre or appendages 
which are clearly exudatoria very much like the exudatoria 
of some termitophiles (Spirachtha). These structures are 
greatly developed in the very young larvre (trophidia) of 
two species of the African genus Pachy<;ima (cethiops and 
latifrons) (Fig~. 57), but decrease rapidly in size in the 
later stage<; when the salivary glands develop and 
apparently usurp their secretory function (Fig. 58). 
Moreover, all ant larvre 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-larvre 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 (I 909) , 
Roubaud (1924) and others on the young larvre of 
Tachinid flies. Although these larvre 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. I 
All ant larvre, therefore, probably produce small quantities 
of exudates which are appreciated by their nurses. But 
even if this be doubtful, 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 adult stage. That the workers of the higher ants 
(Myrmicinre, Dolichoderinre, and Formicinre) almost 
universally practice this form of reciprocal feeding is a 
fact too well known to require further substantiation. 

I Eidmann (1922) has proved that both alkaline and acid solutions 
will diffuse through thin layers of chitin in 'which pores are im-isible 
under a high magnification, and though hi5 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 
sach 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 (lgo8b, 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 (:\>Iyrmecocystus, Campanotus inf/atus, 
Melophorus bagotl) , but in many species of Pheidole, 
Pheidologeton and Oligomynnex the soldiers may act as 
honey-pots and the gaster is much less conspicuously 
enlarged. Emery, many years ago (18gB). observed in 
the workeIs of certain ants from the deserts of Asia Minor 
and North Africa (Campanatus jedschenkoi 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 larvce. A very similar adipogastry is 
often noticeable in many hypogceic 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 C ampanotus 
castaneus in New England and of C. sansabeanus in the 
de8erts 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. 





Pkk XXX, TIl. 

FIG. 59. Rep~tcs of honey ants, .\f.yrMtrotyShlI borli~, suspcndc:d from roof 
of nest chamber. (After H. McCook.) 

FIG.~. Repletes of the honey am, M)Tlllmx)"SlN.f horli-tkonim. (Dorsal and lateral 
·news.) 
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FIG. 62. A stna1I cricket, lUyr1ll«fJplJiia wbrumuis, goa..,mg at the tibia of the 
harvesting ant, POfP'IDMyr7IItx _t/tKit1U. (S. p. 254-) 

FIG. 63. Statlhyiinid beetlc:s, OxY.tolfla olNrthllffi. fc:c:din~ on sudiace sc:ct"etioos of 
Catag'lpbis riatita. (After Prof. K. Eschc:rich.) (See p. 2.54.) 
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is very largely myricyl 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 freces. Curiously enough, many of the 
Coccinellid larvre (e.g., Brachyacantha) which feed 
exclusively on these Homoptera also produce abundant 
wax exudates (Wheeler, 19IIb). 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 corpns 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 ".1 Although wax is now used exclusively in 
constructing the cells in which the larvre are reared and 
the food is stored, the que;;tion arises as to whether it 
was not, among the immediate ancestors of the Bombinre, 
Meliponinre and Apinre, employed to some extent as a 
larval food. Two of the older and at least one of the 
modern observers of humblebees (Swammerdam (1737) 
Reaumur (1742) and Haerter (1890)) have, in fact, claimed 
that the" pollen paste", or mixture of pollen and wax, in 
which the queen Bombus lays her eggs, is devoured by 
the larvre. The majority of recent investigators, however, 

I In connection with the fact that only the young honeybee workers 
secrete wax. Friese remarks: "V\e see therefore that little attention 
has been given to the organic nexus between the fat-body of the lan'a 
and the wax-production of the adult honey bee. I am of the opinion 
that the wa.." 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 ". 
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have been unable to confirm the observation. Since the 
larva of the well-known wax-moth (Galleria melcnella) 
can digest wax, although it cannot complete its denlop­
ment without additional substances (Donhoff (1882), 
Lieber and Metalnikow (1904), Biedermann (19II», it is 
not improbable tha.t humblebee larvre 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 larvre on fatty exudates would be pure 
speculation, but our knowledge of the intimate behaviour 
of these insects is so rudimentary that there-.can 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 
socially 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 thc:l.t commonly held in 
regard to these senses in human and mammalian 
physiology. ill 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.t ill both receptors 

t " In fishes Herrick (1903) lists over thirtY-five species in which 
taste-buds are known to occur on the outer surface of the animal as 
well as in the mouth. The catfis:t Amiurus is remarkable in this 
respect in that its whole outer surface is pro~-id('d w-ith these orf'ans 
which are most abundantly present on the barbels. "nen a piece 
of meat is brouRht in contact with the barbel of one of these fishes, 
the animal will immediately seize and swallow the morsel. The same 
is true when the IDeat is br~'ught in contact with the side of the fish". 
!G:. H. Parker, 10221. Herrick has proved that the respons('s to ID('at­
JUIce dIscharged from 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 tastl'-buds in the flank of AIniurus is 
5e\'ered. 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 
sensillie.' We have merely acquired the habit of regarding 
chemoreceptors (sensillie) on the mouth parts as gustatory 
and those on the antennce as olfactory. But lately 
Minnich (1921, 1922a, I922b, 1924, 1926) 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 antennre 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 sensillie 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 sensillie 
which may be either tactile or olfactory, through a great 
variety of presumably olfactory and gustatory to the 
Hicksian, or campaniform sensillre which have been 
variously interpreted as organs of pressure, temperature. 

I 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 classmg 
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, 19QJ}". 
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humidity or vibration. "While most authors believe that 
the olfactory sensillre are confined largely or exclU5ively 
to the antennre, McIndoo (I9I4a, I9I4b, 19I4c, 19I 5, 
19I6, I9I7, I9I8, I920), for some inscrutable reason, finds 
olfactory organs on nearly all parts of the body, except 
the ant ennre , and believes he has secured experimental 
evidence in support of his contentions. Berlese (I 90<») 
in a remarkably lucid account of the olfactory semillre, 
describes them as always containing glandular in addition 
to sensory cellular elements. He calls attention to the 
earlier papers of Erichson (I847) and Sauiey (189I), who 
found the antennre of insects to be covered \\ith a thin 
film of liquid. According to Berlese, this film is the 
secretion of the glandular elements and forms "ith 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 soh-ent. But 
other investigators (Hauser (r880) , vom Rath (r894), 
Rohler (I905), Yogel (19II), Hochreuter (19I2), Deegener 
(I9I2), Demoll (I9I7), 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 
(I926) comments as follows on the matter: "The chief 
objection to the idea that a liquid exudes upon the surfaces 
of sense organ-; is the lack of any observations on the 
presence of such a liquid. Yet, the vacuole which 
surrounds the di"tal processes of the ::,ense cells in many 
organs that have been regarded as chemoreceptive, 
suggests a possible source of a soh'ent 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 alcepted, it is not unreasonable to suppose 
that one of the cells might take on a secreti\-e function 
in certain organs. The cell which contains the vacuole, 
,,,hen a vacuole is present, however, is the basal en\-eloping 
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 
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doubt that the chemoreceptors are widely distributed 
over the antennre, 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 (19IO), 
Bethe (1898), Brun (1917), Miss Fielde (1904, 1905b), 
and others. The odour of the ant-brood, especially of 
the pupre 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 
Meliponinre 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, 1902, 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 Formicinre and the anal glands of 
Dolichoderinre (Tapinoma, Azteca, etc.) produce strongly 
odoriferous secretions and, according to Fore!, 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 mown. 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 employed in "effleurage", a 
process of extracting the perfumes from flowers. The 
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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. I 

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 
(I92I) 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 unemployed 
workers and the same is true of bees returning with pollen. 
The latter perform a different dance (" Schwanzeltanz "). 
In both cases the unemployed individuals are informed of 
the kind of flowers that are ~ielding 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 

I 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 ]a\'eh, and the .. personal" God of the 
Christians still receives incense. Haupt regards the ambrosia used 
in anointing and shampooing the Homeric heroes (Iliad, XYI., 670 and 
680, XI"., 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 sayi.ng quoted by Haupt from Ben 
Johnson (" the most di\-me 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) 
sa~'s: .. The belief that the breath and perspiration of young human 
bemgs ha\'e a tendency to prolong the lives of the aged is well known 
from the relations of David to Abisag of Sunem (Kings I. I-.~). This 
magical superstition propagated its waves down to our 0"''11 time and 
is responsible for many curiosities (J. H. Cohausen. Yon der scltenen 
Art sein Leben durch das Anhauchen jiingerer ~Ill.dchen bis auf 115 
Jabr zu \'erlangern, Stuttgart, 18.n) ", 

• 
• 
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to direct their flight more readily. The late F. W. L. 
Sladen, a well-known authority on Bombinre, once showed 
me in Canada how the males of some of our humblebees 
find the virgin females. The latter fly 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, "ith 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 ",ith their powerful odours, which apparently 
emanate from the large glands of the facial fovea:! to which 
I referred in a former lecture. 

I admit that in my paper of I9I8 I failed adequately 
to emphasize the role 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 ",ith its ant ennre , is largely 
academic, or at any rate of no very great physiological 
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 blood 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_l The facts 
and arguments that support this statement will be 
presented in the two following lectures. 

I Cf. De Grange (1923): .. Sociological phenomena are never 
exclusi\'e\y human. Lower animals were often an integral part ot the 
primiti\'e 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". 
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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. N early 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, o'wing to the 
congestion of their population and especially ouring 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 
inert and defenceless larva:! and pUpa:! represent an 
abundant supply of food. And thirdly, since the social 
insects have a more or less pronounced tendency to repel 
aggressive entmies 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 is interesting also in connection with 
certain matters towhicb Cuenot (19II) 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 (19II, 1917, 1922a) and Picard (I919) 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 v.;thdraw 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 might 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 : 

(I) 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) Synreketes, or commensals and scavengers, which 
are ignored or indifferently tolerated. They 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 
larvre of certain Lepidoptera (Lycrenidre), 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 "ith 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 external or internal. 

In general \Vasmann's groups represent categories of 
increasing intimacy of the intruder with the host. The 
symphiles and parasites have evidently been developed 
from synechthrans or synreketes, 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. :Kot 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 
\Vasmann'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 
(synreketes) 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 knO\vn 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 mynnecophiles and tennitophiles 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 I9Iob). 
According to Roubaud (I924). 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 Rhipiphoridre. of which Chobaut 
(r89r ) described one species, Emenadia flabellata. as 
feeding in the larval stage on the brood of Odynerus 
simulator. and Chapman (I870). Murray (1870) and others 
have described the very similar development of Metacus 

• Belt (1874) gives an account of a Nicaraguan wa.sp which attend. 
p1antlice and solicits their honey-dew in the sa.me manner as ants . 

• 
• 
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parado:xus in the nests of Vespa. There are also several 
peculiar Hymenopterous sphecophiles. The parasitism 
of Trigonalids on the larvre 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. Andre, 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 larvre 
of Polistes. Mutilla bmtia and littoralis also invade the 
nests of the latter wasp. Brauer (186g) records the 
Neuropteron Trichoscelia, which is allied to Mantispa, 
as developing in the nests of a South American honey­
storing Polybia. The larvre of a small Tineid moth, 
Melissoblaptes anellus, 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, inanis, etc.) some of 
which were long ago exhaustively studied by Kiinckel­
d'Herculais (186g, 1870, 1875-81, 1895), certain species of 
Conopidre and of the Tachinid genus Anacamptomyia. 
Roubaud (1924) has published a beautiful and suggestive 
paper on this last genus, ~'hich comprises internal 
parasites of Belonogaster larvre. Various authors have 
called attention to a number of beetles which are either 
predators, like the Staphylinid Quedius d£latatus in nests 
of European Vespa: and Triacrus superbus in nests of 
Polybia vicina in Brazil (Wasmann, 1904), or merely 
scavengers living in the refuse of the nest (small species 
of Staphylinidre, Cryptophagidre, Dermestidre, Phorida:, 
etc.). The larva: 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 
Halictina:, which, as we have seen, nest gregariously, are 
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infested by many parasites and scavengers (flies, beetles, 
Mutillid<;, etc.) as Melander and Brues (1903) have shown 
in the case of North American Chlor{llictus pruinosus. The 
Bombinre have long been known to be parasitized by 
Mutillids, Conopids, Tachinids, Meloids and the peculiar 
nematode worm SphaeruJaria bombi, which has been 
studied by Reaumur (1742), von Siebold (1836), Lubbock 
(1861), Schneider (1883,1885), Leuckhart (1887). Dimmock 
(1886) and Fric;on (1926). Their waxen cells are devoured 
by the larvre of moths, Aphemia colonella (Hase, 1926) in 
Europe and Vituta edmondsi in North America (Packard, 
1865, Frison, 1926), while the refuse of the nest is eaten 
by the larvre 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 antennre of the bees so that they can be carried 
into tIle nests (<;ee Wheeler, 1919', Frison, 1926). The 
genus Volucella furnishes a remarkable series of hum blebee 
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, luxmorrhoidolis, 
/lava, plumaia 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 VoluceUa 
bombylans and finds that they show striking colour­
resemblances to the various species of humblebees of the 
same geographical area'>. Even the Meliponine bees have 
their peculiar guests. Wasmann (1904) has recorded a 
predaceous Staphylinid, Belonuchus mordens, and four 
species of the Silphid genus Scotocryptus, taken by GDeldi 
in the nests of some six species of Melipona in Brazil, 
and a Silvanid beetle, N Qusibius clavicornis and its larvre 
as living in a nest of Trigona ruficrus. Quite a number of 
insects have long been known to infest honeybees (see 
Assmu,>, 1865). The most famous are the common 

• 
• 
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wax-moth, Galleria melanella (Phillips, 19J7, 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, '\\ingless and aberrant 
Dipteron, Braula cceca, the" bee louse ", which is an 
ectoparasite, and Mermis albicans which is an ento­
parasite, of individual bees. Of course, the bacteria, 
moulds, and l\Iicrosporidia, to which various well-known 
bee-diseases are due, should also be included among the 
parasites of the Apinre (see White, 19J6). "Isle of Wight 
disease" has been shown by Rennie, Harvey and White 
(1921) to be caused by a minute mite (Tarsonemus woodz) 
which enters the thoracic spiracles of the bee and repro­
duces in the trunks and larger branches of the trachre. 
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 
trachre 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 
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nests of our North American Formica exsectoides, 
Megastilicus jormicarius, which somewhat resembles its 
host in coloration and form. \Vhen confined with the 
ants in an artificial nest, it is invariably killed within a 
few hours, but in the natural nests it adroitly eludes its 
host in the same manner as the European species of 
Mvnnedonia, for when an ant tries to seize it, it raises the 
fl~xible 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 manreuvre 
which, of course, gives the beetle time to escape. 

A very large proportion of the myrmeophiles are 
synreketes, or tolerated inquilines, but in beha,,-iour they 
are so diverse as to defy classification and in some cases 
merge into the group of symphiles. Many belong to a 
group \vhich I have called neutral synreketes, because 
they live quite unnoticed by the ants on the refuse or 
nest materials. Typical examples are the small white 
panmyrmecophilous Podurans of the genus Cyphodeira. 
the slow-mo\-ing, snmv-white European Isopod, Platyar 
thrus hoffmannseggi, many small beetles, mites, Phoridce, 
Lepidopteran and Dipteran larvce and the singular larvce 
of Microdon. The food of the lItIicrodon larvce long 
remained unknown till Donisthorpe (1912, 1921a) showed 
that it consists of the small pellets (" boulets de netto­
yages ") cast out of their infrabuccal pockets by the ants. 
More recently Borgmeier (1923) has found that the larvce 
of a Brazilian species actually devours the larvce of its 
host, the common fire ant, Solenopsis s(E"vissima. The 
moth Wttrthia auric'illei, which Kemner (1923) describes 
as li\-ing in the silken walls of the nests of Polyrhachis 
tn'color in Java and regards as representing a new type of 
myrmecophily, "hY'Phcenosymphily H, is clearly a 
synrekete like so many other Tineidce. Among the 
synreketes must also be included a large number of 
Staphylinid and Histerid guests of the Dory'line ants, 
Eciton in the New and Dorylus in the Old World tropics 
(Wa.smann, 191oa, 1915C, 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 Dorylinre, others by their broad, convex bodies 
and hard or slippery surfaces. Anothp.r 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 myrmecoc1eptic is the larva of a small Phorid 
fly, Metopina pachycondylCE, which I observed in Texas 
(190Ia) in the nests of the Ponerine Pach:ycondyla 
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. \Vhen 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 synreketes 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 Mynnecophila 
(Wheeler (l<)Oob), Wasmann (1<)01), Schimmer (1909, 
1910)) and the Staphylinid beetle Ox:ysoma oberthuri 
(Fig. 63) of North Africa (Escherich, 1<)02) 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 type ofthe genus, Attaphila 
fungicola, from the nests of Atta 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 
(1<)06, 1<)07) has described an allied roach, Sphecophila 
polybiarum from the nest of Polybiine wasp, Polybia 
pygmaa, in British Guiana and a second species, S. 
termitium from East African termitaria. 

In this place I may also consider several peculiar 
synreketes 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 Calliphorinre 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 diller 
markedly from other Calliphorinre in the structure of the 
probosci<;, which is stiff and chitinized, \\ith strongly 
toothed tip, directed fOIVI"ard. 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 re,iewed by Bequaert (1922), who has obser\"ed 
them in the Congo. I 

I The flies observed by Xangle and Green were BengaJia obscuri­
pemllS and were hunting winged termites fl,;ng at night. ]. \". 
Yerbury saw the sam" species" try;ng to take her burden from a large 
ant (Lobopelta species)". F. \\'. Thompson made the following 
observation with regard to the Indian B. jfjuna (Fabricius): "I 
alwc..ys 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 de<;cribed 
by Kirkaldy (I9II) and Jacobson (I9IIa). On the 
middle of its ventral surface it possesses a peculiar gland 
with a fiame-<:oloured tuft of hairs (trichomes). Station­
ing itself along the foraging file of a common East Indian 
ant, Hypoclinea lYitubercztlata, 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 ,,"i.th 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 lairo de 
Meijere in Java lurks in the neighbourhood of the column of Pheido­
loge/on dit'ersus (J erdon); when a worker ant comes along carrying 
its prey, the fly dashes into the moving ant column, quickly steals the 
prey from the carrier and returns to its perch where it devours its 
catch at leisure (Jacobson 1910, de ~[cijere 1910). Lastly, C. R. Dutt, 
in his interesting" Life Histories of Indian Insects" (1')12). writes 
of .llollomorittm indiettm F'Jrel as follows: .. One morning I observed 
the inmates of a nest marching out with young ones. Close to the 
nest was sitting a ),[uscid fly (Ochromyia species) which attacked from 
time to time the larv;E and pup<e 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 ",ithdrawn left the larva or pupa quite shrivelled up". The 
African Benzali;E evidently have much the same habits as their 
Indian congeners. According to \V. A. Lamborn (1913, 191Q), .. Ben­
galia depressa (\Valker) in Southern Nigf'ria, regularly follows the 
marauding armies of Dorylus nigricans, to rob them of their Frey." 
See also Surcouf and Guyon (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 numbers. 

(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 (I9I8), Edwards (I922) 
and others, their metamorphosis by de MeiJere (I909, 
I9II), and their remarkable behaviour by Jacobson 
(I909, I9IIb) in Java, James (I9I4) in Ceylon, Banks in 
the Philippines and Farquharson (I9I8, I922) 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 "ithout difficulty. 
The feeding process has been carefully described. by 
Jacobson and Farquharson. I cite the latter's account of 
H. farquharsoni (I9I8, 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 

11 
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begins, the mosquito thruc;ting 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 antennre) vibrating on it. The 
swollen portion of the proboscis is undoubtedly capable 
of independent movement. I may say that the mosquito 
is not I 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, 1922a) has also described the behaviour of other 
small Nigerian flies (Mtliehia argyratoides, practes, 
prosates and deetes) which solicit and receive food from 
the ants. Another species, a Cecidom:yid, 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 beha,,;'our of 
other midges described by Jacobson (1909) and Farquhar­
son (I9I8, 1922a). The former observed a Milichiid, 
Proscetomilichia myrmeeophila (de Meijere, 1909) which 
runs about after the ants (Hypoclinea bituberculata) 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 apiealis (Collin, 1922). It was first seen 
(I918) feeding at the anus of dead Crematogaster workers, 
but later (I922b) Farquharson observed it running after 
and licking the tips of the abdomens of living ants, like 
the Javanese Prosretomilichia. 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 (19I2) found that the first-stage larva 
of a small gray Queensland moth, Cyclotorna monocentra, 
is ectoparasitic on a Jassid Homopteron which feeds on 
certain trees and is attended and "milked" by 
I ridomyrmex 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 ad vantage 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 
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Pltth XXXIX. 

FIG. 64. ~Iyrmecophilous caterpillar and chrysalis of a burterfly, Ha_ari.r ~IJU 
.fignahu. (After C. Bruch.) 

FIG. 6,. .c\. Adrollu luo!II'; of North \merica and B. Clol'i~r lulanltf of Europe, 
two guest beetles, with ~olden vellow trichornes at the tips of their u·ing 
cases and at the base of the abdomen. 
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PI.k XL. 

FrG. 66. Various species of Paussidae. . P/~IIrrJPI""-' brnianJJ. B. P..,nu 
hot·a. C. PmlaplalarlbrllJ nalalm.ris. D. PtnlSJIIJ dallta. E. UbioMras 
Ipr)'i. F. PaNJJIIS Jpini(,~PJ. (After E. ·Wasmann.) 

FIG. 67. Worker of the blood-red slave-maker, Formica Jangui~a, fceding its 
guest beede, Lo"/~dHlJa J1r1ll110JiZ. (After H. K. Donistborpe.) 
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and adapted to stroking the host (Clavigeridre) 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 
(Paussidre). Was mann has made a detailed study of the 
European sy'IDphiles and especially of the Lomechusini 
(191Sa), but our knowledge of the behaviour of 
tropical ants guests is still very meagre. I 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. 6;), 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 
larvre. 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 larvre, which are 
evidently treated as if they were ant larvre, mature, they 
are buried in the soil, in the same manner as the ant larvre, 
in order that they may pupate. The pupre are also 
unearthed like the ant pupre, 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 larvre, many of the neglected queen 
larvre, as we have seen, develop into pseudogynes, 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 19I5a and 1920). 

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

t The reader will find an excellent account of British myrmecophiles 
in .li)Oll1sthurpe's t;,."st. of BntJsil A ?Its (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., as synechthrans, 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 Lyc.enid 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 (I9I9) has drawn up 
a table to show the distribution of termitophiles knm\n 
in I9I9. Since that time some representatives of other 
orders have been added, notably Braconid Hymenoptera, 
of which Cushman (I923) has described two species of 
Ypsistocerus from Bolivia and Brues (I923a) a species of 
Termitobracon (T. emerson,) from British Guiana. In 
his list Warren cites the number of Ethiopian termito­
philes (3I9) 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 kno\\-n from the nests of primitive 
termites (Calotermitidce), the great majority having been 
taken from the very populous termitaria of the Termitidce. 
Similarly myrmecophiles are rare in the small colonies 
of the primitive subfamilies of ants (Ponerince, Cera­
pachyince and Pseudomyrmince) and numerous in species 
and in individuals only in those of the more specialized 
Dorylince, Myrmicince, Dolichoderince and Formicince. 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 
mynnecophiles. 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 :-

" It 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 terrnitophile 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 contoUI 
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 terrnitophiles 
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-developect 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 mynnecophiles 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 tennitophiles, and we may 
suppose that they have a similar attraction to the 
termite'). 

(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 
parallels that of tbe mynnecophiles. In both cases there 
is 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 tennitophile 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 . 

• 



266 THE SOCIAL INSECTS 

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 (1903), Tragardh (1907 a and b) 
and Warren (19I9, 1920» and is especially noticeable in 
certain Coleopteran larvce, adult Staphylinids of numerous 
genera and the strange Diptera of the genera T ermitoxenia, 
Termitom:yia, Ptochomyia, Termitomastus, etc. In some 
predatory Coleopteran larvce, like those of the Carabid 
Glyptus punetutatus, which live in the nests of the African 
Termes bellieosus, 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 l\fyrmedonia. Among a considerable 
number of forms we may select as examples of highly 
developed physogastry Corymbogaster miranda from 
British Guiana, Corotoea melantho and phylo from Brazil, 
CEdiprosoma mirandum from Africa and Thyreoxenus 
pulehellus 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 (I923). The peculiar structure of 
its three pairs of exudatoria has been elucidated by 
McIndoo (I923). I happened to be with Dr. Emerson 
when he found a number of specimens of this termitophile 
in the nest of Nasutitermes (Constrictotermes) eavifrons in 
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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 assiduously 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 19IO, I915 and 1920. Since his latest 
article is devoted in great part to a polemic against my 
views of I9I8 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, \Vasmann concludes, first, 
that the latter have during their phylogeny acquired 
particular symphilic instincts as differentiations or 
modifications of their original nursing and adoptive 
instincts, and second, that the true ant and termite 
guests have been developed by these syrnphilic instincts 
through a process called "amical selection", which he 
likens to the conscious artificial selection employed by 
man in perfecting the numerous, often bizarre varieties 
among his domesticated animals and plants. Escherich 
(I898, I902, I9II), Schimmer (I909, I9IO) and I (I9Ioa) 
have never accepted this view, and I am still unable to 
see that \Vasmann 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 
arnical 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 sympbilic 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 Clat'iger 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., hereditary, 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 \Vasmann 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 pseudogynes, so that the whole 
colony tends to die out, we have anything but a favourable 
emironment for engendering and transmitting an instinct 
so specialized as to be concerned \\ith a particular 
symphile. t Add to this fact that Lomechusa is a sporadic 
or local parasite and \\"asmann's case becomes quite 
hopeless. Of course, he might contend that Lomechusa 
was once a univer:;al sanguinea parasite. or, at any rate, 
much more abundant and more uniformly distributed 

I According to Lomnicki (1911). males produced in sa'llg!4in •• 
colonies :nfested by Lomechusa may also be affected. becominc; dwarfs. 
or .. rnicraners" only about half the length of normal individuals. 
AdmittIng that such "males may be the offspring 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 jusca 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 
relurophilous, 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 Moliere 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 nur~ing instinct or behaviour. 
which is a mutual feeding, has been specialized or modified 
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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 symphiles 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 arnica! 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 necessarilv 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. \"nen he 
first discovered them he advanced the sensational claim 
that they were hermaphroditic, that they did not lay 
eggs and have larvre like other Diptera, but were 
viviparous, or rather imaginiparous, producing young of 
the adult form, that their aborted v.ings 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 "'asmann'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 (I908b), Bugnion (I913) and Silvestri 
(I920) have shown that Termitoxenia is not hermaphro­
ditic, and Kemner (I922, I926) 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 constructions 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 closely 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, they 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., 

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 (I893). 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 ". I 

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, 
N ysson 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. arc#ca. The former has long been known 
in Europe, where it lives in the nests of V. rufa (MoTa'witz 
(I864), Robson (I8<)8) , Carpenter and Pack-Beresford 
(I 903) , etc.). Recently Bequaert (I9I6) and Sladen (I9I8) 
have found austriaca in the United States, British 
America and Alaska, but its North American host is still 
unknown, though believed to be V. consobrina. V. 

I Cases. like those recorded by ~iassart 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 by the nutritional parasitism whose effects we have 
described_ ~evertheless, 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_ 
rnder 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 ha\'e to deduct a mass of beggars. vagabonds, 
etc. (Rocher,' Principes d'Econ. Pol.. 11.. pp. 1404 a.nd 145. Trans!. 
by Wolowski.)" 

J 
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arctica, as Fletcher (1908), 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, \\ith 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 Apmre, have such satellites, and 
in each case it is evident that the parasite is descended 
from the same genus as the host. Brauns (1902) has 
described a species, Eucondylops konoU'i, 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: \\'alckenaer 
(1817), Wesmael (1835), Lepeletier (1841), Spinola (1851). 
Taschenberg {1866}. F. Smith (1851). Sichel (1865). 
Breitenbach (1878). Perez (1884). Perkins (1887. 1889). 
Morice (1901). Ferton (1890. 1898. 1905), Marchal (1890. 
1894). Sladen (1895), Kielson (1903), Friese (t923). etc .• 
but we still lack a definitive account of their relations to 
their bosts. the bees of the genus Halictus. A paper by 
St6ckhert. 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 tbe 
old Halictus females, which guard the nest entrances, 
violently resist the intrusion of the Sphecodes. Ferton 
(1905) saw a S. subquadratus breaking into a nest of 
H alictus 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 ca.",t her bad ..... ·ard 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 
ce11s 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 (1922», 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 (1899, 
1912), Wagner (1907), etc., some of the North American 
species by Sladen (I9I5), Frison (I9I6, I921) and Plath 
(I922). 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 re'3emble 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 

I According to Robertson (I9z6) the Xorth American bees assigned 
to Chloralictus, which he regards as a genus, are probably parasitized 
by the species of Paralictus. The ta:'Conomic characters of the latter 
genus suggest that it is derived from the host genus. 
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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 larvre 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 larvre of her host 
and permits the Bombus workers to rear her own brood. 
Here, too, the parasite behaves like a predator. Z 

Friese (I923) 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, 19(3), 
because the workers lack the corbula on the hind legs, 
a condition which proves that they do not collect pollen. 
He maintains that limao is really a robber bee, which 
overpowers the colony of some indu<;trious species of 
Trigona, drives away or kills the rightful owners of the 
nest, settles dmvn 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 larvre 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 ",ithout a 
conflict. 

The literature on the social parasites among ants has 

I For more recent valuable observations on Psitbyrus ~ 
Frison (I9.6). 
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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 (19IOa, 1923) and 
in the first volume of Wasmann's " Gesellschaftsleben der 
Ameisen" (I9I5c). 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 
(1891) divided all these consociations into two categories, 
the " compound nests JJ and " mixed colonies JJ. 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 knovm 
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, parrecismic 
(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 cooperation 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 "'ith the host. 

(1) 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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FIG. -12. \Yingcd queen of Carebara ridl/a carrying the minute, hlind workers of 
her own species attached to hcr tarsal hairs. 

(faa p. 279 
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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 
Dorymynnex 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. Arnold (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 ,\\-1th intercommunicating 
galleries, under the same stone 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 form. 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 (18<)8) 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 bro'\.\"Jl 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 Leptotlwrax 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 (\\-neeler, 1901C, 1903c, 1907c). 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 chambeTlin£, which lives in the nests 
of Manica mutica in Utah, and has 'wingless males 
(Wheeler, 1904c) , and the European FOTmicoxenus 
nitidulus, which lives in the mounds of Formica Tufa and 
pTatensis and also has wingless, but decidedly 
ergatomorphic males. 

Although F. nitidulus has been studied by Adlerz 
(1884), Wasmann (1891, 1915C), and Stumper (1918a, 
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 Stager (1925) has been able to 
show that it obtains its food from its hosts in much the 
same manner as LeptothoTax emersoni. This is proved by 
the observation which I quote: "Two pTatensis workers 
were feeding one another in the customary manner, 
squatting and stroking one another's heads "ith their 
antenna! 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 indhidual and partakes of the drop. I can 
scarcely believe my eyes. 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 matches 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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FIG. 73. .\t'fIl1om.rr-x (C~pobroliau) SJ",,,,tlodJ'u 
Wheeler. a. Head of worker, dorsal aspect. b. 
ThoraJ and pedicel of same, lateral aspect. c. Head 
of male, dOl"'al aspect. d. Fore winlf of female. 

FIG. 74. a. \X·orker of Poly"~1IS Iwitlm, the "shining amazon", a permanent 
slave-maker of the Eastern United tates. b. ~ead of same, ho~ng the 
ickJe-shaped mandibles. 
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FIG. 75. a Worker of SIrO"l.r/ognalilll.r tuliJcntJ, a degenerate sbye-maker of Europe. 
b. Head of female of same. c. Head of worker of S. bllixri, an allied species. 
d. Worker of the pavement ant (T~tr(JhIOri_ caspit_), the host of the two 
species of Stroogylognathus. 

• 

FIG. 76. A temporary social parasite (Formica microg)'llll). 
a. Quee~ with ""figs removed. b. Large worker drawn to 
same scale. c. Head of same. d. and e. Petiole of ""orker 
and queen seen from behind. (Stt p. 2.92..) 
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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 (I905) 
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 

1 It will be remembered tha.t Darwin derh-ed the slave·making 
propensities of Formica sanguinea from just such a condition, and 
I atill believe, despite all of \Yasmann's arguments to the contrary, 
that there is considerable truth in the great naturalist's phylogenetic 
hypotht'sis. F. sangui.ua 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, ?leogagates, 
palltdetul;;a, etc.). 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. 

(I) The peculiar phenomenon known as slavery, or 
dulosis, which occurs in two genera of Formicina!, Formica 
and Polyergus, and two genera of Myrmicina!, Strongy­
lognathus and Harpagoxenus, represent three phylo­
genetic stages: a primitive stage in Formica sanguinea 
(Fig. 51), a culminating stage in Polyergus (Fig. 74), and 
a degenerate or evanescent stage in Strongylognathus 
(Fig. 7Sa-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 Korth America. It can be 
readily distinguished from the other species of the genus 
at least in the Old \Vorld and the Eastern United States, 
by the pronounced notch in the ely-peus. 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 (ISro) , the son of the blind Fran<;ois 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 Formicajusca, 
carry the worker larva! and pUpa! 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 jusca workers in the sanguinea 
nest. They might more properly be called" auxiliaries .. 
(Hilfsameisen). At least one of the subspecies of 
sanguinea (aseroa) 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 sanguinea 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 sanguinea, but its meaning remained obscure 
till I discovered (rgo5, rgo6, rgo7b, rgo8c), 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 sanguinea 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. As soon 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 pup<.e as she can snatch up and mounts guard over 
them. She slays any Jusca workers that are bold enough 
to attempt to regain their property and is therefore soon I 
left in undisputed possession of her plunder. Eventually 
Jusca 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 
larvre 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 Jusca colonies, but they do this as an army 
and carry the Jusca 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 
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qu~s of the American subspecies of sangui~a was later 
shown to be exhibited also in the typical European form 
by Viebmeyer (1908, 1909, 19IOa, 1910b, 1910C), Was­
mann (I908b, 1909C, 1910b) and Donisthorpe (I910, I9u ). 
It is evident that slavery is at bottom a form of predatism 
and has its origin in the inability of the young queen 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 jusca workers 
represent the host. Owing to the fact that the colony 
may eventually cease to increase its worker personnel 
by the kidnapping of jusca 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. samurai, 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 themselyes, 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 jusca colonies are 
effected with much greater dispatch and precision-one 
might say, with the most consummate eclat. At the 
approach of the amazons the jusca 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 
pupre excavate the nest, feed the Polyergus and bring up 
their brood but do not accompany the armies on their 
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raids. The initial stages in founding the colony have 
been studied by Emery (1908, 190<)a, 1909b, 19IIa, 19ub), 
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 jusca 
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. 7Sa-c), which have sickle­
shaped mandibles like Polyergus, though they belong to 
a very different subfamily, the Mynnicinre, and always 
live in colonies of the common pavement ant, Tetramorium 
crespitum (Fig. 7Sd). Our fragmentary knowledge indi­
cates that we have here some of the degenerate or 
evanescent stages of slavery. The workers of S. rehbinderi 
and huberi seem still to make forays on Tetramorium 
colonies and to carry home their brood (Forel, rgoo), and 
Kutter (1920, 1923) has recently shown that aIpinus, a 
subspecies of huberi which I discovered some years ago 
(1909) near the headwaters of the Visp, within sight of 
the Matterhorn, 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 cresfrit14m whose brood they are 
bent on kidnapping. Finally, S. testaceus, the best-IolO"wn 
species of the genus, no longer makes forays and is tending 
to lose its worker caste. Wasmann (r891, 1915c), 
Mrazek, Forel and I (1909), have found that colonies of 
crespit14m infested by this species may retain the host 
queen. In order to establish her colony, therefore, the 
young testaceus queen probably associates herself with a 
young, nest-founding CIXsp£tum queen. In the mixed 
colonies of other species of Strongylognathus and T etra­
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. sublavis of Central and 
Northern Europe, and americanus of the Eastern -enited 
States, must be included among the dulotic, or slave­
making ants. The European sublcevis has been studied 
by Adlerz (1896) 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 Leptothorax aceroorum or muscorum, seize 
the brood and carry it to their nest. The beha"iour 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 pUpa! that have been left or have 
fallen to their share. 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 pupre. But in the case of 
ergatoid females this type of founding a colony is 
improbable since the outcome must be easily frustrated 
compared with the founding of a colony during a foray. 
The two colonies, furthermore, had the appearance of 
having been established in plundered nests". 

H arpagoxenus americantts was discovered by Pergande 
in a nest of Leptotlzorax curvispinosus at \Vashington, D.C. 
and described by Emery in 1895. In 1906 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 
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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 sublcevis. In two localities 
in New Jersey, Sturtevant discovered some seventeen 
colonies, in most of which the yellow L. curvispinosus 
was the host, but occasionally this rOle was assumed 
by the black L.long£spinosus. His experiments show that 
the behaviour of the parasite is very much like that of 
sublcevis. 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. longt"spz'nosus. though one 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 sec 
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 tum tended by the resulting Leptothorax workers, 
until in time there arises a mixed colony. \Vben 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~peration 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 Polyergus 
but with this the similarity ends. There is no rapidly 
mO'ving 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 see more than one Harpagoxenus 
leave the nest at the same time. On one occasion a 
column of three departed for the Leptothorax nest. 
However, this column broke up almost at once and was, 
I believe, purely fortuitous. On arri\ing at the Lepta­
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 they 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. Ho\',ever, 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 fanning 
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 Formi~ and Lasii among the 
Formicinre, certain species of Bothriomynnex among the 
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Dolichoderinre and a few species of Aphrenogaster and 
Crematogaster among the ~Iyrmicinre. I 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, ",ith 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 jusca 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. Tufa and exsecta are the types. These ants 
(F. Tufa, pTatensis, ObscuTipes, 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, 1912a, 1912b, 1913a, 1913b, 
1924), Crawley and Donisthorpe (1913), Kutter (I913a, 
1913b, 1917), Tanquary (19II), myself (1908c, 1909) and 
others. 1 

t :More tha.n twenty species of Formica of the mfa, 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 pallidajulva 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, 1909b, 1923a, Tanquary, 19II, \Vheeler, 1917a, 
Ruschkamp, 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 bicornis workers (Donisthorpe, 1897, 1922, etc., 
Crawley, 1910, Crawley and Donisthorpe, 1913, de 
Lannoy, 1908, Forel, 1908, Emery, 19o8a, Was mann , 
1909b, Bonner, 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 19I7 
to observe numerous young queens of L. umbratus 
subumbratus in the act of hunting out colonies of L. niger 
var. neoniger and sitkaensis and securing adoption in 
them at an altitude of 9,000 feet at Cloudcroft in the 
Sacramento Mountains of New Mexico. The female 
subumbratus is covered with long, yellow pile and has a 
delicate and peculiar odour. A similar pilosity is also 
observed in the female of L. ciliatus of Cashmir, which is 
therefore in aJl 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 umbratus queen. In the case of 
Bothriomyrmex decapitans the massacre of the host queen 
has actually been observed by Santschi (r906, 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 nigeTTimum colony, when 
she permits herself to be seized and "arrested" bv its 
workers. These then proceed to drag her into their 
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FIG. n. Female of a workkss pennanent social 
parasite. WbN~U. silldubii Fore! from orth 
Mrica. 

FIG. 78. A. "'orkerless, degenerate, pennanent social parasite (A~/u 
a/ra/IJIIJ) of Europe. a. Virgin queen. h. Old, egg-laring queen with cnlar~ 
gaster. c. Head of same from front. d .• lale, which is u'ingless and pupoidal. 
e. Head of same. • • 
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FIG. 79· The .\rgentine am (lridomrnllfx bumiliJ). .\. \X'orker. 
.\". Peti"le of same in protile. B. Dealcated female. B'. Head. 
of same. C. .\[ale. C. Head. C. Petiole. (.\fter \X. 1'>ewell.) 

.'t'. Head. 
B". Petiole 

(See p. po.) 
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expression, by a band of Monomorium workers, which 
tug at her legs and anteIl.n<:e 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, 1915b) of the 
Congo and Bruchomyrma acutidens of the Argentine 
(Santschi, 1922) are much more highly modified and 
represent the last stages of parasitic degeneration. In 
Anergates, which lives wi.th Tetramorium c(£spitum and 
has been studied by a number of investigators, the queen 
is small and 'winged, but after deiilation 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 brother"! and sisters 
(" adelphogamy" of Forel). Th~ conditions in Aner­
gat ides 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 
is particularly true of Formica fusca, Tetramorium 
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CCEspitum, Tapinoma nigerrimum, Monomorium siZlomonis, 
Leptothorax acertJorum, 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, somt> ._;i which are among the rarest of 
ants. During mc;~<! than furty years Forel succeeded in 
finding only J. few colonies of A nergates atratulus in 
Switzer!?ad, which has a rather exuberant ant fauna, 
and tile species was only recently discovered in Great 
Britain. The North American EPCECUS 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 M onomorium 
minimum. Nearly all the other permanent parasites are 
known only from specimens taken in single colonies of 
abundant hosts. It \"ill also be noticed that some of the 
latter, e.g., Formica fusca and Tetramorium cCEspitum 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 variety. This peculiar susceptibility to 
parasitic infection on the part of vigorous species of 
Formicidre is interesting in connection with the similar 
conclusions of Raines (I922) 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-namely, parasitism, commensalism, and 
symbiosis, the class of biological phenomena in which 
one organism lives within, and derives its sustenance 



EVOLUTION OF THE SOCIAL PARASITES 297 

from, the tissues of another living organism. In each of 
the four main groups of parasitic organisms-the bacteria, 
the protozoa, the worms, and the fungi-a series of 
intergradations are to be observed in the physiological 
interrelations 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 hose. 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 'igorous 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 ofthe parasite. . In thegroupofthe 
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 
is 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 Lalium 
temulentum (described by Freeman. 1(03) in which the 
relation is so intimate and devoid of any untoward effect 
on the host, and the life history of the cohabiting organism 
is so parallel 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 

I 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 types of behaviour exhibited by the 
dulotic, temporary and permanent social parasites among 
the ants. They obviously form a series comparable 'with 
the predatory (s:ynechthran), synreketic and symphilic 
series among the myrmecophiles and the ants which 
form compound nests 'with other Formicidre. 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 Pieron (I9IO) contend that it is 
represented by the temporary parasites and would derive 

. their behaviour from that of queen ants 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, Bmn and I contend, however, that 
predatory behaviour of the t:ype 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 
Tufa, 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 
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admitted that the temporary and permanent parasites 
and at least most of the dulotic species (Strongylognathus, 
Polyergus, 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 among solitary insects, other animals, or plants . 

• • 
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CONCLUSION 

IF 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 Mastotermitidre and Calotermitidre, 
culminate in the specialized and exuberant Ethiopian and 
Oriental Termitidre. 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 fa:ces, 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 "ith 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 Ipidre (Scolytidre), Platypodidre and Passalidre, 
in Phrenapates among the Tenebrionidre and Parandra 
among the Cerambycidre. 
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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 Vespoids and Sphecoids presumably arose among 
the Bethyloids, now a highly diver5ified complex of small 
archaic forms. The bees, culminating in the social 
Apinre certainly had Sphecoid ancestors and the social 
Vespidre and Formicidre may be safely 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 tum 
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 Oryssidre, became parasitoidal and thus opened the 
way for the extraordinary efflorescence of the Terebrantia, 
all except a few families of which (Cynipidre, 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 ofispring. The primitive 
Vespoids and Sphecoids exhibit practically the same 
behaviour as the Bethyloids, but with the increase in the 
number of flowering plants during the Cretaceous, some 
of the groups (Apidre, Masarinre) 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 
Tenthredinidre have become entomophagous. In the 
Oryssidre and Terebrantia this habit has also been acquired 
by the larva. Among the Vespoids and Sphecoids the 
adults have become more or less nectarivorolls, whereas 
in bees and most Masarinre the larvre 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 larvre on seeds. and 
the larvre 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 carrying their larvre 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 " 
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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 ""ith 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 o'wn 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. 

(1) 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 celis, has often been discussed, 
especially by Herbert Spencer, Espinas, Haeckel, Ribot, 
de Lilienfeld, De Greef, Fouillee, Novicow, Waxweiler, Rene 
Worms, Barth, and others. Recently the whole subject 
has been submitted to a searching examination by 
Ferriere (I9I5). 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. 
Humanity is really a very intricate association of groups 
held together in their cooperations and antagonisms by 
activities partly conscious and partly unconscious, \\ithout 
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. 
Ferriere 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 
Metaph:yte in possessing a definite boundary, stature, 
structure 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 hyperorgani'>m of the second degree. The 
distinction emphasized by Fouillee and Ferriere, 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 n."l{ed 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, 1}"1Ilph, 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, micellie, 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 "cooperation" 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 they be taken in the sense 
of biological dependence, are less obvious, but cooperation 
and especially accumulation, as ShOWL in the hoarding 
of foods, the preempting 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 indi"iduals and leading to overproduction Of 

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 only 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 

!() 
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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 u, 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 are so 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 ~ay in America, a lot of our social 
inheritances, traditions and habits--till we decline to 
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accord to the aged, whose only desire is to " sit tight ", 
an undue preponderance in our affairs and tum them over 
to the young, who have at least a love of novelty and 
experimentation. To put it .. erne, 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 phylogenetic 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 frequently recurring opportunities for a certain 
number of new adaptations as they are required by the 
very gradually changing environment. 

(3) Espinas long ago dhided animal societies into 
nutritional and reproductive, the former represented by 
such forms as the Siphonophores, the latter by the social 
insects. The distinction remains valid to-d.ay. In human 
societies the most distinctive acti,ities are evidently 
psychical, but in each type of society, the higher embraces 
also the salient characteristics of the next lower, as in the 
old Aristo~elian schema in which nutrition is given as 
characteristic of plants, nutrition and sensation of 
animals and nutrition, sensation and reason of man. 

1 This language is very shocking. but it would be easy to draw 
up a list of tiftv well-meaning superannuated reactionaries. -headeJ by 
\\'illiam Jennings Bryan. who within recent vears ha,-e done more 
harm to civilization than any equal number of criminals one might 
select. 



308 THE SOCIAL INSECTS 

There can be no doubt that the raison d' are 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 preeminent, and 
this is tme 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 
elite of fertile females, a very different condition from 
what we find in human societies whose progress depends 
on an elite of intellectual individuals of both sexes. It 
is 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 civilizationc;. Societies decay 
intellectually or rather approach the social insect 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 exacting that 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 tennites), that the specific 
structure and behaviour of the individuals belonging to 
the different castes are definitively fixed on their emer­
gence from the pupee. Human caste development, though 
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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 born 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 consists 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
tioD. 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 appl:ying 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" 
" 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.1 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 (I913b) on termites are 
particularly instructive in this connection. The former 
found that in old 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 6]#, 
in the old king the dimensions increase to 135-162#, in 
the old queen to I75-I90,I/.. The heart, fat-body and 

I According to Langhofer (1897). the mouthparts of the honeybee 
and humblebee are less developed than in such solitary bees ilS 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 Fonni­
cid;e the venation shows increasing simplification as we pass from the 
primiti"e Ponerin<e and Dorylin<e to the highly specialized Formicin<e. 
The same is true in the reduction of the sting. whIch is highly developed 
in the lower groups and vestigial in the Dolichoderirue and Formici.xue. 
as it is also in the :\leliponin<e 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 (r<)o7) and C. Perez (r9I2, r92o) in 
queen ants after their nuptial flight, has been noticed in a 
fonner lecture. Besides these and similar ontogenetic 
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 (r<)o5), 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, r<)02, 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 in nuce, and 
although specializations have arisen at all stages of 
phylogenetic development, nothing really new has 
appeared but only modification or reductions of what was 
originally 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 lalx:>ur and caste differentiation. 
On the whole, therefore, we might postulate a regressive 
development in the termites". A comprehensive view 
of the Formicidae leads to the same conclusion. The 
potentialities of the various caste developments in the 
highest subfamilies are all present in the primitive 
Ponerinae, 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 organUed and 
efficient insect. 

It is interesting to observe that effects analogous to 
those we have been considering in insects may also be 
detected in civilized man compared \\,lth 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, \\'i.th 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. The study of Le Bon (1925), Martin 
(1920), McDougall (1920), Freud (I921), 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 "I. Of course, the crowd displays in an acute and 

I It is interesting to note that the higher social insects, especially 
wasps, honeybees and ants display phenomena similar to those of 
hum~n mobs-high emoti\'ity, suggestibility, rage, etc. These 
~nifestations, moreover, occur only in populous colonies, since a mob 
llIlplJes a number of cooperating indi"iduals; 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 fla.ttering, 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, I922). 
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 ]uppont, Boas and Starcke, not to mention 
historians like Spengler and TO\V"Iler, to express equally 
pessimistic views of human capacities and civilization.,. 
According to Dide and ]uppont (I924) "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 \"ith 
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 I849. Later Hahn called 
attention to it; I dwelt on it in 19II, and in 19I3 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 it'> length. 
Permanence of the female breast, anomalies in sexual 
behaviour and the lack of a mating season belong in the 
same category". The psychoanalyst Stat-eke (I92I), 
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 ",ith the follo",ing 
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 ::esthetic compulsion ,,,ith 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 in another 
passage Starcke 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, 
he is now engaged in destroying much ofthe remainder ofthe 
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 (Spengler, 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 Egyptians, 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 ",·ish. 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 years 
and this, since the workers are short-lived (three to four 
years), would be about the length of the colony's life. 
But when fertilized daughters of the queen are adopted 
from year to year by the colony, it may live much longer­
to an age of forty or fifty years or perhaps more, but in 



3I8 THE SOCIAL INSECTS 

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 Vespinre, 
Apinre and Meliponinre 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 domesticated animals is proving to 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 Po nerinre , 
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 Myrmicinre and 
Formicinre 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 are able to live even on 
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 destroying 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 everywhere 
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 larva! and adults killed and 
slowly dragged away. Proceeding still farther inland one 
comes upon the untouched, original forest, which, ov;ing 
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 I ridomyrmex 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 humilis 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 "Bri ti;.h Ants" (I927). Donistborpe 
records I. humihs as ha"ing been recently introduced into houses in 
various parts of Great Britain, as fal' north as I:dinburgb an,] lUto 

Guernsev and Germa.nv (Hamburg). He observed it at Palelmo in 
Sicily and Kutter (I92i) found it established in the vicinity of J\aples. 
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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 1?heidole 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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Annelids, 178,189 
Anomma, 159 
Anoplotermes, 157, lBo, 181. 186. 

IS7 
Anthiillum, 310 
Anoxus 61 
A nther;Phagus och"aceus, 251; 

paJlens, 251 ; silauus, 251 
_~thoboscida:, 57, 58, 109. III 
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Carboniferous, l"pper, 129 
Cardiocondyla, 173 
Carebara, 159. 174. 175. 196 • 279 
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ChOt'izC>ps loricatus, 190 
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bunda. ,,2 
Clark, J., 28 .. 
Clausen. C. P., 42-"5 
Claviger testaceus, 269 
Clavigerid<e, 261, 262 
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Comstock, J. H., 26.31.55.58.59. 
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co-operation. 12. 305 
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Coptotermes, 143; ceyl_iC14s. 188 
Cordia aIliodora. 19 
Corotoca melantho. 266; phylo. 266 
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Cragg, F. Vol •• 256 
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25i. 292; alligatrix, 258; 
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Cry-ptocercus. 150; pwnctw.latws, 
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INDEX 

Cynipidre. 35. 50. 162. 169.301 
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Da\is.]. J .. 66 
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Dodd. F. P .. 259-261 
Dc·nhot. E .. 218. 239 
Doflein. F .. 231 
Dohanian. S. M .. 163. 164 
Dolichodennre. 105. 106. 119. 123. 
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Dutt. C. R .. 256 
d\'strophaptic insects. 12. 47. 48 
Dzierzon rule. 92. 95. 162 

Echinopla. 125 
£Citon. 15. 58. 159. 170• 2·42. 253. 

2S3. 284; bunhel1i. 283; hama­
tum. 283 

Eckermann. J. P .. 307 
Ectatomma. 205 
Edwards. 257 
efileurage. 242 
Eidmann, H., 234 
elan \'ital. 23 
Elas"'"s f abellatus. 51 
Ela terid: 60 
Electrapis. 80. 98 
Electrotermes. 142 
Elis. 112; 4-notata. 66 
E .. ,ha n:aiC'f'. 148 
Embidana. 16 
Embilda;. 16 
Emb:idina. 147. 148 
EmlxMmida;. 57 
Emt'lja!l(.ff. X. 219 
Em",aci;.1 -; abel/ata. 249 
emergence. 24 
Emerson. A. E .. 136. 149. 185. 186. 

~b-

E~erton. l H .. 10 
Emery. c.. 104-106. 111. 114. 123-

12.". I j2. 173. 193. 195. 202. 204. 
205. ZII. 210. nS. 219.221.235. 
25;:" li-cl. 293. 298 

emotivity. of man. 313; of social 
insl\:ts.3 13 

Enderlein. G .. 1I0 
Yon Engelhardt. 153 



INDEX 
entelechy. 23. 220. 221 
Eocene. 34. 114. 1I5. 117. 128. 129. 

141. 215; Green River. 34; 
Lower. 141 ; Upper. II7 

Eojol'mica eocenica. 17 
Epeil'a ba1tdelieri. 7 
Epeolus.77 
Ephedrus i1tcompletus. 47 
Ephemerids, 14, 29 
Ephestia ki.hniella, 51. 53 
Ephialites extensor. 250 

Ephialtites. 34 ; jurassicvs. 27 
epigenesis, 191 
epimegetic males. 171 
Epipheidole. 294 
Epiponiru:e. 15 
Epcecus, 17+. 2()4; pel'gandei. 296 
Eptjpostruma (Colobostruma) lea, IBg 
Ep:nis, 57, 59, 60; e.'(trallcus. 60 
ergatandromorphs, 218 
ergatoid females, 289 
ergatomorphic male. 281 
Ericace;e, 85 
Erichson, W. F .. 241 
En,cinido:e, 260 
Eseherich. K.. 104. 135. 213, 236. 

254. 268 
Espinas, A .. 5. 304, 307 
ethology. 2 I 
Eucamponotini, 121, 123 
Encera. 82,99, 237 
Euchari<i<e, 38, 41. 44. 46. 262; 
Eucharis myrmecia, 41 
Eucondylops konowi. 275 
Eulo:ema,83 
Eulophid. 52 
Euglossa, '2, 83; lIigrita. 83; 

S!lYmamensis, 83 
eumegetic males, 171 
Eumenes, 69, 249 
Eumenid;e, 59 
Eumenidino:e, 68 
Eumenin;e, 15, 67. 69. 71. 82. 113. 

169 
Eumorpha. 83 
Eunausibius. IS. 18. 19; whuleri. 

17 
Euparagina!, 68 
Euplectrus bicolfjl'. 52; cam-
I, stock i, 52 
Eup0>lera se1ttJal'ellsis. 158 
E usphinctus, I 12 
Eutermes, 145, 156, 181. 187, 214. 

227; aquih"'<5, 180; bit'alens. 
180; c~taneiceps, 180; chaq"i­
mayensis, 178 ; cypherga5te~, 181 ; 
dit'eYsimiles, 180; fossa,,,,,,, I.~I ; 

jl'aasi, 142; lseteropterus, 180; 

Iwspitalis. 181; lacustris, 
monoceros, 156; mario, 
pilifrons, 183; sanchezi. 
tenuirostris, 181; trinervius 
180; .... elox.I80 

eutrophaptic insects, 12, 48 
Evaniido:e, 33, 3·t, 48 
Eversmann. E .• 90, 91 

183 ; 
183 ; 
183 ; 
154. 

evolution, 19. 22, no, 211; of 
Aculeata. 302; of ants. 104 et 
seq.; of bees. 75 et seq.; con­
vergent. or parallel. 302; of 
guests and parasites, 246 It 
seq.; 298; of plants. 80; of 
physogastry, 266 ; of social 
parasites, 273 et seq.; of ter­
mites, I30e/seq.; oftermitophiles, 
265; of wasps, 50 et seq. 

EX01'ist.l lobelia. 38 
exudates. 99, 213. 232, 236, 238• 

262, ;66 
exudatoria. 234. 248,264. 267 
Ezikov, J .. 195, 199,212 

Fabre, J. H .. '1, 11, 45 .• 6. 90, 
91 -93. 95, IIO. 153 

families of social insects. 12 
Farquharson, C. 0 .. 256-258 
Farq"harsJnia rostrata. 258 
Fedscheukia. 1 II 
Fedscheukiid;e, 109. III. 121 

Fedschenkiin<E. 10<} 
females, a typical. 173; ergato­

morphic. 155; pathological, 172; 
typical.Ii3 

Ferri0re. A .• 304 
Ferton, C., 1,59,66.67.79,90.275 
Feytaud. J., 152. 2J3 
field. trophoporic, 255, 256. 257. 

30 5 
Flelde, A. :<'1.,165,202,284,311 
Fischer. E., 314 
Fiske, J .. 13 
Fiske. \V. F., 302 
Fletcher. H., 275 
Fceuio<E. 33 
Forbes, S. A .. 66 
Ford. ~ .. 40, 150 
Forel, A •• 41, 104-106. III, I:Z3. 

165, Ii6-I79, 216. 225. 23 I • 

242, 280, 293 
Forficulido:e, 16 
Forficula auricularia, 149 
Formica, 16, r03, II6, 212, 285, 287. 

291; a·'erva, 285; cinerea, 2 84 ; 
consocians, 292. eoptera, 117; 
ex'ecta. 292; exslcl.liaes, 224. 
253. 292 ; flori. Il6, 217; fusca, 
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126, 217, 207, 284-287, 292, 295, 
296 ; hetuopteYa, 115; neogo­
gates, 284; ubscuripes, 292; 
pallide-j"Zva, 284, 292; pra­
tens!s, 282, 292; rufa, 210, ZI2, 
281, 292, 298; sa7l<f"inea, 206-
208,232, 259, 262,269, 270, 284-
287, 289, 291, 298; schaujussi, 
177, 17S 

Fonnicid:e, 16, 58, 65, 76, 101, 104 
et seq., 121, 143, 168, 216, 296, 
298,30I,310,3IZ 

Fonnicin:e, 105, 106, log, 119, 123, 
202,234,242,263,285, 291, 310, 
31 9 

Formicoxenus, 172; nitiduJus,210, 
2S1 

Fossores, 56, 60, 77, 78, 80, loS 
Fouill~'e, A., 11, 304 
Fox, W. J., 77 
Freeman, 297 
Fremddienlichkeit, 226, 271 
Freud, S., 313 
Friese, H., 76, 78 , 79, 83, go, ga, 

238,275-2 77,310 
von Frisch, K., 148, 231, 237, 242. 

243 
Frison, T. H., 215,276,277 
Froggatt, \'1. Vii., 137 
Frohawk, F. S., 260 
Fulgorid<e, 64, 238 
Fullawav, D. T., 61 
Fuller, C., 151, 156 
Fulton, B. B., 149. 154 

Gabrichevsky, E., 251 
GaleY1<ce:la xanthomelama, 53 
Galleria mel'mella, 239, 252 
generations, alternation of. 161 
Genieys, P., 48 
Gesomyrmex, lI8, 124, 125; 

ch'1peri, II8; howardi,125 
giantism, 173 
Giard, .\., I, 162,164,171,2]4 
G'ardwaia I4rinatur, 49 
Gigantiops, 124 
Giraud, J., 67 
Glyptapis, 80 
Glypttls punctutatus, 266 
Goeldi. E. A., 251 
Goethe, W., 214,307 
Goldschmidt. R .. 118 
Goniozus, 61 
GOllocephalum seriatu"., 60 
Gosse, 66 
de Gourrnont. R., 228 
gradient, axial, 21 I 

Grandi, G" 51, 170, 171 

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

Green, 148 
Green, E. E., 255 
Griffini, A., 170 
Gryllids, 153 
Grylloblatta ca",podeiformis, 150; 

barteri, 150; ishiana, 150; 
nippJnensis. 150 

Grylloblattaria, 150 
Grylloblattoidea, 147. 150 
Gryllotalpa. 16 
guests, 229, 235, 261, 268 
Gutbier, A., 90 
Guyon, L.. 256 
Gymnosperms, 80 
gyn;-ecoid workers, 166. 214 
gynandromorphs, lIS et seq. 

habits, anthophilous, 301; aphidi-
colous, 106; arboricolous. 122. 
123; coccidicolous, 200; den­
drobious, 98; entomophagous. 
200. 301; hypog<eic, 123, 268; 
mycetophagous, 106, 282, 283; 
omnivorous, 200; spermato­
phagous, 106; terricolous. or 
humicolous, 98. 106, 121, 123; 
trophobiotic, II8; vegetarian. 
301 

H abrobracon bretlic01'1lis. 53. 163; 
j0hann;e1fi, 53 

Ha.~r<)Cvt".; cionicida, 53 
Haeckel. E., 304 
Haerter. 238 
Hagiomyrma, U5 
Hahn, 3I.~ 
Halidav. A. H., 57. 5S 
Halicti-n<e, 16, 165. 167, 224, 227. 

250 

Hallctus, 5. 16, 77, 83, 84. 90-92. 
100-102, 165, 189, 275, 276, 3 17 ; 
caleeatus. 91 ; (Lucasius) ci~l'iPes. 
93; cylindric·us. 91; Judi~1IS, 
92; (A. us0chiJ1'a) humeral is. 90. 
91; immar';l>11lt"s, 93, 95; 
laiipes, 4; linealatus. 03; long-
14["5, 94, 95; macula/US, 93; 
maiachunls, 93-96, 169, 275; 
moria, 93; )1i,;yicOl'nis, 4 ; pauxil­
Ius, 95; P1'l.,,'WSUS, 251 ; puncti­
collis, 93, 95; q,,"dricilt, tt4S, 91. 
95; SCabluS{]1, 91, 95; sex:inctus. 
91, 93, 95; surar, 93; t',ilas"lus. 
93, 95; (Chiuralictus) zephyrus, 
90 ~ 

Hamaker, J. J., 178 
Hamamelis t'irginica, 40 
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Hamearis epulus signaJus, 260 
Handlirsch, Adam, 45 
Handlirsch, Anton, 20, 26. 27. 29. 

30 . 33, 35, 36 . 55. 56. 58. 59. 77, 
So. 81. 97, 106. 107, 109, II I. Il2, 

II4. 120, 126, 127. 141. 143. 150, 
153 

Harmolita. 50 
Harpagom)ia. 257. 261; jarqv­

harsO"ni. 257 
Harpagoxenus. 169. 285, 289, 299 ; 

amencalJus. 289. 290; sub-
Im·is. 289. 290 

Harris. R. G., 171 
Harris. T .. 189 
Harvey, 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. 18,.-186, 

21 3 
Hebard. M .• 1+7 
Hedley. 128 
Heer. '0 .. II4 

Heikertinger. F .• 271 
Hemileuca olivt:e. 53 
Hemiptera. 170 
Hemiteles area/or. 163. 164; ful­

t'ipes. 164; longicaudil. 164; 
te11eilus. 163. 164 

Henning. H .. 225. 243 
Hentz. X. M .• 190 
Herbst, 91 
hermaphroditism. 272 
Herms. H. B., 195 
Herrick. C. J '. 239 
Hertwig. 0 .. 193 
Heselhaus. F .. 99. 276 
heterochroma tism. 101 
heterodont males. 17r 
heterogonv. 170 
Heterog:ma. 59. 109, 114, 1I9, 121 
heteromorphosis. 161 
Heteroptera. lb. 255 
heterosymphagop<edium. 3 
heterosymporium. 4 
hetero,,-nepileum. 3 
Hexapoda. 2b. 246, 248 
Heymons. R .• 46. 48 
Hieracium, 94 
Hill. G. F., 138 
Hingston, 187. 220 
Histerid<e. 261 
history, 20 

Hochieuter. R .. 241 

Flodo~es.139, 1+1,142. 156.187, 
227 

Flodotermitidz. 136. 156 
Flodotermopsis. 1+1 
Hoffer. E .. 276 
Holepyris. 59; hawaiieftsis. 60 
Hollidav. M .. 209 
Holmgren. N .. 135-138. 178. lSo-

182. 18S. 213. 236. 310. 3II 
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 

honey-dew. 18.248. 302 
Hood. ]. D .. 58 
Howard. L. 0 .. 38. 53. 54. 61 
Howes. P. G .. 6g 
Hormiinz. 33 
Huber. F .. 285 
Huber. P .. 170. 285. 286 
humble-bees. 197. 310. 317. 318 
Hungerford. H. B.. 45 
Huntington. E .. 127 
Huxley. T .. 22 
Huxle)-. ]. S .. 170 
Hyla Iichenata. 189 
Hyl;eodes. 79 
H\'mellOchimaer" abnormis. ,58 
H·ymenoptera. 15. 24. 25. 27. 30. 

35. 38.47. 53. 59. 120. 153. 162. 
268. 300. 301. aquatic, 48 , 49 ; 
parasitic. 163; stinging. 50 

hypermetaI'1orphosis. 36. 46 
hyperparasites. 38. 293 
hypertely. 271 
hYpertrophy. 310. 3Il. 316 
hyph<enosymphily. 253 
Hyp,borus ficus. 51 
H; pxli nea bitube.-culata. 256. 258 
hypomegetic males. 171 
Hyslop. J. A .• 60 

Ichneumonidz. 33. 34. 47. 58. 62. 
131 

Idarnini. 51 
Idiog'astra. 26 
Yon Ihering. H., 101. 102. 127. 1%9. 

10-

von'r'hering. R .. 72. 83,90, 100. 102 
imitation, social. 305 
Imms. A. D .. 138. 148, 150. 157. 

16~. 185. 186. 193.214 
infrasocial insects. 13 
instincts. 225. 226. H9. 230; 

symphilic. 230. 268-2il. 298 
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Inf usoria. 35. 138 
intersexes. 2 I 8 
involution. of castes, 312; of man. 

313; in social insects, 310 
IObwpsis polytrlcha. 139 
Ipida:, 15, 189, 300 
IridomvTmex, 173; gCE'pPerli, II8; 

gracilis, 284; humi/is, 319; 
satlguineus. 159, 259 

Iris, 84 
I soptera , 16, 19, 24, 135-137. 143. 

147.150.216.300.301 

jack. R. Wo. 165 
jacobson. E .. 256-2,58 
jalLbunathan. N. S., 10 
james. S. P .. 257 
janet, C .. 103. 112. 16,5. 169.233. 

2·42, 254. 311 
jassida:, 64, 259 
j eannel, R .. 64 
johnson, Ben. 243 
Jones, D. \\'., 149 
Jonescu. C. ~ .. 176 
Jucci, C., 138. 140. 1,56. 1,57. 182, 

184.198,213 
juppont, P., 314 
jurassic, 27. 28. 34.126.127 

Kaloterrnitidae (see CaloterIDitidae). 
r86 

Keilin. D., 64 
Kelley, E. 0., G .• 40 
Kemner. N. A .. 46, 232, 272 
Kieffer, ]. ]., 57, 61. 64 
King, ]. L.. 45, 150 
Kinsey, A. C., 34 
KirkaLly, G. W., 256 
Klatt, 314 
Klebs, R., lIS 
Kkin, 199 
Knower, H. M., 183 
hober, L., r28 
I';ohl, F, F" 80 
holbe, H, ]" 128 
honO\nella, 110, I II 
hornhauser, S, 1., 65 
horzyb,b', A., 133 
Koschcwnikow, G. A., 199,212 
Kosminsk\', P., 219 
Kroner, R" 20 
Kuehnle, K. F .. 178, 182 
Kunckel-d'Herculais, ]., 2,50 
Kuo, Z. Y., 230 
Kutter, H., 288, 292 

labour, division of, 132, 134, 165, 
21 5, 30 9 

Lachnostema, 66 
LJlilH tro!!odn'matis. 6r 
Lamborn. W. A., 256,261 
Lamee!"e. A .. , 159 
landbridges, 127, 128 
Langhofer, A., 78, 310 
de Lannoy, F .• 293 
Larrina:,77 
larva, asexual, 171; campodei­

form, 47; coarctate, 46; cyclo­
poid, 45; eruciform, 30 , 47; 
eucoilifonn, 45; first stage, 46 ; 
pupa, 17].; second stage, 46; 
typical p<edogenetic, 172 ; 
vagrant, 17~ ; vermifurm, 47 

Lasius, 101, 103, 173, 291, 202 ; 
alicnus, 205; americanus, 62, 
177,293; bicornis, 203; ciliatus, 
293; ;'Ia"us, 205, ~I2, 269; 
(Dendrala'ius) fltl1gi.lOs'Us, Iii, 
203; (Aca>llhamyops) latipes. 
293; minutus, 293; mixfus, 
254; (Acal1thom.\'oIJS) murphyi, 
293: myops, 212; netHllge". 
205, 293; nig~r, 103. 116, 165, 
17i, 205, 293; sc"ufferdec~en 
lIS. 126; sitkailiS1S, 293 ; 
sut-uJ?l:'ralus, 293; tcrreU5, 117: 
"",ina;".', 177 ' 293 ; \Oar . 
mCr£dlJ~laJis. 205 

Latreille, P. A., I, 26, 75. 83, 104. 
roo 

Latridiid, S 
Lebia, 47; scapulan's, 40 
Le Bon. G., 313 
Leconte. J .. 119 
Le Dantec. F., 227, 305 
Legewie, H .. 90 
Lelb\', R. W .. 163 
Leon'todon, "4 
Lepeletier de St. Fargeau. A. L. M., 

I, ~b, f.~. S4. '::75 
LepiJonc,ius. J 7'S 
Lepidoptera, 27, 29. 47, 153, 248• 

255 
Lepisma. ) 7S 
Leptamlla 105 
Lept,millin<£,, 106, II8, 119. 123 
Lcptanillini. r05 
Leptanil1oide;;. ) 12 
Leptol;{'Jl\·S. ) 5:', 169 
Lept"m\TmeX, ) 73 
Lettho,a l a({1-;:'c,'um, 210, 289, 2g6 ; 

(.ll:l1.ini.q,~. 20Q, 210; CU11'1-

s..I-)£n,.1,;:U5. 100, 2StJ. 290: rmcrS0'1i, 
2(l~. 20~L 2] I ; 280, .lSI; 1~1J1~i­
."ttH('SI4.', 20'9, 290; muscoruJn, 
289; (lbtu~al,'.·, 209 
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Le Salles, 315 
Lesp.>s, C., 157 
lestobiosis, 278, 279 
Lestrimelitta, 277 
Leuckart, R., 251 
Leucotermes, 143, 180; hartingi, 

142; meadi, 142 
Libellulopsis, 80 
libido, 226 
Lichtenstein, ]. L., 50, 52. 53 
von Lilienfeld, p" 304 
Limneriu", "'aiidum, 39 
Limonius a"onus, 60 
Limulus, 148, 179 
Lineburg, B., 198, 237 
Linyphia margi'lata. 10 

Liometopum pingue, 117 
Liopus cinereLls, 62 
Liphyra brassoiis, 261 
Lithandrena, 80 
Lithurgus, 80, 90, 97; detdipes. 

90 ; f'lScipennis, 90 
Litomas;ix :,.uncatellus, 171 
Lobopelta, 58, 255; elongata. 135 
Loboptera denpiens, 48 
Locke, J., 13 
Loc ustari<e, 150 
Locustids, 153 
Lei" .. " temt<ientum. 297 
Lomechusa, 206-208, 232. 259; 

strum,)sa, 262, 269. 270 
Lomechusini, 206, 261, 262 
Lomnicki, J., 270, 293 
longevity, of colonies. 317, 318 
Longman, H .. .\., 128 
LovejOY, . .\.0., 13 
Lubbock, Sir J., 48,165.251 
Lucanid<e, 160, 170 
Lucas, H" 83 
Ludwig, F., 90 
Ljiderwaldt, 90 
Lvea;.u ari,m, 260, 261 
Lvc;eniud'. 2-18, 261, 263 
Lycium,85 

~acGilliYray, A. D., 3[ 
~Iacomber, D., 11'5 
macrogna th males, 17 [ 
~laeterlinck, 24 
~Ialdanid;e, [8<j 

malaxation, 52, 81 
males, dimorphiC, 172 
.\!ClHtc;;tr~l Cra5skCF, 52 
Mammalia, extermination of, 317 
.\[ ,mica mutlca, 281 \ 
)Iann, W. ~I., 32, 43, 104. 125,249 
Manniella, 189 
Mantlds, 153 

Mantispa, 46, 47, 250 

Mantoidea. [50 
:Marchal, P .• I, 48, 52. 167. 193.275 
~Iarlatt, C. L.. 61 
~[arshall, G. A. K.. 10 
~Iartin. E. D., 313 
Mart,'no\', A .• 28 
)Iasarid<e, 67, 68 
Masarilin<e, 15,69.81,3°1,3°2 
Masari<;, 67. 81 
)Iassart, ] .. 274 
)Iastotermes, 136, 138. [39, [41-

I-!3. 187, 215; anglicus, 141 ; 
batheri, 141; bou rnem (mthensis. 
I-I[ ; c,.oaticus. 14[; darwiniensis. 
137, 138, 141, 215; whulen, 141 

)Iastotermitid.e, 136-138, 156, 300 
)[atausch, I., 64 
~Iatheson, R., 48 
~Iathews, A. P., 238 
:'oIatthew, 'V. D., 128 
)fan, G., 104, 114 
)lcClendon. S. F .. 112 
)IcDougal, W., 313 
:'olcIn,!ao, 241, 267 
)Iecoptera, 2:3, 29, 37, 47. 301 
Mecopteroid, 28, 29, 150 
Megachile, 77, 90, 98 
Megaloptera, 47 
)Iegal\Tid<E,47 
:\fegaponera, 242 ; ja!/ens, 158 
.l[ ega,teli.:us jOYmica,.ius, 253 
~Iehling. E., 219, 297 
)[ehlis, G., 20 
de )feijere,]. C. H., 256-258 
)Ielancier, A. L., 90, 150, 251 • 
)Ielanopthalma, 8 
JIe!a;,)ma inle,.,."ptum, 52 
}{elipona. 10,85,96, 97. 101. 102. 

I9 t . :jI 
Melipomn;e, 15, 16, 83, 84, 96, 97-

101,11:>;,178.197,224.227. 237. 
238,2-12, 251, 2ii. 310, 3 18 

Jleltp'JnoHetes sicula, 97; sucClni, 
9i 

.lldis;oblaptes aneU"s, 250 
Mel15sodes, So 
)Ielltuma, :32 
.\Ie/itt'lbla acasta. 53 
melittophiles, 24i, 2-1". 250-252 
)Ielo", 252 
:\Ieloidd', '15-47, l5 I 

:'.Ielophorus, 166; ba~oti, 235 
:\Ielliiera,75 
:'.Iembracids. 04. 65, 248 
:'-'Ienobranchus, q~ 
)Ieraporus. 53 
:'.leria, 57 
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Mermis, 204-206, 208, 262; albicaftS, 
252; myrmecophila, 205 

mermithergates, 204, 205, 2II 
mermithogynes, 205 
Mesaulacinus, 34; ovijonrais, 28 
)'Iesitius, 57 
Mesohelorus, 34; much;ni, 28 
Jlesvstenu, gladiator, 250 
Mesotermitid;:e, 136 
;\Iesozoic, Ill, 123,126,129,141,143 
Messor, 123, 202 
Metabola, 27 
Metalnikow, S., 239 
metamorphosis, 30, 161. 211 
metaphrenia, 315 
;\letaphyta, I I, 304 
;\{etatermitid;:e, 136 
:\letazoa, I I, 174, 304, 307 
)fethocid.:e. 109, III, 121 
:\Iethocin;:e, 121 
• Uetcecus paradoxus. 249 
Jlt't,)pina pachycondyla, 254 
)letzer, C., 198 
;\leyer .. -\ .. II. 20, 21 
)Iever. E .. 202 
)Iiastor, 172 
micraners, 270 
.Uicrobracon jug/andis, 51, 53 
microcephaly. 268 
)licrodon, 250, 253 
mlCrog'-Ues. 210 
:\licromalthus, 159 
rnicrophthd.lmv. 267, 300, 310 
).licrosporiclia. 252 
:\liddleton. 'V., 30 
)lidtertiarv, 216 
).Iik, J .. 64 
;\filichia argvratoides, 258; dedes, 

258: prcectes, 258; p,osates, 258 
:\Iilichilds, 26 I 

mimicry. zz6. 271 
mimosa. 85 
:\linnich, D. E., 240 
:\1iocene, 34. 38, 80, 96, 97, 114, 

115. 11'1, 141, 142 
;\1inotaurus, 15 
Miotermes, 142. coloradetasis. 142 
)Iirotermes. 156 
mites, 118, 253, 263 
mneme, 225 
:'otobius, K., 83 
Moliere, 27 1 
monocotyis, 80 
monogamy, 100 
monogynJ:. 100, 102 
monometrosis, 100 

.Von'Jm,Jrium indicu",. 256; ",ini­
mum, zg6; salomon;s, 294-2g6 

Morawitz. F., 174 
Morgan, C. L., 24 
Morgan, T. R .. 218 
Morice, R. F. D., 275 
Morley, C .. 58 
:\{orstatt, R., 156, 232 
.... f ortiS alba. 42 
.. mosquero." 8 
Mrazek, A., 31, 169, 205, 288 
Muller, R., 78 , 79 
Miiller. W., 48 
Muesebeck, C. F. W'o 163. 164 
Muir. F., 257 
Murray, A., 249 
:\Iuscids. 46 , 53 
mushroom bodies, 176, 182 
mutation, 161 
mutic males, 171 
Mutilla, 109; Mutia. 250; litt01'alis. 

250 

Mutillid;:e, 37. 57, 58, lOO}-Il I, 113 • 
IZI, 122, 251 

mycetometochy, 283 
mycephagy, 160 
MY(orrhiza, 297 
Myers, A .. jI 

M\-ers, J. G .• 7 
!'.Iymarid, 48 
Mvrma, 125 
M~'TIDecia. 117,212,313; forftcata. 

.41 : glliosa, 42 
m~'TIDecocleptics, 254, 261 
:\h'TIDecoc\'Stus, 101. 103, 166, 235 
M~'TIDecophila.. 254 
myrmecophiles, 1I8, 247, 252 et seq., 

262. 26", 27S , 296. 299, 30 5 
myrmecoph\'tes, )05 
}inmecopterina.l10 
l\[\'TIDe,ioma. 253, 266 
!'.Ivrmhopla, 126 
}iv-rmica, 116, 206, 207; canadensis. 

'20". 20Q. 280; l<1'Vinodis, 260; 
rttgtnodts. 219; scabrinodis, 260 

}inmicin;e, IOj, 106, Il9, 123, 173. 
-201, 202, 134,263. 285,288.292. 
31 9 

}iFffiorhachis, 125 
:'.1 vrmosericus, 125 
M~TmOsid<E. IIO. III, III 
:l>f;'Tmosin;:e. 109 
:\1;'Tffioturba, 125 
M"strocnemis, 57 
M~'zine, 112; andrei. 66 

nanism, 173. 2]0 
~aOfl:le, 255 
Xa,'- 'Ilia b"":'iwmis, 53 
Nassonoff's gland, 242 
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nasuti, 179, 180, 186 
Nasutitermes, 156; (Constriclo-

te,."les) cat,if,.ons, 186, 267 
Xausibius cJavicornis, 251 
Necrophorus, .. 
nectar, 243 
Nestarina, 71; lecheguana, 67, 73 
Necturus, 148 
Nelson, J. A., 195, 198 
Nematocera, 267 
Nemestrinidre, 45 
Neocon'nura erynnys, 91 
Seola"ra pruinosa, 77 
NeomyrmambI:ys, 189 
Neoponera, 123, 204; c"",,,,utaia. 

158 
Neoscleroderma, 61 
neoterua, 155, 180 
Neotermes, 138 
Nephilla, 7; plumipes, 6, 9 
Nereis, 178; t"irens, 178 
nests; compound,278,283; phrag­

mocyttarous, 71; stelocyttarous, 
71 , 74 

Neuroptera, 28. 29. 46• 47 
Newell. \V .• 202 
nidilication, 305 
Nieboer. H. J., 285 
Nielsen. ]. c., 59, 60, 79. 275 
Noctuid,40 
Nomada, 77, IJO 
Nomadina sisandina, 38 
Nomadininre. 37 
Noptoptera, 147. 150 
Novicow • ]., 304 
Novomessor. 123 
Nylander. W .. 58 
Nysson, 274 
N:l'"ssoninal, 80 

Ochromvia. 255. 256 
Ocymyimex. 173 
Odonata, 29 
Odontotennes. 180; pyistinus. 142 
Odontomachus. 204 
Odynerus, 15,' 69. 79. 249 ; 

sImulator, 249 
<Ecanthus. 153 
<Ecophylla. II 7. uS; barloniana, 

lIS 
recotrophobiosis. 233 
CEdi!'o_',J,.,a mirandum. 266 
Cf.notbera. 21 4 
Ohrvcall. 240 
Oligarces, 172 
Oligocene. 114-116. 119. 141. 215. 

217; Lower. 34,80.96, lIS, 126, 

216; Middle. 114; Upper. 20. 

34.96,97 
Oligomyrmex. 174. 235; pana-

mensis, 174 
Onions. G. W., 165 
Onvcbomvrmex. 169 
Ophion macmrus. 38 
Opisthopsis. 125, 159 
Orasema. 4-44. 208; viridis. 39. 43, 

203. 204 
orexis. 226 
O"ocharis. saltaiOY, 58 
Ortboptera, 16. 150. 153. 178 
Oryssidae, 26. 28. 30. 33. 34. 301. 

302 

Oryssus. 30. 31 
Osmia. 82. 99. 165. 195; i_is. 

98 
Ottramare. J. H .. 235 
oviposition. 32, 51-53. 89 
Ozysoma oberlhuri. 254 

Pachvcentris, 82 
Pach:'·condyla. 205. 233; Cf'lZSsifWila, 

158; montezumia, 254 
Pacbnnelus. 99 
Pacb:"sirna, 267; tPthiaps, 234; 

iatifrons. 234 
Packard, A. S" 251 
Pack·Beresford, D. R .. 274 
Paedalgus. 159, 174, 233 
p;ec!ogenesis, 161. 172 
PaLeobethylus, 58 
Palaeodictyoptera, 146 
Palaeodictyopteroid, 27 
Pallolhn'eus ;arsallls. 158 
Pamphiliidoe, 30, 47 
Pan<l:sthia. 148 
Pancesthinre. 147 
PaniscomiJ1la erlangeriana, 58 
Panorpatae, 28. 29 
Panorpoidea,28 
Pantel, J., 234 
Panurgus, 82 
PaplllO dardanus, 219 
parabiosis, 278, 280 
Parachartergus apicalis. 37 
Parachrysis, 57 
Paracolobopsis. 189 
Pararopidosomopsis jioridana, 171 
Paralictus, 276 
Paralysis of prey. 52, 69 
Parasitica. 35 
Parasitism, 24, 35, 40. 44, 65. 163. 

22Q, 248. 251, 265. 270. 272, 275. 
296-299, 316; fatal, 35; in­
quilinous, 35; permanent social. 
285. 294 et seq .• 298; protelian. 
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291 ; social. 101.208. 247.273 eJ 
seq .• 295. 296; temporary social. 
285. 291, 292. 298 

parasitoids, 35, 36, log, 248• 249 
Pareto, " .• 2 
Parker, G. H .• 239. 240 
Parker, H. L., 45 
Parker, J. B.. 45 
parrecism, 82. 210. 278, 279 
Parorvssid<e . .2 8 
Paror)'ss!ls £~tens"s. 28 
Paroterm es, 143 
parthenogenesis, 31, 32,91.93. 100, 

162 ; am p:o erotocous, 32, 92. 162 ; 
arrbenotocous. 3.2. 162, 163; 
tbeh-tocous, 32, 92, 162. 163 

Passalus, 15, 159, 160 
Passalid<e, 300 
patrimony. alimentary. 227 

cantonal. 227 
Patten, "-., 178 
Patterson, J. T., 171 
Paussid<e, 1I8. 261.262,26<) 
Pearl, R .. 14 
PelecinoiJea. 26 
Pelecim:s, 26 
Pemphredonin<e, 80 
Phez, C .. 169, 311 
Perez, De S •• 4'01 
P<'rez, ]., 1,90.275 
Perga. 16 
Perilampid<e, 38, 44. 46 
Perilampus. 39, 43; chr:,soptZ, 40 , 

4 1 : h"aJinus, 39-.p 
Perisemus, 59 
Perkins. R. C. L., 64, 67, 275 
Permian. 28, 126, 143,300.301 
Permocborista, 28 
Perm"h\'mea s:hucherti. 29 
Pcnphc>r,1 sQ>1t:uinoJenla, 189 
Perris, E., 64 . 
Petioli"entres. 26 
Petrucci, R., II 
de Peyerimhoff, P., 162. 170 
Pezard, 198 
Pe:omachus travocinctus, 51 
Pheidole, 43.166,174.187.203.227. 

235,242. 269. 205. 312: absurda, 
204, 206; Cc'lobof'sis. 180: com­
mUlata, 204, 206; ins/abiiis. 38, 
2°3: lamia. I; ~: m l;~cetJhaJa, 
31q-321; ."allld,.Ja, 205. 2.21; 
n7iliticiJa, ::!:: i; s,',tl.bio/lra, 205 

Pheidologeton, lIS,- lH, IS7. 203, 
~35: d,,'<'rSUS, 256 

Philanthin~, So 
Pbilanthus, 4, :';.2 

Phileremulus, 77 

Philippi, R. A .• no 
Philipps, E. F., 252 
Philotrypesis, 51, 170; eryth1'OIa. 

171; minuta, 171; "",spinosa 
vaT. on<ata. 171 

Phorida'!, 250, 253 
photophobia, 300 
phragmosis. 190 
Phrenapates. 15, 159.300 
phthisodinergates. 204 

phthisogvnes. 204 

phylogeny. 20. 21, 212. 268. ~69, 
271: of ants. 107; of Campo­
notini. etc., 124 

Ph_vllodromia germanica. 153 
Pb!~acaces, 283, 284 
PhYsocrema. 112 
ph~-sogastry, 265-268 
Pb)'1ophaga. 26-31; 33. 34. 47, 50, 

54.79.162.301.3°2 
Picard, F .• 36. 50, 51, 53. 61, 164. 

247 
Pieris rapa;, 53 
Pieron, H., 298 
Pietschker. R .• 176-178 
Pison. So 
Pis..<.Odes strobi. 62 
places .-ides, 247 
Plagiolepis, 166 
planidium larva. 39-43. 45. 47. 203 
von Pl anta , :\., 198 
Plath, O. E .. 221. 276. 277 
Platva,"th,.us hofjmannseggi. 253 
Platygastrid<e. 45 
Platypodid<e. 4, 18g. 300 
pleometrosis. 100, 110, 298 
pleomorphism, 24 
plerergates. 166, 31l 
plesiobiosis. 210, 278. 279 
Pleuropterus, II 8 
Pleurotropis, 164 
P1umariid<e. 109, lID, IU, 121 
Plumarius. 110, II. 
P;"sia gam"",. 52 
Pocock, R. ] .. 10 

Podilegida-, 83 
Podo,nvnna femo,.ata, 320 
Podurans. 253 
precilandry. 162, 170,171,221 
Pa:C!i,'_-', '"oa com·ict,.ix, 9 
preCllogouy. 162. iiI 
precilog\'ny, 162. 170-173. 221 
PogonomvTInex. 123. 202. 279 

PQlsson, R., 170 
Polistes, 15. 67, 73. 74. 101. 233, 

2~Q; canadensis. 37; metnca, 
233 

Polistin.e. 15. 73, 75. 166. 224 
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Polistomorpha, 250 
Polybia, 71,73,101,250; atra, 71 ; 

occidentalis, 67; pygmaa, 255; 
vtClna. 250 

Polybiin<e. 71, 72, 75, 166, 16<). 22+ 
PolycMosis botl'ana. 53 
polyembryony. 36. 65 
Polyergus. 174. 285-288. 291. 299 ; 

samu,ai. 287 
polygamy. 100 
polygyny. 100-103 
polymorphism. 24. 46, 50. 51. 62. 

100. II8. 135. 160. 161 et seq .• 308 
Polynoe. 178 
Polyrhachis. 125. 126. 159; bicolOt'. 

253: (Mynonlwpia) dives. 42 
Polyspincta, 7, 30. 52 
POlyzDsteYia nov<B-seelandia!. 148 
Pompilidoe, 36. 52. 56, 65, 108. 109 
Pompiius aculeatus. 274; campes-

tris, 274; pectinipes. 264 
Ponera. 16<); edua,di, 172 ; he7ule1'­

soni, II6 
Ponerinoe. IS. 87. 105-108. II9, 123. 

137, 158. 168, 169. 173. Z02. 205. 
233.263. 310. 312. 318 

Pope. A .. 13 
Popenoe. C. H .. 61 
Popillia japanica. 46 
Popoff. _:.; .. 188 
Popovici-Baznosanu. A .. 195 
Porotermes. 146 
Poulton. E. B .. Z19 

Pra_,v:5 oleellus, 51 
predatism. 35. 36. 200. 247.249.261. 

277. 284. 237. z98 
predeterminism. 191 
Prenolepis. 166 
P,estwiehia aquatiea. 48 
Pricer, ]. L., 203. HO 

Prionomyrmelt. I I 7 
Pristocera, 57. 59; armijef'a. 60 
Proctotrvpidoe. 57. 61 
Prflc:lectrotermes, 142 
professions. 187. 309 
Proponerin<e. 107. 108 
Prosa:tomiiichi,l mynneCl>plt.ila, 258 
P,o'ena ;iberita, 46 
Prosopis. 79 
Protermes, 136 
Protermitid<e. 136 
Protoblattoidea.. 27. 29, 137. 143. 

146. 157, 160.223. 300. 301 
Protobombus. 80. 97 
Protoderrnaptera. 29 
Protod, ,nata, 29 
Protoh", men pennianus, 29 
Protohymenoptera. 29, 301 

Protolimulns, 179 
Protozoa, 139, 156 , 157. 213, 236, 

265. 296, 300 
Provespa, 74 
provisioning, mass, 6<). Bg; pro-

gressive. 6<). 8g 
Psoenythia. 77 
pseudochrysalis. 46 
Pseudococcus brevipes. 17 
Pseudocolobopsis. IBg 
Pseudogonaios hall"i. 38. 44 
pseudogvnes. ISS, 207. 208. 270 
Pseudousius. 118 
Pseudomasaris. 67. 81 
Pseudomyrma, 123; crucians. 17 ; 

elegans. I2; maiigna. 17 
Pseudomynnin<e. 105. 106. 123, 168, 

173, 200, 201. 234. 263 
pseudoparasitism. 35 
pseudopodion. 87 
Pseudosirex, 27 
Pseudc1trzchullympha pristi"a. 139 
P;ilugaster jasciir:enlris, 42 
Psithyrus. 9i. 276• 277. 29+; 

t<Jboriosus. 276. 277 
Ptemdontia flar:ipes. 45 
Ptemmah.s puparum. 53 
Pterombinoe. 109 
Pterygogenea. 2 I 
Pti.locerus, 261 ; ochrllCeUS.256 
Ptochomyia, 266. 267 
Pyrsonympha. 157 

quasisocial insects. 13 
Quedius dilalatus. 250 

Rabaud. E .. 4. 5, 52. 247 
Raines. :".1..-\ •• 296. 297 
vom Rath. 0 .. 241 
Rau, P., 90 
de Reaumur. R. A. F .. I, 24. 238. 

25 1 
Reeves. G. ]., 50 
Reichensperger, A •. 23°.249 
Rennie, ] .. 252 
Reticulitermes. 142; /tat'ipes. 142. 

157. 182. 183; lu,ijugu5. {42 • 

184. 22~ 
Reuter. O. M., 35 
Re\'nolds. E.. 195 
Rhinopsis, 58 
Rhinotermes. 180. r8I. 186; tau,us. 

188 
Rhinotermitidoe, 1)6, 156 
Rhipiphorid;e, 45. 249 
Rhizotrogus. 45 
Rhogmus. [59 
Rhopatomastilt, 106 
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Rhopalosoma. 59; Poeyi. 58 
Rhopalosomatid:e. 27. 52. 58, 59. 

109 
Rhyn(hopsilopa apicalis. 258 
Rhytidoponera. 173 
Ribot. T. A .. 304 
Richardson. C. H .. 45 
Rickert. H .. 20 
Riley. C. V •• 35. 38 • 45 
RotJertson. C .• 2]6 
Robson. C. 2]4 
Rocher. 274 
Rohler.2.p 
Rohwer. S. A •• 26. 31. 55. 56. 58. 

110 
Root. F. M .• 35 
Ropalidia. 15. 73 
Ropalidiin:e. 15. 73. 166 
Rosa. S-l 
von Rosen. K .• 141. 1.42. 217. 310 
Roubaud. E .. 53. 69. 7 I. 73. 79-81 • 

101. 102. 132. 167. 233. 234. 249. 
~5° 

Rousseau. E .• 48 
Rou35eau. J. J .. 13 
ronl Jellv. 197. 198 
Riis..:hkamp. F .. ZQ3 
rumination. social. 158 

Salfeld. H .. 20 
Salganea. 148 
Salt. G .. 249 
Sandias. A .• 140 
Sant5chi. F .. 104. 'z31. 'z93-295 
Sapyga quinqlupu1IctaJa. IIO; 

slnliiis. 10 
Sap'·gid~. 30. 50. 59. 109. IIO. 121 
Sarcophaga. 40 
Sarcophagid. 40 
Salllev. F .. :l.p 
Saunders. 53 
de Saussure. H .. 67. 6q 
Scarab~id~. Ij 
sea"enger. ~4S. ~49. 25 1 
Sl'(:l;-;/l 'J! ({mt'tltarlum. 110; 

:5::!'I_fex, 67 
Sehartl. R. F .. 127 
Sehaxel. ] .. 20. 21 
Schiemenz. P .. 198 
Sehlrnmer. F .. 254. 268 
Schl<cd tc. ]. c.. 26; 
Schizaspidia. 44; paly~"achicida. 

42 : unI4ICOt"Z:S, .... 2. 43 
SCh'C,,;"c'tus siebold.i. 52 
Sehmledeknecht. 0 .. 36 
Sehonield. P .. 198 
Schrottky. c.. 83 
Sehuchert. C .. 127. 128 

Schulz. W. A .• 37. 38. 48. 83 
Schwarz. E. A .. 10 
Scleroderma. 15. 61. 65. 66. 1I3. 

301; immig~a1ls. 62; mac~o­
gaste~. 62-64. 

Sclerogibbid. 57 
Scolia. 36 
Scoliid:e. 57. 58. 65. 66. 109. lIZ. 

I2I. 122.301 
Scoliirue. 109 
Scolytid~. 4. 300 

Scotocryptus. 251 
Scott. H .. 46 
Scudder. A. H .. 1I6 
secretion of wax. 96 
selection. amical. 2z6. 271• 299; 

natural. 222 
Sellars. R. \Y .. 24 
semipupa. 203 
Semichon. L.. 8. 90 
SeminQta d€pressa. 37; mejica1la. 37 
Semon. R .. 225 
sensilla". 240 . , 
Serieomvrmex. 201; amabtlls.282. 

28 3 . 

Sessiliventres. 26 
sex-determination. 16z 
Sharp. D .• 58. IS9 
Shelford. V. E .. 45 
Sichel. J .. 275 
Sieber. ~ .. 23') 
von Siebold. C. T. E .. 31. 48. 169. 

2IQ.25 I 

Sierola. 61 
Sierolomorpha. 58; ambi,!;ua. III 

Silvanid:e. 15. 16. IS 
Silvestri. F .. 46. 51-53. 101. 137. 

138.149.150.171.197. 21 4. 2 49. 
26;.272 

Simon, E .. 7. '). 10 
Siphonophe.res.30 ; 
SiriCl,ia:. 27.29.30 
Sjostedt. Y,. 136 
Sladen. F. W. L.. 2 .. 2.244. 2 75. 2 76 
sta.ver:;. 284. 285. 2S8 2SQ. 2~~. 

de~enerate. ZqS , nocturnal. 2~:- ; 
obhgatory. 288; tempora.ry. 28 7 

smell. 2 .. 0 et seq .. 244 
Smith. F .. 32. 58. QQ. 91. 104. 275, 

~ ~o 

S~ith. H. S .. 39-41. 43 
Smith. J. B .. 90 
Smulvan. ~[. T ... p 
Smut's. J. c.. ;q 
Sno .gr3.ss. R. E .. 24 1 _ 
Snv~r. T. E .. 135. 130. 140. 141. 

i"Q. 18z. IS3. 186. 21 4 
social medium. 167. 223 S~ seq. 
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INDEX 
societies, human, 304 et seq. 
soldiers, of ants, 216; of terIIlites, 

179, 180 
Solenopsis, 103, 174,216; geminata, 

200, 216; stEViss;,ma, 216, 253 ; 
"ichler;, 260 

von Sommern, 219 
SophroboInbus, 80, 97 
Spathii~, 33 
Spencer, H., 274, 304, 305 
Spengler, 0., 314, 317 
Sphcerula"ia bombi, 251 
SpheciforInia, 56 
Sphecid.e, 58, 65, 77-82, 108, log. 

113 
Sphecin.e. 16, 79, 80 
Sphecodes, 77, 79, 92, 275, 276 ; 

subquadratus, 275 
Sphecoidea, 56,58,77,130, 131,301, 

3°2 
Spkecophila polybiarium, 255 ; 

let'milium, 255 
sphecophiles, 247, 249. 250 
Sphegids, 81 
SphinctomYTInex, Il2 

Spiders. social, 6 
Spinola, M., 275 
Spinoliella, 82 
Spirachtha, 234; eurymedusa, 267; 

mirabilis, 267 
spirit of the hive, 24 
Springer, F., 171, 172 
Stager, R., 281, 282 
Starcke, A., 314-316 
Staphylinid.r, 46, 206, 250. 252, 

266,267. 269 
Steenstrup, }. J. s., 109 
Stegodyphus. 10 
Stenogaster, IS; varipiclus, 71 
Stenoga~trin.r, IS. 71, 75, 166 
Stephanid.r, 33. 48 
Stephaniscinre, 33 
sterility, 168. 195, 196, 316 
Stizus. 82; unicil1ctus, 274 
Stbckhert, E., 79, 90-95, 102, 165, 

166, 109, 29" 
Strepsiptera, 45, 249 
Strickland, E. H., 51 
Strongylognathus, 174, 285, 288, 

298, 299; alpinus, 288; huberi, 
288; t'ehbinderi, 288; testaceus. 
288 

Stu m per, R., 210, 281 
Sturteyant, A. H., 289, 290 
Sturtn'ant, A. P., 195, 198 
subaptery, 171,267,272 4 

sublimation, 316 
subsocial insects, 13, 99, 300 

superentelechy. 24 
Surcouf, F., 256 
Sycosoler lavagnei, 50. 51 
symbionts, 157, 213 
symbiosis, 296. 297 
Symmyrmica, 170; ckam.be"lini. 

281 
Sympheidole. 294 
symphiles, 208, 248, 261-263, 265. 

268,269-2 71,278,280,292,299 
symphiloids, 261 
s:rmphotium, 4 
S}Lnph~~a, 26, 30, 81 
Synagris, 4, IS, 09, 75 ; calida, 09 ; 

spinivent"is, 69 
synechthrans, 247. 248. 252. 255. 

263. 265, 278. 298 
synceketes, 248. 253. 255, 261, 263. 

265,278 
Syntermes, 180 
Swammerdam, J .. 180. 238 
swarming, 72. 73 
Swenk, M. H .• 40 
Swezey. O. H., 62, 64 

Tachigalia, 18; panicuiata. 17 
Tachinidre, 45, 234, 25 1 
Treniochorista, 28 
Tana;myrmex, 125 
Tanner, J. E .• 165. 20I 
Tanquary, :M., 165, 292, 293 
Tapinogonalos pulchella, 38 
Tapinoma, 242; nigenimum, 293. 

295,296 
Tarde, G., 305 
Tarsonemus woodi, 252 

Taschenberg, E. L., 275 
taste, 240 et seq., 244 
TaYlor, F. B., 129 
Ta)'lor, G. W., 38 
Taylor, L. H., 275 
Telea polyphemus, 38 
Tenebrionidre, IS. 60, 66, 300 
Tenthredo, 31 
Tenthredella, 31 
Tenthredinid;e, 16, 30-32, 47 
TenhTia, 66 
Teramshi, C., 45 
Terebrantia, 26-28, 30, 32-36, 45. 

47.48,50,51,54,56,58,79,13°. 
131, 162, 301. 302 

Termes, 15, 141, 145, 157, 180,227 ; 
bellicosus, 266; c"oatiCt4s, 142; 
errabundus, 137; incerlHs, 154; 
latef'icius, 151, 152, 156; natal­
ens;" 151, 153, 154; obsct<Y1<S. 
142 ; redema .. ni, 236; vulga";s, 
151 
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termites. 24. 25. 105. 155. 215.223. 

235. 303. 210; architecture of. 
159; copulation of. 152; court­
ship of. lSI, 153 ; distribution of. 
135. 143 et seq.; fossil. 141 et 
seq. ; fungus growing. 156 ; 
colony growth of. 149 ; phylogeny 
of. 136. taxonomy of. 135 

Termitid.e. 16. 136. 138. 141-143. 
156-159. 175. 179. 187. 263. 300 

Termitobt'aean etnersoni. 263 
Termitomastus. 266. 267 
Termitomyia. 266. 267 
termitophiles. 234. 247. 263 et seq .• 

268. 27S, 305 
Termitoxenia, 266, 267. 272 
Termopsis, 138-143. 150. 157, 168. 
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I:\TER~ATIOXAL LIBRARY OF PSYCHOLOGY 

YOLC\IES prBLISHED 

PHILOSOPHICAL STUDIES. Bv C. E . .1footf, Litt.D., author 
of " Principia Ethica ", editor of .. ~lind ". 

15:- 'in. 
"Students of phih,,"phy will "elcome the publication of tills ,·olume. It is 
fnll (,f intt._·re~t and ~!._iln:lllls~ eyen to th0se wlh)n: it fails to ('ol1\·inc-e ; and 
it i:; aGc) ~:t:TY Undqg1:1atic. Dr ~!f_)ore is alway~ anxiV:.lS to hring out the 
arf:l1Illt"nts a~!?ainst tbrtse in fa,·our of the pos~t1'}nS to which be -inclines, 
and cares t f , reft!te n, It persons but f31se doctrin(_·s. "-Ox(7r_i .~,Ia~.lzille . 
.. A "alt12~t]e cPDt!"il,utlr,n to contempnrary p:lill)sophy."-Stectator. 

THE MISUSE OF Mi~D: a Study of Berg~(\n's :\ttack on 
In tdk'tu~tli"m. B:" ll.<lrill SIt'/,'hOI. fUiDwrly Fellow of 
:;\e\\"l1ham College, Cambridge. Preface by Henri Btrgsoll. 

6,0 '7[t . 
.. Tti, is 3 book about Rergs('n, but it is not one of the ordinary popular 
exp .. ,!=-iti()IlS. It i~ yery ~b-'rt; b~a it is (lI~t~ (·i t1:, 1st b(l{\k~ the quality 
of "hi"h i~ in inYersl" T3tin to its quantity. fpT it fucus..'cs onr attention 
(On "ne sin!.']". rr' l'km ;:md ,llcc('eds in brin:.-,ing it nut with masterly 
dearness. The pr, .L.le-Ill j, the n·]3ti·,)n Pi fac't tr, exrbnatinn. So stated 
it may s',nnd dl1ll; but the m· ·ment its imp-'Tt is !!ra,ped, it is seen to 
deal with the iUl:d:ll!1t:nta! diifere:1ce hetween tw') ri\'a] methods in 
pLij('~r'rhy""-T:n;.-.~ ]_.::-,11: 5:trt."(m-o,t. 
CONFLICT AND DREAM. H\' TI". H. R. Nz'·'m, .l!.D .. Lilt. D., 

F.N.i. Prdacl' by l'r1j,'ss,jr C;. Elilc,t Smith, F.N..S. 
12') 1:('t . 

.. In his l""t hr,ok ::ITr .\mu1d Bennett clain:s fc,r \\', H, R. Ri",,·rs a place 
a1111 In~ 1.:"!"cat l11~n. _\s. tran:'l1er, healer. 2nd eXl){,pmeTItf'f RiYers !:ad 
that kiI~d (If c('mn].JIldir.;.:o: \"i~, 'ur that is I Jne (,{ the J:larks pi 1!enius. 
~(,thin;..: c{,lll·il.c 111"TC f:i~cil:jtillg thun tc. watch :~lil1] :;;ep3.r2.ting- the gelId 
fn.!11 the all, ,y in Frel!\1's th(·( If" of drc.J.r..1s. 1-L" book is as di~Ierent 
from the uqial FTl'".iian 1>(.(.1;:. en the ",me ~:Jbiect ;:L, is a 1,,'01;: of 
a~tT'lll'l~l1\' fn'!}l a h"lk (>f a~tr<'lo~Y."-R(\bert LYn-d,in D . .li.i'1, .\-r"~i'S. 
PSYCHOLOGY A~D POLITICS, and Ut)kr Essa,·:'. H,· ll'. H. R. 

H;;'(I's, F.1(:<. l'rdact' by Pro/e"or C: ElIi'o! Sillith. 
.\PJ'reciation loy C. S . .1fr,rs, F.N.S. 

12 't) 1:(/. 

"in nIl the essay, in this yolume nne feels the scientific mind. the 
nlind t11.1t rut:;. t:-~lth r:"r~t. E..1ch (If the l's~ays is i!ltt:f('~ting anJ yalaable ; 
rerh;lps the n:"5t arre5-tin~ i:;;: tbat in whlch he discnsses and deft lids. in 
the 1i~ht (rf recent rest~ln.'h. thc' c(,nc("ptlon Iti s')~ic't:- as an '<::;:~1I1is!n." 
-.Y(("i' Lr.Lhr. "T11is y, L1!ne 1S a fine 1l1e:nrlrial of a solid anJ cautious 
seif..'!!tific ""('Tker,"~lla\~(:'l"ck El!i~. in ~Y_l:: -.lL 

MEDICINE. MAGIC, A!'JD RELIGION. B,· Tr. H. H. Hi,'t'Ts, 
F.H.::'. Preface by i'I',,;(,~"r (;. £I/;I'/ ,"::;Ilz'th. 

10/(, 1;r1. 
"It is princip3.lly an attempt to interpret the ideas tl1at in,pired primitin: 
medicine, Hl:t the pel1{:trat!ll~ 1111nd ni d St'{'kt'T ~u._~h as Rl\"(>Ts ineyitably 
,,"ent beY(llH.l that :. it is di~;<l()~l1re (If the prin,~ir,leS hy \yhidJ prinlitiYe 
sc'(~ictif's liy('d. ~(l r:1nre i:npo.-,rtant c~'ntrillutipl~ tn ethTI( 11o~il_'.11 k!:'l\'~" 
ledge has been made durin::: the paH twenty .·ear~,··~A h,f),i, ·'Dr Ri,'ers' 
book 1s one l(_)n~ array <)f fasci~~atin;:::: il1~lStT:lti(l:n. ~:nkin;; up his subject 
~dth the nH~st li1(ldern f~)Tn]~ ()f nt':lr.lsi:;.. 3 l\.lntr:hutinn of quite excep­
tional yalue to medicine and hi;;trny alike,"-S_,"I!i~rl! R,',':r:c. 

3 



I 

I: 

II 

II 

INTER~ATIOXAL LIBRARY OF PSYCHOLOGY 

TRACTATUS LOGICO-PHILOSOPHICUS. By Lud"'ig Wittgell-
stein. Introduction by Bertrand Rllssell, F.R.S. 

JOi6 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,"-.llind ... Quite 
as exciting as we had been led to suppose it to be. As stimulating as 
Samuel Butler's Sotebooks and nearly as important as P,incipia 
)Iathematica."-Sew StaUS71l<1t1. 
THE MEASUREMENT OF EMOTION. By lr. Whately Smith, 

.11 .. -1. Foreword by TrilliLlm Brolt'll, .1I.D., D.Se. 
10/6 'let . 
.. ~o theory more devastating, more materialistic in its implications, has 
e.er 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 de\;ses a means 
of disprO\'ing it finally ,,-ill render those sciences a great service."­
TV eek!y Westminste" 
SCIENTIFIC THOUGHT: a Philosophical .-\naI.ysis of Some 

of its Fundamental Concepts in the Light of Recent Physical 
Dewlopment~. By C. D. Broad, Litt.D., Lecturer in 
Philosophy at Trinity College, Cambridge. 

Stcomi editiCI1I. 16/- He! . 
.. 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 universe. The whole book is weighty 
with matter and marks an intellectual achievement of the highest order. 
It arrests our attention-a cursory reading of it is simply impossible-and 
interest i5 sustained frum beginning to end."-Times Li/er<lY)' SlIpPfeme'lt. 
PSYCHOLOGICAL TYPES: the Psychology of Indiyiduation. 

Bye. (;.] 1111,::, author of" The Psychology of the l"nconscious." 
Translated with a Foreword by H. (;od"ill B<lynes, .l1.B. 

Third editioll, 25;" net. 
"Among the psychOlogists who have something of value to tell us 
Dr Jung holds a Yer,- high place, Ht> is both sensitive and acute; and so, 
like a great writer. he con\-inces us that he is not inadequate to the im­
mense complexity and subtlety of his material. "-e are conscious through. 
out of a sensitiveness, a "ide range of understanding, a fair·mindedness, 
which give us a real respeLt for the author. The man who undertakes to 
discuss psychol,);::ical types proposes to himself almost the most ambitious 
task a man could attempt. Among modt>rll psychologists there is no 
one who seems to us more adequate than Dr Jung."-Times Li/em,y 
SutPienltJlt. 
CHARACTER AND THE UNCONSCIOUS: a Critical 

E.\po~itioll of the Psychology of Freud and J ung. By 
]. H. mil der HUI)p. 

10/6 ~zet. 
., His terlk is an admirable attempt to rt>concile the theories of Jung 
and Freud. He 511",,-, that the pn;,itions taken l'P by these two psycholo• 
gi,ts <ire not as ant a;.:' nistil' as they appear at first si,,!ht. The book cO,n­
tains a yery adequate and simple accuunt of Freud's teaching in Its 
salitn( features, and his treatment of lx,th theories is dear and sympa­
thetle."-J.':e7.1.,: S:atesman. 
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INTER)J"ATIONAL LIBR.;.\RY OF PSYCHOLOGY 
~------~~ ---------

THE MEANING OF MEANING: a Study of the Influence of 
Language upon Thought and of the Sdence of S\-mbolism. 
By C. K. ORdm and 1. A. Richdrds. Supplementary Essays 
by Prole-ssor B . .lltllillo;,·ski and F. I;. Crookshank, .lI.D., 
F.R.C.P. 

Se.-mEd editi"". rZ,"6 fief . 
.• The authors attack the problem from a more fundamental p<)int of 
view than that from which others ha\'e dealt with it, and at last some 
light is thrown on the factors im;oh-ed. The importance of their work 
is ubYious. It is a book for educationalists, ethnologists, grammarians, 
logicians. and. at)(H-e all, psychologists. The book is written with 
admirable darity and a strung sense of humour. making it not onlv 
profitable but also highly entertaining reading for anyone ~'ho wishes to 
address any remark to a fellow creature \\ith the intention of being 
understood. "-Se,,' Stlltesmall. 
SCIENTIFIC METHOD: an 

\-alidity of :\'atural Laws. 
Trinity College, Cambridge. 

10/6 net . 

Inquiry into the Character and 
By .1. D. Ritchie, Fellow of 

.. The fresh and bright style of lIr Ritchie's "oIume, not without a salt 
of humour, makes it an interesting and pleasant book for the general 
reader. Taken as a whole Scientific JIethod is able. comprehensi\-e, and. in 
our opinion, right in its main argument and conclusions. "-British 
lUediwl Jotmwl. "His brilliant hook."-D'liLv Xews. 
THE PSYCHOLOGY OF REASONING. By EW!,eIlio Rigllllllo, 

Professor of Philosophy in the Cni\'ersity of :\Iilan. 
14/- '/1'1 • 
.. Professor Rignano's (,labonte treatise. which completely surveys all 
the chief types of reasoning, normal and abnormal. is a valuable con­
tribution to psychological literature. "-lI'u'?iy Westminster. " The 
theory is that reasoning is simply imaginati\-e experimenting. Such 
a theory offers an "asy explanation of error, and Professor Rignano 
draws it out in a very con,incing manner."-Times Liur<lry Supplement. 
CHANCE, LOVE and LOGIC: Philosophical Essa\-s. By 

Charles S. I'eircl'. Edited \\ith an Introduction by .l!arris 
R. Cuhm. Supplementary Essay by J olm De-,;;e~\,. 

12/6 Ilet. 
" It is impossible to read Peirce "ithout recogniring the presence of a 
imperior mind. He was something of a genius. "-F. C. S. Schiller. in 
Spectat('r. .. It is about the clarification of our ideas that )1r Peirce 
makes his most interesting remarks; it is here that one sees what a 
brilliant mind he had and how independently he could think."-S<ltion. 
SPECULATIONS: Essays on Humani:,m and the Philosophy 

of Art. B\' T. E. Hltllllc. Edited bv Habert Rf"d. 
Frontispiece -and Foreword by Jacob Epsteill. 

10/6 net. 
" \nth its peculiar merits. this book is most unlikely to meet \\ith the 
slightest comprehension irom the usual re\·:ewer. "-hen Hulme was 
killed in Flanders in 19I~. he was known as a brilliant talker. a brilliant 
anuteur of metaphysics. and the author of two or three of the most 
be;Hltiful short poems in the languag". Itfthis volume he appears as the 
forerunner of a new attitude of mind. which should be the twentieth 
century mind."-CrituiOl'. 
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THE NATURE OF LAUGHTER. By]. C. Gregory. 
1016 11ft. 

u iIr Gre(!ory, in this fresh and stimulating study, joins issue "itb all 
his predccE-ssors. In our judgment he has made a distinct ad,-ance in 
the study of laughter; and his remarks on ,,"it. humour, and comedy, 
are most di~criminatin£. The \mter's own ,ivacit, of style suits his 
snbject admirably."-l""r1i.li oi Educllt;JI!. - -

THE PHILOSOPHY OF MUSIC. B,- William Pole, F.R.S., 
JIlls. Doc. Edited witb an Introduction by Ed", <ltd.r. Dc'IIt 
and a Supplementary Es;;ay by Dr Hamiltoll Har/ridge. 

;-"'-e"lI.' edition, 10/6 ,ret. 
.. This is an excellent book and its re-issue should be ,,"elcomed by all 
,,"ho take more than a superficial interest in music. Especially shollId it 
appeal to those of a musical or scientific frame of mind ,,·ho may have 
pondered upon the ,,"hy and the how or things musical. Dr Pole pos~essed 
not only a mde knowledge of these mattus, bu: also an attractiYe st_de, 
and this combination has enabled him to set fonh clearly and sufficiently 
completely to giye the general reader a fair all.round gnsp of hIS 
suLject. "-Discovery'. 

INDIVIDUAL PSYCHOLOGY: its Theon- and Practice. By 
Alfred Adler. Translation by Dr PauZ·RadiH. 

18/. net . 
.. Dr Adler is the leader of one of the more important schisms from tlre 
ori.dnal Freudian school. He makes a yaluable contribution to psychology. 
His thesis is extremely simple and comprehensi"e: mental phen·:>mena 
wben correctl\" understood may be re_garded as leading up to an end 
which consists in esta1::lishing the su1ject's snperiority."-Disco!'cr}' . 
.. Suggestive and stimu1atin~.>J-JICirnil1g P03t. 

THE PHILOSOPHY OF • AS IF'. By HailS r aihi",;er. 
Translated by C. 1\,. Ogdm . .1[ .. -1. 

25/- nel . 
.. The most important contribution to philosr,phicaJ literature in a 
quarter of a century. Brierly, \-aihinger amasses e\-idence to prove that 
reality and thought are out of key. Reason was neyer an instrument, 
be holds, for the uuderstandin;z of life. \\-e can arriw at theories which 
work pretty well by . consci~usly false assumptions.' \\'e know that 
these fictions in no \\"ay rerlect reality, but we treat them as it they 
did. Among such fictions are :-the ayerage man, freedom, God, empty 
space, IX'int. matter, the atom, infinity, the absolute. All abstracts, 
classifications, comparisoLs. "eneral ideas, are fictions. All the sciences 
IUld arts depend upon fictions."-Spettator. 

THE NATURE OF INTELLIGENCE: a 
Interpretation of ?lIind. By L. L. Thllrslolle, 
Psychology in the Cninrsity of Chicago. 

JO/(' net. 

Biological 
Professor of 

" Prof. Thurstone distinguishes three "jews of the nature of intelligence. 
He names the first Academic; the sE'cond the Psycho-anah-tic; the 
third the Beha \"iourist. .-\gain"t these threE' \-iews, though not in 
opposition to them. Prof. Thurstone expounds his thesis that conscious· 
ness is unfinished action. He contends that it is not inconsistent with 
any of the three yiews. while In a sense it interprets each of them. His 
book is of the first import.met'. _-\ll who make use of mental tests will do 
well to come to terms with his theory."-Tillles Literary Supplement. 
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THE GROWTH OF THE MIND: an Introduction to Child 
Psychology. By Professor K. /{oflka of the Cniyersity of 
Gic3sen. Translated by Proiessor R . .II. Ogdell. 

Tllird il1i_fli'(ssi l )Ji, 15/- net. 

His book is extremely interesting, and it is to be hoped that it will be 
widely read. "-Tim,. Liler,lrr 5ul"~:e,,,e"l. Le0n:nd TL>0!f. re"iewin" this 
book and the follo"ing one in a Salioll Leading .\rticle, writes: "E','ery 
serious student of psychology ought to read it [The Ap~sj, and he should 
supplement it by reading The G,.xi.'Ih oj the Jlind, for Professor K,yffka 
joins up the results of K, ,hJer's obsen.·ations with the results of the 5tudy 
of child.psychology." 

THE MENTALITY OF APES, 'with an Appendix on the 
Psychology of Chimpanzee;;. By Professor W. /{ofhkr , of 
B,"rlin rnin'rsit\·. 

Chf.1prr rdltintl, lI:ith <) plates and 19 fir;ures, 10/6 n~t. 
" :Ua,' fairly be said to mark a turning-point in the history of ps~·chology. 
The book is both in 5ubstance and form an altogether admirable piece 
of work. It is of absorbing interest to the pSyChologist. and hard!;' le5s 
to the la"man~specially the loyer of animals. His work will 3]\'-;lYS 

he regarded as a classic in its kind and a model for future studies." 
-Times Literar:.' Su!,plemel!t. 

TELEPATHY AND CLAIRVOYANCE. By Rudoli Tisc1lller. 
Preface by E. ]. Dill';1call. 

Witlt ~o ilill stYlltions, 10/6 net. 

.. Such inyestigations may now expect to recei\'e the graye atten:i':J!1 of 
modern readers. They will find the material here collected of ",eat yalue 
and interest. The cllief interest of the book lies in the experimpnt, it 
records, and we think that these will persuade any reader fret' fr')ffi 
yiolent prepossessions that the present state of the e\'idence nechsit,-,tes 
at k2st an open mind regarding their possibility" -Ti",~s I_li"'''T 
S1ltt'li(,,"~l1t . 

THE PSYCHOLOGY OF RELIGIOUS MYSTICISM, By 
Prn/ess(I/' j,W1(S H. Lfuba, author of . :'\.. Psychological ::'tud~' 
of Religion,' etc. 

15!' "et. 
" The book is fascinating and stimulating e\'en to those who do not agree 
with it, and it is scholarly as well as sClentific.'.'-Rel'lf:i Oi R,';:i,,, s. An 
extension and de,-elopment of the \'iew~ outlined in James's j'alFI1CS ,lt 
Re,'i!.:;. 'IIS ExpniclIcc \,ith much new material. A section is devoted to 
mystical experiences produced by drugs. 

THE PSYCHOLOGY OF 
G. N.f'·(SZ. Director of 
.\n1Steriam. 

A 
the 

MUSICAL PRODIGY. B\' 
Psychological Laborator}:, 

Willi man)' musical illustrations, 10/6 net. 
.. For the first time we have a scientific report on the deyelopment of a 
musical genius. Instead of being dependent on the yaguely n1a[\'ellous 
report of adoring relatiyes, we enter th~ more satisfying atmosphere of 
prcci,e tests. That En.\·in is a musical genius, DObody who reads thi~ 
book ~ill doubt."-Ti'tlcs Ltte~ar)' Suppiemml. 
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PRINCIPLES OF LITERARY CRITICISM. Bv I. A. 
Nicluzrds, Lecturer at )'Iagdalene College, Cambridge. 

Secolld edition, 10/6 net . 
.. A mine of really suggestive ideas. It has real originality. "-Daily SeU/s . 
.. An important contribution to the rehabilitation of English criticism­
perhaps, because of its sustained scientific nature, the most important 
contribution yet made. :\Ir Richards begins v.ith an account of the 
prEsent chaos of critical theories and follows with an analy'sis of the 
fallacy in modem 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." 
-Crit~rioll. 

THE METAPHYSICAL FOUNDATIONS OF MODERN SCIENCE, 
\\ith special reference to Man's Relation to Xature. By 
Professor Edii;il~ A. Burtt. 

I4r put . 
.. This book deals with a profoundly interesting subject: the uncritical 
assumptions which were made by the founders of modem physics, and 
throagh them became part of the unquestioned apparatus of ordinary 
thought. The critical portion of this book is admirable. . ." 
Bertrand Russell, in :Vatioll. .. 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 Supplemeflt. 

PHYSIQUE AND CHARACTER. By E. Kretschmer. 
With 3I plal4s,IS/- net . 
.. This yolume of the steadily growing Library will bear comparison 
",ith any of its predecessors in interest and importance. It gives 
scientific validity to much ancient doctrine and folk-psychology. It 
professes to 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." 
-Trukl:Ji TFestminster. "His notable work :on: the relation between 
human form and human character."-British _'Uedical Journal. 

THE PSYCHOLOGY OF EMOTION: )Iorbid and Normal. 
By John T. JlacCurdy, J/.D. 

25 - net . 
.. 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 
dist::1ctly a book which should be read by all interested in modem 
psychology. Its subject is important and its author's treatment inter­
esting."-21Ia1ichester Guardian. .. A record of painstaking and original 
work in a direction that promises to illuminate some of the fundamental 
problems of psychiatry. "-Lancet. 

THE PSYCHOLOGY OF TIME. By .II ary Sturt, .1/ . .1. 
7/6 )iet . 
.. An interesting book, typical of the work of the younger psychologists 
of to-day. The first chapter gives a clear summary of metaphysical 
views of time; later chapters describe practical experiments; while 
the last chapter sets forth the >.\·riter's yiew that time is a ooncept con-

gredtly to the pleasure of the reader."-Jounzal oj Education. 

I 
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PROBLEMS OF PERSONALITY: a Volume of Essavs in 
honour of Jlorion Prince. Edited by A . . -1. Roback, Ph~D. 

IS/. net . 
.. Here 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 interesL"-.Yew Statesman. Contributors include 
G. Elliot Smith, Bernard Hart, Emest Jones, C. S. ~Iyers. C. G. Jung, 
Pierre Janet, ,Yo ~IcDougall, 'Yilliam Brown, T. \Y. ~Iitchell, and 
numerous others. 

THE MIND AND ITS PLACE IN NATURE. Bv 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 philosophy made in recent times."-TimeJ 
Literary Supplement. .. Fnll of accurate thought and useful distinctions 
and on this ground it deserves to be read by all serious students."­
Bertrand Rt,ssell, in Satioll. .. One of the most important books which 
have appeared for a long time ... a remarkable sun'ey of the 
whole field of psychology and philosophy. . , a piece of brilliant 
surgery."-DiscoveTY· 

COLOUR-BLINDNESS: with a Comparison of different ~Iethods 
of Te:;ting Colour-Blindness. By Jlary Collins, .11 . .4., 
Ph.D. Introduction by Dr James Drever. 

IVith a coloured plate, 12,·6 lut . 
.. Her book is worthy of high praise as a painstaking. honest, well­
written endeayour, based upon e::..'1:ensive reading and cl05e original 
investigation, to deal "ith colour·\ision, mainly from the point of ,iew 
of the psychologist. "'e believe that the book "ill commend itself to 
every one interested in the subject."-Times Literary Supplement. 

THE HISTORY OF MATERIALISM. By F. A. Lallg~. 
XI'W edition in one volume, '\ith an introduction by 
Bertrand Russell, F.R.S. 

15/' 'Jet . 
.. An imruense and valuable work."-Spectator. "A monumental work, 
of the highest value to all who wish to know what has been said by 
advocates of :\Iaterialism, and why philosophers have in the main 
remained unconvinced. Lange, while very sympathetic to materiali~m 
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 \lith Kant and his successors. "-From the 1I1trodudion. 

PSYCHE: the Cult of Souls and the Belief in Immortality 
among the Greeks. By Eru:ill Rohde. 

25/- net. 
" ~he production of an admirably exact and unusually readable trans, 
lation of Rohde'. great book is an event on which all concemed are to be 
congratulated. It is in the truest sense a classic, to which all future 
scholars must tum if they would leam ho~to see and describe the inward 
significance of primitive cults."-Daily Seu:s. .. The translator and 
publishers are to be congratulated on rendering this standard treatise 
accessible. "-Adetphi. 
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EDUCATIONAL PSYCHOLOGY; its Problems and Methods. 
By Charles Fox, J/..-1., Lecturer on Education in the L"ni­
versity of Cambridge. 

lo/6 11ft • 

.. A worthy addition to a series of outstanding merit. There are inter­
esting sections on heredity and on mental tests. The chapter on fatigue 
is excellent. The bibliography is .... aluable."-Lancet. " Certainly one of 
the best books of its kind."-Ob .. en'tr ... An extremely able book, not 
only useful, but originaI."-Jollr1wl oj Education. 

EMOTION AND INSANITY. 
~Iedical Staff, Copenhagen 
H. HNfdillg. 

7/6 net . 

By S. Tlialbitzer, Chief of the 
Asylum. Preface by Professor 

.. A psychological essay the material for which is proYided by a study of 
the manic-depressi .... e 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. . . . \\"hatewr the ,;ew taken 
of this fascinating explanation. there is one plea in this book which must 
be whole-heartedly endorsed, that psychiatric research should recei"e 
much more consideration in the criort to determine the nature of normal 
mental processes. "-Xaillre. 

PERSONALITY. By R. G. Gordoll, Jf.D.,B.Sc.,M.R.C.P.Etl. 
10 f.J 11ft . 

.. The book is, in short, a yery useful critical discussion of the most 
important modem work bearing on the mind-body problem. the whole 
knit together by a philosophy at least as promi~ing as any of those now 
current."-Ti,,;es LiterJ.ry Supp:·olle.,t. "His excellent book. He accepts 
the important and attracti .... e theory of Emergence."-Obsen·er. "A 
significant contribution to the study of personality."-Bt'itish JIedlca/ 
jou"IUll. 

BIOLOGICAL MEMORY. By Eugenio Rignano, Professor of 
Philosophy in the Cniwr::-:ity of :Milan. Translated, with an 
Introduction, by Projr:ssor E. Tf' . .1£ ac Bride, F.R.S. 

10,'6 '1ft. 
" Professor Rignano's book may proye to haye an important bearing 
on the ,,-hole mechanist-,;talist contro\,ersy. He has endeayoured 
to gi "e meaning and content to the special propert y of' liyingness " which 
separates the orga.nic from th~ inorganic world by identifying it "ith 
unconscious memory. The at.:thor works out his theory with great 
\'igour and ingenuity, and the book deserves. and should receiYe. the 
earnest attention not only of students of biology. but of all interested 
in the age-long problem of the nature of life. "-Spectalor. 

COMPARATIVE PHILOSOPHY. Bv Paul .~[assoll-Oursel. 
Introduction bv F. G. Crookshank, ",J.D., F.R.C.P. 

ID,6 net. " 
.. He i, an authority on Indian "nd Chinese philn,;ophy. and in this book 
he dn'elops the idea that philo,ophy should be ;;tudied ... as a serie:; 
of natural e'-ents by mean, of a c(lmparison of ib deyelopment in yarious 
countries and enyironment,.;. After a length\' introduction on the 
mHhod. and a chronological .;cable. he illustrate, his thesis by chapters 

I on th~ st<lges in the eyolution of philosophic thought in general and on 
I ~~:nparati"e logic, metaphysics, and psychology."-Timfs LIterary 
~/)plr1]lfI1t. 
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THE LANGUAGE AND THOUGHT OF THE CHILD. By Jean 
Piap,et. Lecturer at the 'CniYersity of Geneya. Preface by 
Professor E. naparede. 

10 '6 11,-1. 
" A very intercstip.g book. Eyeryone interestcd in psyclloloi;y,educatioD, 
or 111(' art of tl1c i ugbt should read it. The resu1t5 ~Te surprising, but 
perhaps tll(? !!lost surprising thing which this book makes clear is bow 
extraordinarily little was preyiously known of the way in which children 
think."-X,7ti~li, .. Fill,; a gap in the study of the subject. "-Lm(E/. 

CRIME AND CUSTOM IN SAVAGE SOCIETY. Bv B. Jfali-
llo7£'ski, Professor of .-\nthropology in the L~iYersity of 
L(Jndon. 

Trith () p.:_ltt~s. 5 '_ net. I" 
"In t!>is first·han I im'e"tiganon into the soci;ll structure of a primiti"e 
C0D1D111nlt,· Dr :'IIalinowsti has broken ne'" grour.d. It is probab!y no 
,-,x1;.::eratic.n tc ~ay that t I.e book is the' most impo1"tant cODtlibut;('n to 
anthroj,e'!ogy tIlar ha, af'p,:ared for many ~ ears p""t. Its dieL'ls are 
Lon::J to 11e far-re:ic~;!ng. . It i.:; '\Titten by an 2.nthropol0 . .s-~st for 
antLropclo:,:i~ts; bllt it ~h0"ld be rC2.d by all who han> tLl deOlI with 
prirniti\'e peol_.1es and by all who are interested in human nature as 
maniibtf'd in social relationships, which is to say that it st:ould 1;e read 
b"'.· t'yerYOll('."-OHi_'~,,-,t. 
PSYCHOLOGY AND ETHNOLOGY. By W. H. R. Rhus, M.D., 

Lltf. D., F.R.S. Preface by G. Elliot Smith, F.R.S. 
IS - Hft. 
" Gi\'es us most fascinating e,idence of the many·sidedness of Riyer~'s 
interests, and of his actual scientific methods ... : This notice in no "ay 
exhausts the treasur('s that are to be found in this volume, which re;:11h­
requires long and detailed study. \Ye congratulate the editor on producing 
it. It is a 'l'l"orthy monument to a great man. "-5.1tmJ.ly R",·ie,_. " E"ery­
thing he has written concerning anthropology 1.;, of interest to all serious 
students of the subject."-Ti",fS Litel'"rr S1Ipp,'cmml. 

THEORETICAL BIOLOGY. By]. t'07~ Gexklill. 
rt: - Ilet. 
. it is not easy te, gi\'e a critical account of this imp(,rtant book. Parth' 

bc-caus{> of jt~ anlbitiuus 5Lupe, that of rc-settin~ hiuh)gil._'al forn1ulation_.., 
in a ne,,· s\'ntlJ€'~i" partly because there is an abundant lbe of n('\\' terms. 
Thirdly, the author', arguments are sc, radically important that they 
",nno! justly be dealt with in brief comp::1ss. :\0 on(' CMl reac', th(, book 
'Ylthout feeling the thrill 01 an unusually acute mind, <mancipated from 
t\;" biological conYC'ntionalities of Our time. "_ J. Arthur Thomson, in 
,._ ::rn,1/ '.11)/:1/ 's-I/"'hi(o! S!UdU5. 

THOUGHT AND THE BRAIN. By Henri Pieron, Professor at 
the College de France. Translated by C. K. Ogden. 

I2/6,zel . 
.. . -\ yny yaluable summary of recent in"estigations into the structure 
and working of t~,e neryou, ,ystem. He is prodigal of facts, but sparing 
of tl1('orie5. Hi~ book can be warmly r('commended as giying th(' reader a 
yi,'id idea of the intricacy and subtlety of the nlC'chanism by wLich the 
llUman allimal co-ordina.tes its impressions of the outside ',·orld. His 
own clinical experience is con,iderable, ~d he has a wide acquaintance 
'''ith the literature of his subject, but he carri<'s his erudition lightly. 
:\early one qua.rter of the book is deYot('d to a learned and penetrating 
,tud,'of aphasia."-Timf. Lilerar." S1I1't1e"I(1I1. 
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SEX AND REPRESSION IN SAVAGE SOCIETY. Bv 
B. J;falinowski, Professor of Anthropology in the rniversit)· 
of London . 

• , This work is a most important' contribution to anthropology and 
psychology, and it will be long before ourten·books are brought up to the 
standard which is henceforth indispensable,"-SItuydc!_v Re"ieu.'. .. The 
welding of anthropology and psychology has never been more successfully 
accomplished. The material on \yhich his observations are founded is 
derived from the Trobriand islanders in ::\Ielanesia. Dr ::\Ialinowski 
devotes the earlier part of the book to a necessarily frank and detailed 
description of their actual customs and beliefs."-Birmillgham Post . 
.. Dr. ::\Ialinowski is announcing one important discovery after another."­
_Yatil)Jl. 

SOCIAL LIFE IN THE ANIMAL WORLD. By F. Alt'frdes, 
Professor-extraord. of Zoology in the lIniwrsity of Halle. 

IO/6 net . 
.. ::\[05t interesting and useful. He has collected a. wealth of e\'idence on 
group psychology."-.lIalichesfer Guardian. "Can leg:tirnately be com· 
pared with E:',hIer's JIenta/ity of Apes."-Xation. .. This arresting and 
pro\'ocative book is devoted to a summary of the social life of animals. 

II 
The facts ha\'e never before been brought before us so clearly in a single 
volume, and the cumulative e\'idence they provide with regard to the 
ba."c5 of animal psychology is most striking."-Outlook. 

I 

I 

THE PSYCHOLOGY OF CHARACTER. Bv A. A. Roback, Ph.D. 
21-/ 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 i 
Roback writes clearly and well; his book is as interesting as it is erudite." Ii, 
-Xeii: StateslIlll II. .. He has ransacked the psychological literature of six 
modern languages. besides delving deep into the remote past. From II 
Theophrastu5 to Freud he pursues his theme. His erudition is immense. I 
and his book ,,,ill probably remain the standard work for this generation." 'I' 
-Binninglianl PI)st. 
THE SOCIAL BASIS OF CONSCIOUSNESS: A Study in 

Organic Psychology. By Trigant Btlrrou} , M.D., Ph.D. II 

12/6 uet. I 

... \ most important book. He is not merely revolting against the schema- I. 
tism of Freud and his pupils. He brings something of very great hepe ii 
for the solution of human incompatibilities. Psycho·analysis alrea.dy 
attacks probleIILS of culture, religion, politics. Freud has given it a very II 

clever mac hine for proving the rest of the world wrong. But Dr Burrm'\"s 
book seems to promise a more firmly based, a wider and a more positive 
outlook upon our common life ."-.Yew Statesman. .. Full of revolutionary I 
thought and insight."-Dai!y Herald. I 
THE EFFECTS OF MUSIC: a Series of Essays edited by 

JIax .schoen. I 
15/- flet . 
. , The results of such studies as this confirm the observations of experience. I 
and enable u~ to hold with much greater confidence \ie"s about ,uch , 
things as the durability of good music compared with bad or the increase 1\ 
of pleasure yielded by experielloCe and training. which "'e loosely infer but [I 
cannot test. -Times Literary Supplement . .. The facts marshalled are of I 
interest to all music·lovers, and particularly so to musicians."-JIlIsical 
.1Iirror. _I 
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THE ANALYSIS OF MATTER. By Bertrand Russell, F.R.S. 
21/- net . 
.. Of the first importance not only for philosophers and physicists but for 
the general reader too. The first oi-its three parts supplies a st.,tement 
and interpretation of the doctrine of relath'ity and of the qlhl.ntum theory. 
done with hi" habitual uncanny lucidity (and humour', as is indeecl the 
rbt of the b<)uk. "~-_Uti IIc/;ester Gwmhl". "His present brilliant b<)ok 
.. , is candid and stimulating ,md. for both its subject and its treatment. 
one of the best that ~Ir Russell has gi\'en us."-Times Litenry Supplollen!. 

POUTICAL PLURALISM: a Study in :Modern Political 
Theory. By K. C. Hsiao. 

106 Izet. 
" It is the historical denlopment of this method of thinking ,Pluralismi 
that Prolbsor Hsiao examines in the present ,-olume. He deals ,,,ith the 
W)lOle of the literature. considers Gierke. Duguit. Krabbe, Cole. the 
\Yc·bbs. and Laski, and re views the relation of pluralistic thought to 
representative goyernment. philosophy, law, and international relations, 
There is no doubt that he has '~grasp of his subject and bre3.dth of ..-iew. 
He i" nen:r dull and does not attempt to gloss over the weakne~.,es of 
pI uralism as constructi..-e political thought. "-1'('YRShire Post. 

THE NEUROTIC PERSONALITY. By R. G. Gordon, JI.D., 
D.Sc., F.R.C.P.Ed. 

10,'6 net, 
l-ntil we have more knowledge than we ha.ve at present of these' low­

in'cl mental experiences '. and oi their influence on the state-; "e speak 
of 'h health and di~ease, our understanding of the neurotic personcllity 
c<l.n but b<e Tudimentar\'. Such knowledge as we 11.1\,\: on the subject. 
coupled with well-founded speculation and presented ,\'ith clarity and 
jUdgment, i~ otter-cd to the reader in this intere~ting OOok."- Times 
Liter IY\' Sllpplt'IIICllt. 

DIALECTIC, By JIortinca ]. Adler, Lecturer in Psychology, 
Columbia Cniversity. 

10,'6 lIet. 
Dialectic the author defines as the kind of thinking ,\'hic11 takes place 
when human beings enter into dispute, or when they carryon 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 b<elieycs. is not 3. system and h..l.S no 
special subject-matter, it is simply a method and an intellectu3.1 attitude, 
the method of dialectic, 

POSSIBILITY. By Scott Bucha1lan. 
1(1 ;) net. 
The author. distinguishing first b<etween the possible and the ',ctual, 
divide,; possibilit.,· into three classes, imaginatiYe. scientitic. 3.nu absolute 
possibility. The first is the realm of fanc .... and imagination e"pressed 
ill the fine arts 3.nd literature; the second is the fiel,l of science; the 
third i, the subject-matter of philosophy and theology. These three 
are dbtinguished from each other by au_'ysis and illu,tration. )\",,,t is 
giwn a definition of possibility and its place-in our knowleuge is examined. 
This definition is tl1en applied to two great historical philosophics, those 
of Kant and Aristotle, where possibility played a deciuing role. 
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PROBLEMS m PSYCHOPATHOLOGY. ByT. W.}.litchdl,JI.D: II"" 
9:- lIel. 
The aim of this book is to examine the foundations of :\ledical Psychology 
and to discuss some of the proble= that haYe arisen in the course of \ 
the deyelopment of Psychopathology. Some consideration is gh'en I 
to the "iews of "Titers belonging to the pre-analytical period. but the 
main part of the book is deyoted to the \'arious schools of thought which I ' 
regard some form of mental analysis as the only sure foundation for I 

I 
Ii 
I 

psychop3.tholog\·, and more especially to an exposition and criticism of Ii 

the theories of Freud iu the light of his more recent writings. 
RELIGIOUS CONVERSION: a Bio-Psychologkal Study. By 

Smite de Sanctrs, Professor of Psychology in the University 
of Rome. 

12·1) Jlcl. 
For many centuries the problem of ConYer:;ion has been a theme of 
contrOyt>fSY anl0ng belie\~ers and unbelicycfs alikE'. It 113.5 remained for 
Professor de S"nctis to surYeY the eyidence and rdate it to modern 
psychology in a sympathetic and, at the "arne time, a scientific spirit. 
He here considers the Causes of conn'rsion. the multifari0us Forms 
which it may takt? the Prou's:; itself, its Consequences, its Pilthology, 
and its Predict",bility. ::\ot only has he made a special study of four 
modern con \"('rt, to Catholicism,but the whole litcratu~{" both of mYSticism 
and of ps\"CLiatry is drawn upon for analy:;is and illustration, . 

SEARLY READY 
THE TECHNIQUE OF CONTROVERSY: Principles of Dynamic 

Logic. By Boris B. Bo(:,osZo,'sky. 
_-1bou: r() 6 uri. 
This is an attempt to work out practical dn'ices for the solution of the 
concrC'ie prohkms "'hieh confwnt us in actual {'\·ernl3.y thinking. 
The n:ltllre of dynamic logic, that is logic at wurk in thinking, is fully 
discussf"d and thE conclusions art? applied in a discus:;ion of the problems 
of E"d ,--]Cation. 
THE SYMBOLIC PROCESS, and its Integration in Children. 
By ] olm F. .lJark(y, Plz.D, 
Al,,~ ut 1(1 (J Jlft. 

The' work,ng of nun's mind is a process little understood. Recently light 
has be-en tlw)\'il1 on t11is ob,;cure ;,ubJect by the brilli:ll1t 'gestalt' tlKori,;ts 
and the behcl\"iouristic expl"nations. In this yolume a furtllcr adyance 
is made. .'\dequate attention is gin'n, almost for the first time, to the 
50ci;:\ relations in \'olnd in thc' symbolic process. ~lan is seen to differ 
frc,rn the other animals rather in degree tllan in kind. An analysis of 
spl·l._·ch bdl(lY1CJl:r is l:indcrtaken. 
PLATO'S THEORY OF ETHICS: a Study of the ::\Iora1 

Criterion and the Highest Good. B\' R. C. Lodge, Professor 
of Philosophy in the Cniwrsity of .:\Ianitoba . 

. n",zt: 2I - !I{t. 

This imp,'rtant yolume draws from all the \'arious Dialc'{;lteS passages 

I 
which are concerned \,-itb Ethics orthe Good. These passages are analysed 
compared and worked up into a coherent theory which m:~y ju,tly be 

I 
called Plato's theorY of Ethics. The student \\-ill find here, gathered 
betwc'en the con'" of a single yolume, all that Plato had to say about 

IlJorals and th<c moral judge-. psychological and objectiyc basis of t 'le 

I mora.l judgment and its yalidity, wealth, health. courage, justin:, pri\"atc 
and public SplT!t, nund and lts Yalue, the dl\'me, pleasure, happmess, 
immnrtalit\', ductrine of the mean, ctc. 
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THE SOCIAL INSECTS: their Origin and Eyolution. By 
William JJ(lrt'lIl Tl1zcd..-l', PlI.D.,S.D., Professor of Entomology 
at Han-ard ~~niYer5ity. 

Irith 48 platr s, aL,cJut Z I - net. • 
This ,'olume, by a "arId authority on the subject. sums up our kno\dedge 
of the social insects. It inquires "hat arc the :,ocial insects a.nd what it 
is that makes us call them' socia;', Tereb!,iilltia. aculeata, wasps. bees, 
ants, and termite_::- are discu::;sed in a succession of ch2.pters. ShO\Ting ho,\· 
they haye eyolyed. to how gTeat an extent they haye deyele>ped. and 
what are the peculiarities of their eyolution. Polymorphism, the Social 
::\IeruuTIl, Guests and Parasites of the Social Insects, are other subjects 
discussed in this iascinatmg book. 

HISTORICAL INTRODUCTION TO MODERN PSYCHOLOGY. 
By Gardller Jlllrtlzy, Ph.D., Instructor in Psychology at 
Columbia CniYer:;;it\·. 

Trith pl,Jf{s, ab.>ut Ib/- liet. 
Part Oue of this comprc'hensive work is concerned with the Pre-Experi­
mental Period, the I,t1:, I~th. and early l"th centuries. Part T,yo takes 
the stnry d()t>Il to the age of "'undt ; ::Ifill. Bam, Galton. Darwin. ::\1C'smer, 
Chare(,t. Helmholtz. and \Yundt. are all dealt "ith. The Third Part 
examines the ps},cbo]o.:;ists of the contemporary period. dt':llint: "ith 
the wurk of the ill,)"t emment in a series of chaph:rs Qn'oted t() ::\!emory, 
Structure and Function. Thought Processes. Skill. Behayiouri~m. Child 
PS~'ch()logy, Social P~ycholog~:.Pltycholo6Y of Religion. P.:SychcJa.nalysis, 
In,tinct, ::I1easure of Int('lligencc~. Pt'f,(,nality, Plly,iok'gical Psyc1,(,logT, 
etc. ,\ supplement by H. Kliiycr treats of ccJntempc,rary German 
contributions. 

COLOUR AND COLOUR THEORIES. By Cizristine Ladd-
Frallklin. 

lrith CV/'-ll1'fd 1'1,1tt5, a?I~:llt 12 ,-) uri. 
::\lr5. Ladd-Franklin's cullected papers coyer the \\'hole field of colour 
Yision, including tlwories of liC:!lt, night-blinGness. the rdina. thee)ry 
of colour theories, colour sensab:ms, etc. Criticism of the work of 
K,_,nig. P:nsons. Pole, Hering, ",nO. others reinforces the major pulemic 
against Helmholtz. 
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IS PREPARA TIO.Y , 

THE L\WS OF FEELIXG by F. PAt:LH.-\::-T 
DIono\":" OF XOR\L\L PEOPLE II}, W. ~I. ~L-\RSTOX 

SEXSE OF DIRECTION IX ;\::-TDL\LS by L. R.\B.U·D 
DIOTIOX.-\L EXPRESSION IX BIRDS by F. B. KIRKMA..1I.l" 
THE PSYCHOLOGY OF INSECTS . by]. G. llYERS 
Jl"D\~\IE\"T .\~ll RE.\SONIX(~ OF THE CHILD b}' J. PI.-\.GET 
REPHESEXT.-\Tlnx IX THE CHILI) by J. PlACET 
STATISTIe-\L :\IETHOD IN ECOXO:\IICS . by P. S. FLOREXCE 
(OLOl·R·HAR:\IOXY bY' J :~MES WOOD 
THE THEORY OF HE.-\RING . by H. HARTRIDGE. D.Sc. 
THE HDIA..." n,ICE by SIR RICH.-\.RD P.-\.CET 

SCPERNOR~IAL PHYSICAL PHEXOllENA by E. ]. DINGWALL 
GESTALT by K. KOFFKA 
INTEGR.-\ TIYE ACTION OF THE llIXD by E. :\nr LER. lI.D. 
THE FOl::';DATIOXS OF lIATHElIATICS by F. p. R.UISEY 
TDIE IX SCIE:\TlFIC THOI'GHT by L. WHYTE 

PL.UO'S THEORY OF KXOWLEDGE by F. CORXFORD 
PAR\DOXES OF RATIO~ALlS:\1 by L. 1S ROUGIER 

THEORY OF \IEDle-\L DHGXOSIS by F. G. CROC .sH.-\.~K. :\1.0. 
L.-\.~GC-\GE .-\S SY~IBOL AXD AS EXPRESSIO~ b}' E. SAPIR 
PSYCHOLOGY 01- KINSHIP. by B. :\L\LlXOWSKI. D.Se. 
SOCI.-\L HIuLOI;Y by M. GINSBFpr D.Lit. 
THE PHILOSOPHY OF LA\\, . by A. L .0vDHART 
PSYCHOLCII.;Y OF ~1l'SICAL GEXICS ~y G. RE\'ESZ 
:\!ODER'\" THEORIES OF PERCEPTION by W. J. H. SPROTT 
THE BEH.\ \'IOCRIST :\luYDIE~T . by A. A. ROI3ACK 
SCOPE .\XD \'.\LCE OF ECO;';-O\UCS by 8.-\RB.-\RA WOOTTON 
\!.\THDI.HICS FOR PHILOSOPHERS by G. H. H.-\RDY, F.R.S. 
PH[LOSUf'HY OF THE C'\"COXSCIOCS by E. VO'\" H.-'l:RDL\XX 
THE P:';YOIOLOGY OF :\IYTHS by G. ELLIOT S:\lITH. F.R.S. 
THf. PSYCHOLOGY OF :\[{'SIC by EDWARD J. DE::"iT 
PSYCHOLO(,Y OF PHDIITI\-E PEOPLES by B. :\IALlXOWSKI,D.Sc. 

DE\'ELUP~IE'\"T OF CHIXESE THOCGHT by Ht: SHIH 

.11. F. f{<jl,l>I5.:')l 0- Cu., rid., T"~ L:lwtlF)' Press, Loafs/oi' 
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