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PARASIrIC ANTS .ANDANT GI:ESTX

T HE anitsare so favorableforthestudylof certainiphenioiiieuia
touichon in the prew-hich
I have beenuniableto mole tlhanl
cedinglecturesthat I have set thislectureapart for theirfuller
I alltudeto the phenomenawrhich
considerationi.
biologistsembraceunderthe term.s"sviln)iosis ' or nititualisin' aniid "parasitism." Social life may.indeel. be rexarded-I
merelyas a special
formii
of symbiosis.This term.wlhiclh
sihifies the livimrto-Zether
in a balaiced. cooperative.
of organisms
niaiireciprocally
hielpful
ner,is commonilv
thatis. to partnersthus;
applie(diiiterspecifically.
related but belonging to differenlt
species. btit there is no reasoti
whv it should not be applie(dto the same kind of relationsbetween
individualsof the same species. that is intraspecificallv.Symbiosis
is probably never realized in its ideal form,which would requile

thateach of the partnier
organismsslhouldrenider
to the otherin

food or services an exact equivalenitof what it receives. So Lreat
is the greed of orgranismsthat oiie member of the partnership
usually tends to snatch more tlhaniits share of the profitsaccruinz
from the association. One member is tlhereforeexploited,.while
the other becomes eorresponidiilllvdepend(leiit.that is. parasitic.
In some groups of animnilss.mhiotic. or miutualisticrelation.smay
thus lapse into parasiti.sm.but it seems to me improbable that
parasitismamong inisectshas had such aniorigin. The commonaud
perhaps exclusive source of the phenomenonamong these highly

specializedorganismsis predatism. In fact. the mosttypicalof
parasiticinsectsare really refinedpredators.whichusually.oni
gro,ingto theirfullstature.killthehoststheyhavebeencarefully
sparin anid.,one mightsav, using as food-getting
instruments.
1 Lowell Lectures.
Vol. XVI.-i.
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Since this is not exactly the formof parasitismexhibitedby other
organisms,such as the tape-worms,certain barniaclesand bacteria,
I preferto call it "parasitoidism."
Yet even amongthe insectsthereare so manykinidsand dearees
of dependence on other inisectsthat a concise classificationis impossible. The phenomeniaare extremely diverse and protean.,
merging and melting into onie another in the most bewildering
maniner. My limited time and the exigencies*ofexpositiontherefore compel me to condenseand schematize. I am, moreover,dealinlgwith a small fragmentof a vast subject. The whole organic
world is burdenedwith parasitism,so shackled and impeded by it
that progressive evolution-becomes inhibited in every group in
which it appears, and the classes that have escaped its paralyzing
touch are very few. ProfessorJ. M. Clarke has shown that parasitismmade its appearance in marineanimals as early as the Cambrian and that it has kept recurringever since, specializing and
leadingrto "degenerationl" and thus robbing,group after group
of species of all hope of furtherprogress. Although they may
persist for ages they are doomed to extinction,and only the independent forms,those that neitherlapse into parasitic habits nor
waste their vitality in nouirishingparasites, stand any chance of
becomingthe ancestorsof ftuturetypes. We thereforebelong to a
linleagewhich,by some rare good fortulne,
escaped all the culs-desac of parasitism-till we became social.
The very conditionisof social life tend to facilitate the developmentof the host and parasite relations. Not only do the members of a societybecomemore tolerantof alien org,anismsin their
midst and even domesticateanid breed them, but the lnestsand
domiciles be'cause of the protectionthey afford,their higher temperature, the stores of food, the refuse even, the helpless young,
and infirmold they contain-all representingso much nourishment-attract hordes of predators,scavengers,inquilines, guests
anid parasites in the strictsense of the word. And the crowding
togetherof the social orgainismsgreatlyfacilitatesthe interchange
of all kinds of small parasites,such as mites,moulds anidbacteria
from host to host. On the other hand, the membersof a society
are themselvesnormally temporaryparasites of onieanother,the
youngrof the adults, the old of the young, and even the whole
colony,as a unit, may becomea temporaryor permanentparasite
on the colonyof some otherspecies. We noticedcases of this kind
among the social wasps anid bees, namely, Vcspa arctica and
austriaca and the various species of Psithyrus,and we shall find
more numerous examples anmongthe ants. I did nlothave time
even to enumeratethe alien beetles,flies,etc., that live in the nests
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of the social wasps alndbees, but they are numerous,and we shall
findthat the termitesare suirpassedonly by the ants in the number
of their parasites.
Although man furnishesthe most strikingillustrationsof the
ease with which both the parasitic and host roies may be assumed
by a soeial animal, his capacities in these directions have been
little appreciated by the sociologists. Massart and Vanldervelde
seem to be the only authors who have attemptedto do justice to
the matter. Our bodies, our domestic anlimalsand food plants,
dwellings,storedfoods, clothing,and refusesupport such numbers
of greedyorganisms,anid we parasitize on one anotherto such an
extent that the biolog,istmarvels how the race ean survive. We
not only toleeratebut even foster in our midst whole parasitic
trades, institutions,castes and nlations,hordes of bureaucrats,
grafting(r
politicians,middlemen,profiteersand usurers,a vast and
varied assortmentof criminals, hoboes, defectives, prostitutes,
white-slavers and other purveyorsto antisocial proclivities,in a
w^ordso many n-on-productive,
food-consumingo
and space-occupying parasites that their support absorbs niearlyall the energy of
the independentmembersof society. This conditionis, of course,
responisiblefor the small amounitof free creative activityin many
nations. Biology has only oniegreat categoricalimperativeto offer
IIs and that is: Be neithera parasite nor a host, and try to dissuade others from beinc' parasites or hosts. Of course, this injunctioniis no more easily obeyed than Kant's famous imperative,
of which it embodiesthe biologricalmeaning,for a parasite always
treats its host as a means and not as ani end, and the thoroughly
parasitized host must abandon all hope of beingcan end in itself.
I have expressed myselfsomewhatdrasticallyon human parasitism. If I attemptedto utter all my opinions on the subject I
should probably not be permittedto suirvivetill the next lecture,
even-in so toleranta communityas Boston. But so vividly are the
developmeint
and consequencesof biologricaldependenceillustrated
by the ants that by confillingmyselfto them,and possibly allowingoa hint to escape here and there,you will be able to construct
your own.analogies. The more strikingrelations of ants to other
orallisms are enumeratedin the accompanyinglist. I considered
the relationisto the Phytophthora(Fig. 78) in the preceding leetuLre,and our knowledgeof the relations to the higher plants is
in a state too controversialto admit of satisfactory exposition
wtithinthe limits of this lecture. We mnaythereforeconfineour
attention to social parasitism, or the behavior of ants as parasites anidhostsof one anotherand to the myrmecophiles,
or animals
that iise the ants as hosts. Social l)arasitismis exhibitedby two
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FIG. 78

Ants attending aphids on the roots of grasses and other herbes. (FIrom a
drawringby T. Carreras, after E. Step.)

series of species, onlein whichthe parasitic and host colonies occupy
separate though contiguous nlestsand thereforerear their broods
in separate chambers, or nurseries, the other in which the twvo
colonies have becomeso intimatelyunited that they occupy a single
nest and bring up their young in common. It will be seen that
not only each of these series, but also that of the myrmecophiles
begins in predatory (indicated by asterisks) and terminates in
definitivelyparasitic relations.
RELATIONS

OF ANTS

TO OTHER

ORGANISMIS

I. SOCIAL PARASITISMI (A.nts as Parasites)
A. CompounadNests (Broods rea.red separately)
*1. Brigandage ( Cleptobiosis)
*2. Thievery (Lesto,biosis)
3. Neighborliness ( Plesiobiosis)
4. Tutelaage (Parabiosis, Phylaeobiosis)
5. Hospitality ( Xenobiosis )
B. MLixedColonies (Broods reared Itogether)
*1. ''Slavrery'' ( Dulosis )
2. Temporary Social Parasitism
3. Permanent Social Parasitisnm
II. MYRMECOPHILY ( Ants las Hosts )
*1. Persecuted Intruders (Syneelitlirans)
2. IndifferentlyTolerated Guests (Synoeketes)
3. Mess-mates ( Comniensals)
4. True Guests (Symphiles)
5. External Parasites (Ectoparasites)
6. Internal Parasites ( Entoparasites )
III. TnOPHOnIosis (Relati6ns of' Ant.s to Phytophithora,etc.)
IV. PHYTOPHILY (Relations of Anlts to Plants)
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The great armies of the nomadic legionaryants to which I
alluded in mypreviouslectureoftenattackthe nestsof otheranits
and carryaway and devourall theirlarvaeand pupfe. This is, of
course,pure predatismand is not includedin the list because it
association. This is obviouslypreis hardlya true interspecific
vented by the itinerantand hi(ghlycarnivorousbehaviorof the
plunderers. In the compoundnests,however,the coloniesof the
two species occupy stationarynests which are so close together
and
that their galleries may interdigitateor intercommunicate
permitonieof the speciesto enterthe nestof the other. Different
ant colonieseven of the same speciesare so hostilethat theirmere
existencein such contiguityimpliesthat one of the species is to
some extentexploitingthe other. That the mannerof exploitaants will be seen fromthe followingbr.ief
tion differsin different
accountof the variousknowntypesof compoundnests:
(1) Certain small but aggressiveants, which secure at least
a portionof theirsustenanceby waylayingthe foragingworkers
of another species and snatchingaway their food, deserve the
nameof brigands. Such antsnaturallymaketheirniestsnear those
of the speciestheyplunder. Thus Dorymyrmex
pyramicusin our
states oftenconstructsits nests in the clearing,sursouthwestern
roundingor even on the large moundsof harvestingants of the
genus Pogonomyrmex
(Fig. 79).
(2) In cases of whatI call "thievery the exploitationis more

FIG.

79

Moundof agricultural
occideiitalis)bearinga crater
ant (Pogonomtyrnmex
pyramiiicus).
(at a) of a smallbrigandant (Doryinzyrnmex
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subtle antdefficient.The thief-ants,all of which are subterranean
and have very small workers,nest in the earthen walls of populous ant or termitenests,much as the little red house ant (Motornoriutm
pha-aonis) liests in the walls of our dwellings. The chambers of the two nests are conllnected
by extremelytenuousgalleries,
excavated, of couLrse,by the thief-anitsand permittingthem to
iiivade the niestsand feed on the brood of their lar(re neighbors,
but preventingthe latter from enteringthe nests of the robbers,
who are either ignored or overlooked on account of their diminuitivesize, and thereforecarry on their depredations unhindered. The abund(lanceof food which they thus secure enables
them to rear very large queens and males, but the workersthemselves are condemnedto perpetual dwarfishnessby their criminlal
mo(le of life. The most remarkablethief-antsare found in the
larogetermite nests of the tropics, and the conditions described
attain their most extremeexpressionin the gienusCarebara. The
wi-orkers
are miniute,pale yellowi,
aind blind, the queens and males
deeply colored and several thousandtimesas larg,eas the workers.
Arnioldhas recenitly
suggestedthat these extraordinarydifferences
in size must make it impossiblefor the youlngqueen to feed her
firstbrood of workersanidhence to establishher formicaryin the
typical iindepenidenit
mannerof otheranits. For this reason, when
she leaves the parental nest to take her nuptial flight,she carries,
attached by theirmanidiblesto the tuftedhairs on her feet,several
workers,which thus accompany her till she has made her cell in
some termitemound, and then take charg,eof rearingcher first
brood. Oil readingrArnold's account I examined a number of
females and males of the Ethiopian Car-ebaravidutain my collectionianid at once foun-id
the minute workers attached as he describes. The accompainyingr
sketch (Fig. 80) shows one of the
quieenscarryingtwo workers. These, of course, also attach themselves to the males that leave the nest at the same time, but as
they-do not accompaniythe nest-founding,
queens and die just
after mating,the workersthat happen to choose air-planes of the
wrongsex also perish.
(3) What, for lack of a betterterm,T have called "neighbor" is a very commonrelationshipbetweentwo,or morerarely
liniess,
threeor even four species of ants living in nests,oftenwith interdioitating"but never with intercommunicating
galleries,under the
same stonieor in the same log. Usually the ants of the different
colonies,when they happen to meet,are more or less hostile. If
one of the species is small aind weak it undoubtedlyderives some
protectionfrommerelylivinlgnear a large and powerfulneighbor,
or the feeblermay feed to some exteniton the refuseof the larger
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FIG. 80

Winged quteen of Car-bai-a viduia carryinigthe minute blind workers of her
own species attached to liei tarsal hairs.

form. WVhenboth species are large and aggressive they may
perhaps find it advanitageousto presen-ta combinedhostile front
to the attacks of otherants.
(4) What Forel calls "parabiosis," a wor-dI have translated as "tutelage," seems to be a moredefiniterelationof mnutual
or unilateral protection. In a typical case which I recentlyobserved in British Guiania, we have two species, a small black
Crematogaster (C. parabiotica) and a largrebrown Camponotus
(C. femorattus)togetherinhabiting a largreball of earth which
they build up around the branch of a tree. In this ball, which
" because it supportsnumerousepiphytes,
Ule calls an "ant-gardeni,
the Crernatogasteriuhabits the superficial,the Camponotus the
centralportions. When it is slightlydisturbedthe littleblack ants
rush out to attack the intruder,buita more serious disturbance
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of the nest at once brinigsout the battalions of the much larger
and extremelyvicious brown species. The Crematogasterseem
thereforeto act as a skirmishingline for the Camponotus.Though
the galleries of both species open freely into one another, and
though the workersof both forage in long commonfiles on the
surroundingvegetation,theyneverthelesskeep theirbroods rigidly
separated. The tutelary or parabiotic relation is evidentlymore
mutualistic or cooperative than any of the fore(goingcases of
compoundnests.
(5) An interestingseries of small species includes the "guest
ants" whichlive in still more intimaterelationswith otherspecies.
One of the best examples is Leptothorax cmersoniwhich I first
found many years ago associated with the considerably larger
Myrmica canadensis in bog-like situations on our higher New
Englan-d hills. The Leptothorax inhabit small chambers at the
surface of the Myrmicanest and connectthem by means of tenuous galleries with the chambers of their neig,hbors. The Leptothorax workers spend much of their time in the Myrmica nest
where they mount the backs of the workersand assiduously lick
their bodies and especially their heads and mouthparts. The
Myrmicasseem greatly to enjoy this performanceand from time
to time reward their little guests with a droplet of regurgitated
food. But while the Leptothoraxarrogateto themselvesthe right
to mingle freelywith the Myrmicas and to flatterthem into regurgitation,they resent the intrusion*ofthe Myrmicasinto their
own habitations and insist on bringing up their own brood in
perfectseclusion. Under natural conditionsthe Leptothorax are
never seen to take any food, except fromthe surfacesand crops of
theirhosts,but if kept for some time by themselvesin an artificial
nest, they learn to eat honey anid insects like other ants. And if
both species are kept togetherin a glass nest without earth and
thereforewithout materials for making,separate chambers,the
Leptothorax eventually though very reluctantlypermit the Myrmicas to ming,lethe broodsof bothspecies and a true mixed colony
is formed.
The ants that live in the various compoundnests are not closely
allied but belong to differentgreneraor even subfamilies,a fact
which may help to explain why they occupy separate nests and do
not brincrup theirbroods in common,for the rearingof the brood
is a very delicate operation and would be apt to differconsiderably in unrelated species. We may thereforebe prepared to find
that mixed colonies are formedonly by closely allied species, i. e.,
either by those belongino to the same genus or to closely allied
genera,and this proves to be the case. But beforeconsideringthe
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various types of mixed colonies, two facts must be emphasized:
First, maniyants are fond of kidnapping the larva alnd pupe
belonlg,ing
to other colonies of their own or allied species. Frequently these kidnapped young are devoured, but in well-nourished colonies they may be permittedto completetheir developmentalndthe emergingworkersmay be adopted as bona fidemembers of the colony,even if they belollg to a differentspecies. It
is thereforepossible to produce a mixed colony artificiallyby
giving a colony the mature brood of some other species. In this
manner Miss Fielde succeeded in inducing species belongingeven
to very different
subfamiliesto live togetherin perfectamity. It
is also interestingto observe that ants thus reared in the colony
of anl alien species may be very hostile to their own sisters that
have beenileft to grow up in the parental nest. Second, the mixed
coloniiesfound in nature are not in the firstinstance produced by
a mnere
kidnappinigof the brood of an alien species, but by the
youn(gqueen of a parasitic species,that is unable to start a colony
independently,invading the niestof another species, which then
becomesthe host. The behavior of the invadina parasite and the

,>,~~~~~~~~~~~C

FIG. 8r
Blood-r-ed slave-imiaker(Toi-WliC(Gsa;iguilnca) in profile. a, Queell, witli wings
anid legs remiioved;b, 1seudogyne; c, wvorker;d, head of samiiefriomabove,
slhowinigthe clhatracteristic
notclhin the clypeus.
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host colonly differ in differenit spe-cies, buit in niearly all the olb-

served cases the host queeni,if presenit,is evenituallykilled anldher
place is taken by the alien in-truLder.
Sin-cethe queen ant is really
the reproductiveorgianof the colony conisideredas a superorgvanism, the host colony may be said to be castrated anid its sterile
wtorker
personnlelis constrainedto devote all its energiesto rearingcthe brood which is forthwithproduced by the fecund parasite. With these gelneralstatementsin mind we may turn to the
three types of mixed colonies,those of the slave-makers,the temporary and permanientsocial parasites:
(1) The peculiar phenomena known as slavery, or dulosis,
which occuirin two genieraof Formicine, Formica and Polyergvus,
and two g,eneraof Myrmicina, Strongylogcnathusand Harpagoxenus,represenltthree phylogeneticstages, a primitivestage in
Formica sacngntineca,
a culminatingstage in Polygercus ancda degeenerateor evanescent stage in Strongylognathusanid Harpagoxenus. The "blood-red slave maker," F. sanguinea (Fig. 81),
is a commonbut ratherlocal red ant, with black or brown gaster
and is represelntedby numeroussubspecies anid varieties ranging
over northernEurope, Asia anidNorthAmerica. It can be readily
distingcuished
from the other species of the genus, at least in the
Old World and the easternUJnited
States, by the pronouncednotch
in the clypeus or small shield(at the anterior end of the head.
The workerand queen look as if theywere hare-lipped. Sanguinea
is one of the mostin-telligyent
of alntsand tlherefore
one of the most
interestingto keep in artificialnests. Its habits were firststudied
more than a centuryago by Pierre Huber, the son of the blind
FranicoisIluber, and have ever sinicecommandedthe attentionof
myrmecologists,because its armies of workers make periodical
forays on the colonies of the commonblack Formica fusca, carry
the worker larvw and pupa into their nest and permit many of
them to emerce and become membersof their colony. Thus the
colony is mixed, anid the black individuals, on account of their
color and proveniene, have beenicalled "slaves." It is evident,
however,that this term is inappropriate,for a slave is "a man
who is the propertyof another,politically and socially at a lower
level than the mass of the people, and performin(r
comppulsory
labor" (Nieboer), and ilone of these distinietionsapplies to the
fusca workers in the sanguincea nest. They are more properlv
called "auxiliaries" (Ililfsameiseni),but I shall u-sethe old term
oni account of its brevity. At least one of the subspecies of
sanguinea (aserva) does niotmake slaves, and the colonies of some
of the otherformsgive up the habit aftera time,for the sangtinea
coloniy,when onieeestablished,is quite able to lead an
inidepenident
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life. Darwin-and others offeredvarious explanationisof the peculiar slave-makinghabit of sacnguinea, but its meaning remailled
obscure till 1904 when I found that it had its origrini
in the behavior of the young queen. She is quite unable to found a colony
independentlyand therefore,after her marriageflight,may adopt
one of threecourses: she may returnto the nest in wrhichshe was
reared or enter some other sanguinea nest, or she may invade a
nest of F. ftsca. As the firstanid secolndcourses are sometimes
adopted by other ants and do lnotlead to the formationof mixed
colonies,they need no furtherconsiderationin this place and we
may confineour attentionto the last. As soon as thesanguinea queen
invades a fusca coloniy,she becomesgreatlyexcited ancdinlterested
in the brood, seizes ancdcollects in a small pile as many pupte as
she can snatch up and nmoun-ts
guard over them. She slays any
ftuscaworkersthat are bold enouglhto attemptto regain theirproperty and is thereforesoon left in uncdisputedpossession of her
plunder. Eventually ftsca wvorkers
emergefromthe cocoons and
at once assnme a friendlyattitndetowardsthe queen, feed her by
regurgitationand behave towards her as if she were their Own
mother. She begins to lay eggs and the resultingC
larvw are fed
and rearedby the black workers,so thatNwhen
thesangutineaemerge
a mixed colonyis established. These workersshowv
that theyhave
inheritedtheir mother's proclivitiesby kidnappingcthe brood of
neighboringfutscacolonies,but they do this as an army and carry
the fusca brood to their nest. In some colonies,as I have stated,
this kidnapping or slave-makingproclivitymay disappear after
a time,and in aserva it seems to disappear very early or perhaps
is not even inheritedby the workers. In such cases, therefore,the
personnel of old colonies may be made up entirelyof sanguinea
afterthe batch of fusca w7orkers
kidnapped and reared by the queen
has died of old age. It is evidentthat slavery is at bottoma form
of predatismand has its originiin the inabilityof the youngcqueen
to establisha colonywithoutthe aid of workers. Unlike the great
majority of ant-queens,she has been unable to store enough food
in her body to stanidthe strain of long fasting and nourishing
her firstbrood. In anothersense she is, of course,a parasite ancd
the fitscaworkersrepresenitthe host. Owiingto the fact that the
colony may evenituallycease to increase its workerpersoninelby
the kidnapping of fusca brood, we may call this type of slavery
temporary,acute or facultative.
The species of Polyergus, or "amazois," as they were called
by Pierre Huber, have much the same distributionas
sanguitea
and have the same species of Formica as slaves, but their method
of securing,the latter is more highly perfected. The
amiazons
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I.IG. 82>
a, WVorkerof Polyerguts lutcidus,the "shining amazon," a permianentslavenaker of the Eastern United States; b, head of same, slhowilig the sickleslhaped mandibles.

are very beautiful red ants (except the Japanese P. sanmurai,
wihichis black), and theirmandiblesare slenderand sickle-shaped
ancdperfectlyadapted to fightingbut of no use for digging in the
earth or capturing,food (Fig. 82). Ilence theseinisectsare unable
to make nests or eveento feed themselvesor care for their own
but are absoluitely (lependent on their slaves. Like
youngw,
san,guinca,the amazonismake periodical forays, which for some
uniknownii
reason are alw\iays
carried out in the afternooln,
buLttheir
armies slhowa more perfectedtactical organizationianid the subjugation and pluinderincg
of the futscacolonies are effectedwith
much gyreaterdispatch anid precision-one might say with the
mostconsummateecla.t. At the approach of the amazons the ftusca

FIG. 83

of Strougy1ogniathits lostaccuzs, a degencrate slave-maker of Euc, WN-orker
rope; b, lhcad of femalc of samqe; c, lhead of worker of S. huberi, an allied
species; d, worker of the pavemcnt ant (Tetranmoriumcaespitumt1),the host

of thespecicsof Strongylognatlhtis.
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workersusually fleein dismay,but if theyofferany resistancethe
amazons pierce theirheads with the sickle-shapedmandibles. The
young on emergingfrom the kidnapped pupae excavate the nest,
feed the Polyergus and bring up their brood but do not accompany the armies on theirraids. The initial stages in foundingthe
colony have been studied by Emery, who found that the young
Polyergusqueen secures adoption in some small, weak fusca,colony
after killing its queen by piercing her head. She then produces
her brood which will later make the slave-raids on the fusca
colonies. Since this raiding proclivitynever lapses even in old
colonies, Polyergus is to be regarded as a chronic,or obligatory
slave-maker. An amazon crimsonon a fieldsable with the device
"stultus sed pugnax" might be an appropriate coat-of-armsfor
some of the militarycastes that have flourishedduring the course
of human history.
In Europe there are several species of the interestinggenus
Strongylognathus(Fig. 83a-c), which have sickle-shapedmandibles like Polyergus and always live in the colonies of the common
pavementant, Tetramoriumcaespitum (Fig. 83d). Our fragmentary knowledgeindicates that we have here some of the degenerate
or evanescentstages of slavery. The workersof S. rehbinderiand
huberi seem still to make forays on Tetramoriumcolonies and to
carry home their brood, and Kutter has recentlyshown that S.
alpinus, a formI discoveredsome years ago near the head-waters
of the Visp, withinsight of the Matterhorn,makes nocturnalslave
raids and is accompanied by its slaves, which do mostof 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 meanisof disconcertingor terrifyingthe
colontiesof cces'pitumwhose brood they are bent on kidnapping.
Finally, S. testaceus,the best-knownspecies of the genus,no longer
makes forays and is tending to lose its workereaste. Wasmann,
Mrazek,Forel and I have found that coloniesof ccespituminfested
by this species may retainlthe host queen. In order to establish
her colony,therefore,the young testaceus queen probably associates herselfwith a young,nest-foundingccespitumqueen. In the
mixed coloniesof otherspecies of Strongylognathusthe host queen
appears to be eliminated as in the colonies of sanguinea and
Polyergus.
(2) In 1904 I detected another methodof formingmixed colonies, which I called temporary,although I might have called it
acute social parasitism. It is practiced by a number of ants, especially by several NTorth
American species of Formica that have
unusual queens. In some species they are peculiarly colored or
70ol XVI.-2.
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furnished with long yellow hairs, in others they are extremely
small,smaller even than the largestworkers(Fig. 84). The young
queen of these ants entersthe niestof another Formica belonging
to the fusca or pallide-fu,lvagroup and is very apt to be adopted,
probably on account of her smaller size or other physical attractions. 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
to plunder other
inclinatiolnon the part of the queen's offsprinig
nests of the host species, anidas all the host workersdie offin the
course of a few years, a pure colonyof the parasitic species is left
behind and may grow to be very populous and aggressive,without
showincg
any signs of its parasitic origin-a beautiful analogue of
some human institutions,whichafterstartingin humbleand cring-

,~~~~

FliG.

84

A temporary parasite (Fo-iiiica iinicrogynia). a, queen, with wings removed;
b, large worker drawn to same scale; c, head of same; d and e, petiole of
worker aind 1qCecn seein from behind.
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ing parasitism have come to acquire during the centuriesa most
exuberantand insolentdomination. Our eommonmound-building
ant (Formica exsectoides)is one of thesesuccessfultemporaryparasites whichstartsits opulentcolonieswiththe aid of the ubiquitous
F. fusca var.subsericea. Sinee myobservationswerepublishedmany
European Formicas, including the well-knownmound-building
rufa, and ants of several other genera (Lasius, Bothriomyrmex,
Crematojaster,etc.) in vrariousparts of the world have been found
to be temporarysocial parasites. One of the most interestingof
these is the Dolichoderine Bothriomyrmexdecapitans which
Santschi observedin Tunis. The young queen, on descendingfrom
her marriageflight,wanders about on the ground till she findsthe
nest of a Tapinoma nigerrimumcolony,wh-enshe permitsherself
to be seized and "arrested" by its workers. These then proceed
to drag her into their burrow by her legs and antennw. After
enterinlgthe nest the parasite may be attacked fromtime to time
by the workers,but she takes refuge on the brood or on the back
of the larger Tapinoma queen. In either of these positiolnsshe
seems to be quite immune from attack, probably because her
own odor is overlaid by that of the brood or the host queen.
Santschi observedthat the parasite oftenspends long hours on the
back of the Tapinoma queen and that while in this position she
busies herselfwith sawiilg offthe head of her host! By the time
she has accomplishedthis cruel feat, she has acquired the nestodor and is adopted by the Tapinoma workersin the place of their
unfortunatemother. The parasite thereupon proceeds to keep
them busy bringing up her brood. They eventually die of old
age and the nest then becomes the propertyof a thriving,pure
colonyof Bothriomyrmex
decapitans.
(3) There are more than a dozen genera of ants fromvarious
parts -ofthe world,which may be classed as permanent,or chronic
social parasites. They have all completelylost the worker caste
so that in this respect they closely resemblethe parasites among
the social wasps and bees. The young queens enter the nests of
other ants and secure adoption, like the queens of the temporary
social parasites. The host queen seemsto be regularlyassassinated
by her own workers. At least this has been observedby Santschi
in the case of Wheeleriellasantschii,which lives in the nests of
the common North African Monromorium salomonis. After fecundationthe Wheeleriellaqueen roams about over the surface of
the soil in search of a Monomoriumnlest. When near the entrance
of one of themshe is "arrested," to use Santschi's expression,by
a band of Monomiorium
workers,which tug at her legs and antennaTand draw her into the aalleries. Sometimesshe may be
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FIG.85
A workerless,degenerate,permanentsocial parasite (Ane gates atratulus)of
Europe. a, virginqueen; b, old, egg-layingqueen with enlargedgaster; c,
head of same fromfront;d, male, which is winglessand pupoidal; e, head
of .same.

seen to dart suddenly into the entranceof her own accord and is
arrestedwithinthe nest. There are no signs of anger on the part
of the Monomorium,and she is soon permittedto move about the
galleries unmolested. The workersthen begin to feed and adopt
her and in the course of a few days she lays her firsteggs, which
are accepted and cared for by the host. The parasite pays no
attentionto the much larger Monomrorium
queen, but the latter is
eventually assassinated by her own workers. Other species, like
the famous Anergates atratulus (Fig. 85) of Europe and the recently discoveredAnergatideskohli of the Congo, are much imore
highlymodifiedand representthe last stages of parasitic degeneration. In the former,which lives with Tetramoriurm
ccespitum,the
queen is small and winged (Fig. 85a), but after deiilation and
adoption her gaster swells enormouslywith eggs till she resembles
an old termitequeen (Fig. 85b). The male (Fig. 85d) is wingless
and pupa-like and unable to leave the nest so that mating takes
place between brothersand sisters ("adelpho(gamy" of Forel).
The conditions in Anergatides,which is a parasite of Pheidole
melancholica.,are somewhatsimilar. In the workerlessparasites
the offspringof the intrusivequeen are, of course,all males and
femalesand are produced duringthe life-timeof the host workers.
The colonies are thereforemixed throughouttheir existencewhich
is necessarilyterminatedby the death of the host.
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While all myrmecologists
now agree in recognizingthe three
types of social parasitism and their origin in the behavior of the
young queens, there is still disagreementin regard to their phylogenetic derivation. I at firstbelieved that they had all had their
inceptionin the passive adoption of insufficiently
endowed,young
queens by colioniesof their own species, and Wasmann has consistentlyadhered to this view. Emery and Viehmeyer,however,
see in the aggressive,predatorybehaviorof the sanguinea queen a
stage fromwhich temporaryand permanentsocial parasitismmay
be morenaturallyderived. I am now inclinedto believe that these
investigatorsare nearer the truthand that the adoption of queens
by colonies of their own species is a distinctphenomenon,which
may readily lead to the formationof new colonies by a kind of
swarming,analogous to that of many social bees and wasps, but
not to the series of parasitic developmentswhichwe have been considering.
All the parasitic ants are rare or local. The permanent,or
chronic social parasites, especially, are so very scarce that they
must be on the very verge of extinction-a fact which shows that
parasitism,so far as the race is concerned,is anythingbut a promising or profitablebusiness. But even the individual parasite buys
its rare successesvery dearly,for it must oftenrun the gauntletof
great resistanceand animosityon the part of a too healthyhostand
must at the same time carefullyavoid seriouslyinjuring that host
and thus bringingabout its own destruction. Parasitism in the
queen ant may, indeed, be regarded as a kind of compensationor
overcompensationfor her inability to rear a brood of workers.
One is remindedof the overeompensations(megalomania) resorted
PERMANENT
PARASITES

SOCIAL PARASITES
HOSTS

(ANTS WITHOUT
HABITAT

WORKERS)
iNCESTRAL

GENUS

Sympheidole elecebra....Pheidole ceres.................. Nearctic....... Pheidole
Eppipheidoleinquilina ....Pheidole ceres.................. Nearctic....... Phedidole
Parapheidole belti........ (I) Pheidole sp.................Malagasy .......Pheidole
gifolinia laura ................()
Pheidole sp.................Palearetic .....Pheidole
Anergatides kohli..........Pheidole melancholica......Ethiopian....Pheidole
Wheeleriella santsch1w
....Monomorium salomonis....Palearcti-......Monoomorium
Wheeleriella adulatrix..MonomoriumsubnftidumPalearetic....Monomorium
Wheeleriella wrougtoni..Monomorium indicum......Palearetie .....Monomorium
....Nearctic....... Monomorium
Epwous pergandei.......... onomorium minimum
Epixenus andrei............Monomoriumnvenstuim....Palearctic.-_Monomorium
Epixenus biroi................Monomorium creticum....Palearetic.---Monomorium
M:yrmi.camyrmoxena.... MJyrmicalobicornis..........Palearetic.... Myrmica
Hagioxenus schmitzi.... Tapinoma erraticum........Palearctic. Monomorium
Anergates atratulus ...... Tetramoriumncespitum....Palearetic. ,,(7) Tetramorium
Pseudoatta argentina.... (7) Moflerius balani ....Neotropieal...Mmllerius
Plagiolepis nuptialis.Plagiolepis
custodiens .Ethiopian..
Plagiolepis
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to by some human being with pronounced inferioritycomplexes.
Was it an inkling of this that led the ancients to make Hercules
the tutelary deity of parasites? That the parasitic queen's inability has been acquired and fixedduring the past historyof the
species is suggestedby the singuvlXlarly
close geneticrelationsof the
parasites to their hosts. In the great majority of cases, as indicated in the accompanyinglist, the parasite belongs eitherto the
same genus as its hostor to a genus descendedfromthat of its host.
This is equally clear fromdetailed lists of the otherparasitic ants,
wasps and bees and shows that the parasite originallyled an independent life but took to exploitingsome common,allied species of
the same genus. Probably the exploitationwas at firstpredatory
as it still is in certainPsammocharidwasps and Formica sanguinea,
because food was more expeditiouslysecured by such tactics. In
the course of time the parasite's adaptations to its host became
increasinglyrefinedand were reflectedin its structure as generic distinctions,as we see, e. g., in the species of Polyergus,which
are obviouslymodifiedFormnicas. The descentto Avernus became
steeper and more slippery,as the parasite, yielding to inertia,became chronicallyand abjectly dependentonlits host and condemned
itself to physiologicaland numerical iiiferiority("misere physiologique"). The next stage is extinction,after a longer or shorter
period of hopeless specialization ("degweneration"). This or a
very similar storyhas been so oftenrepeated in all the classes of
the animal and plant kingdomsthat the number of formswhich
during geological time have descended to the limbu.s parasitorunrn
must be considerable.
Having considered the ants as parasites and hosts of one
another,we may now turnto the cases in whichtheyact as the hosts
of insects belonging to very differentorders, the myrmecophiles,
or ant-,guests. Here we enteron a vast and very intricatesubject
to which I shall be unable to do justice in the short time at my
disposal. Fully 2,000 species of myrmecophileshave been described,and no doubt the numberwill be morethan doubled when
the nests of the many species of tropical ants have been carefully
explored. The myrmecophilesinclude riotonly membersof nearly
all the differentorders of insects but also many spiders, mites,
millipeds and land-crustaceans-a weird, one might almost say
demoniacal, horde of creatures,which have been induced to live
in more or less intimateand maleficentrelationswith the ants by
the obvious advantages of the association. Ant nests furnishadmirable hiding or lurkingplaces and are at night and during the
wintermonthssomewhatwarmerthan the surroundingsoil. They
often contain quantities of food or refuse,and the helpless brood,
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callow and injured ants may be stealthilydevoured. Furthermore,
the ants may be wheedledinto adoptingand feedingalien insects,
as if theywere tleir own young or ants of the same species. All
the formsof exploitation,therefore,
frompredatism,adoption and
domestication
to externaland internalparasitismhave been developed by the myrmecophiles.It may be said that these creatures
have searchedout and taken advantage of everyvulnerablepoint
in the ant's structureand behavior,just as everyhuman idiosyncrasy,frailtyand virtuehas been exploitedby somecunninghuman
parasite.
There are two reasonswhywe mustconsiderthe myrmecophiles
in these lectures. First, many of themlive only with particular
ants and really forma constituentthoughnot an essentialpart of
their colonies,for althoughthey are not present in all colonies,
theycan not existapart fromthe ants exceptwhilemigratingfrom
one nest to another. They are, in fact,a moreintegralcomponent

FIG.

86

Larvaeand pupaeof a ponerineant (Pachycondylamonttezumiia)
aniditscornmensal (Metopinapachycondylae).The Pachycondyla
larvaemarkedx have
each a Metopinalarva aroundthe neck;-z,isolatedMetopinalarva; v, Metopina puparium; u, cocoon of Pachycondyla.
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of the colonyin whichthey occur than are the domesticanimals in
the human community. Many of our domesticanimals are still
able to returnto an independent,feral life, but this is impossible
for the more typical and highly specialized ant-guests. Second,
the ant-guests afford a very striking, indirect or patholoc,ical
demonstrationof the extraordinaryintensityof the brood-nursing
propensitiesof ants. Any insect possessed of the glandular attractions,which I shall presentlydescribe,can induce the ants to
adopt,feed and care for it and thusbecomea memberof the colony,
just as an attractive and apparently well-behavedforeignercan
secure naturalizationanld nourishmentin any human communlity.
But the procedure among the ants is more striking,because the
foreignersare so very foreign,that is, belong to such alien and
heterogeneousgroups. Were we to behave in an analogous manner
we should live in a trulyAlice-in-Wonderlandsociety. We should
delight in keeping porcupines, alligators; lobsters, etc., in our
homes,insist on theirsittingdown to table with us and feed them
so solicitouslywith spoon-victualsthat our childrenwould either
perish of neglector grow up as hopeless rhachitics.
Although every species of myrmecophilehas its own methods
of securingfood and lodgingsin the ant nest I shall describeonly
a few examples to illustratethe exploitation of the trophallactic
habit.
(1) There are probably several myrmecophilesthat steal the
food given to the larva, but the only case that has been adequately
describedis the larva of a small fly,Metopina pachzyco%dyl1wf,
which
I fourd many years ago in Texas infestingthe nests of a Ponerine
ant, Pachycondylamontezumia(Fig. 86). This ant feeds its larvae
in a very primitivemannerwith pieces of insectsand thus exposes
itselfto the inroads of the Metopina. Its small larva clings to the
neck of the ant larva by means of a sucker-likeposteriorend and
encircles its host like a collar. Wheneverthe ant larva is fed by
the workerswith pieces of insect placed on its trough-likeventral

FIG.

87

Ateluraformicariaabout to snatchthe dropletof food thatis beingregurgitatedby one Lasius inixtusworkerto another. (After C. Janet.)
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surface, within reach of its mouthparts,the larval Metopina uncoils its body and partakes of the feast; and when the ant larva
finallyspins its cocoon it also encloses the Metopina larva within
the silken web. The commensal,however,movesto the caudal end
of its host and formsa small flattenedpuparium which is applied
to the wall of the cocoon. This is obviouslyan adaptation for preventinginjury fromthe jaws of the workerants when the cocoon
is being opened and the callow extracted from its anterior end.
The ant hatches beforethe Metopina and the emptycocoon, with
the puparium concealedin its posteriorpole, is carriedto the refuse
heap. Here the fly emergesand escapes from the cocoon by the
opening throughwhich its host emerged. The Metopina consumes
so little food and is so considerateof its host that it can hardly
be said to produce any injurious effecton the colony; at any rate
the larvae which have borne commensalsdevelop into perfectly
normal workers. The ants clean the commensalswhen they are
cleaning their own progenyand show no sigynsof being aware of
their presence in the nest.
(2) Lepismina (Atelu,ra) formica.ria(Fig. 87) is a small,primi-

.~~~~~~~~

FIG. 88

mites(Antenoriented
threesymmetrically
Lasius mixtusworkercarrying
nophorus
pubescens). A, ventral;B, dorsal; C, lateralview. (AfterC.
Janet.)
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tive insect which lives in the nests of Lasius mixtus. Its body
tapers rapidly behind and is covered with slippery scales so that
it is not easily caught by the ants. It is, moreover,extremelyagile
and circumspect,because it has not succeeded in ingratiatingitself
with its hosts. Janet, after providinga colony of Lasius mixtus
with honey,was able to make the followingobservationson the
behavior of the insect: "From the instantthat the firstforagers
returnedto the nest,the Lepismina showedby theirexcitementthat
they perceivedthe odor of honey. Soon a considerablenumberof
anitswere grouped in couples for the purpose of regurgitating.
They elevated their bodies slightlyand oftenraised theirfore legs,
thus leaving a vacant space under their heads. As soon as a
Lepismina came near such a couple, it thrustitselfinto the space,
raised its head, suddenlysnapped up the droplet that was passing
in frontof it and made offat once as if to escape meritedpursuit.
But the anitsstanding face to face are not free enough in their
movementseven to threaten the audacious thief, who forthwith
proceeds to take toll from another couple and contilnuesthese
tacticstill his appetiteis appeased."
(3) A more subtle method of obtaining regurgitatedfood is
adopted by the large mitesof the genus Antennophorus(Fig. 88),
whichhave been studied by Janet,Wasmann, Karawaiew and myself. These mites, which have conspicuouslylong,fore legs and
attach tlhemselvesto the bodies of the workers,whetherpresent
in odd or even number,always orientthemselvesin a symmetrical
positionl-withrespectto theirhost. When only one Antennophorus
is presentit clings to the gula, or chin of the ant, with its fore legs
directed towards the ant's mouthparts. When two are present,
there is one on each side of the head or one on each side of the
gaster; in the formercase the antenniformappendages are directed
towardsthe anterior,in the latter towardsthe posteriorend of the
ant's body. When thereare threemites,one attaches itselfto the
chin and the two others to the sides of the gaster. Four place
themselvesin pairs on the sides of the head anidgaster. If six are
present,which rarely happenis,four are arranged in pairs on the
sides of the head and gasterwhile of the two remainingindividuals,
one attaches itselfto the chin, the otherto the mid-dorsalsurface
of the gaster. Janet believes that these symmetrical arrangementsare forthe purpose of balancingthe burdenand thus making
it easier for the ant to carry. When attached to the head the mite
obtains its food by drinkingthe regurgitateddropletas it is being
passed to or from the mouthpartsof the host, or it titillates the
ant with its antenniformlegs and induces her to regurgitatefor
its special benefit. The mites attached to the gaster obtain their
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food by strokingother ants in the vicinityor by reachingout and
partaking of the droplets as they pass from one ant to another.
The ants try to rid themselvesof the parasites when they first
attach themselves,but after they have taken up their definitive,
symmetricalpositions,they seem to be toleratedwith indifference.
Most of the species of Antennophorushave been describedfrom
Europe, but I have foundtwo species (donisthorpeiand wasmanni)
rather commonnear the Arnold Arboretumin Boston. They live
in essentially the same manner as the European Antennophori
with our small yellow ants of the genus Lasius and its subgenus
Acanthomyops. All these Lasii are hypogteicand devote themselves to attending snow-whiteplant-lice and mealy-bugson the
roots of our foresttrees,and since the mitesoccur only with these
ants it would seem that they, the plant-lice,the mealy-bugs,the
mites and the foresttrees are all so many membersof a peculiar,
subterraneanassociation,or biocoenose. The plant-liceand mealybugs pump the juices out of the plants and pass on to the soliciting
ants the unassimilatedportionsin the form of honeydew,some of
which the ants regurgitateto the mites that ask them for it by
aping with their long, hairyrforelegsthe anitennarymovementsof
the hungry ants. In other words, the ants serve as cup-bearers,
distributingto one -anotherand to the indolent,sedentaryAntennophori the nectar which the tapster plant-lice and mealy-bugs
keep drawingfromtheirvegetablehosts. Owing to this interesting
biocoenoticarrangementthe workerTasii do not have to come to
the surface of the ground to seek their food. The eyes of the
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FIG. 89

A, Adranes leconteiof NorthAmerica,and B, Clavigertestaceusof Europe,

two guest beetles, with golden yellow trichomes at the tips of their wing-cases

and at the base of the abdomeni.
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workershave thereforebecomeso minute that their visual powers
must have nearly or quite disappeared. Perhaps we can best appreciate the relationsof the ants to the mitesif we fancy ourselves
blind, condemnedto live in dark cellars and continiuallyoccupied
with pasturing and milkingfat, sluggish cows, yielding quantities
of strained honey instead of milk. Then let us suppose that ocea-

FIG. 90

a, A European guest-beetle(Lomneschusa
and b, its larva, which
strumitosa)
live with colonies of the blood-redslave-maker(Foi-mica sanguinea).

FIG. 9I

Xenodusa cava, a North American beetle which breeds in the nests of
Formica duringthe summerand passes the winterin the nests of Camponotus. Note the tuftsof trichomesalong the sides of the abdomen.
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sionally there alighted on our cheeks or backs small creatures
which,by placingthemselves
in positionssymmetrical
to themedian
longitudinalaxis of our bodies,tookgreatcare notto annoyus, and
stretchedforthto us fromtimeto timesmall,softhands,like those
of our friends,beggingfor a little of the honey,should we not
under the circumstancestreat these little Old Men of the Sea
with muchlenityand even with somethingakin to affection?
(4) The behaviorof the myrmecophiles
I have been considering is simpleand transparentcomparedwiththat of the true antguests or symphiles,which are really the elite of all the insects
that live in ant colonies. They compriseseveral hundredspecies
of beetlesbelongingto a numberof natural familiesbut showing
a very singular,convergentagreementin certaincharacters,such
as a deep, oily red color.andpeculiar tuftsof goldenyellowhairs,
or trichomeson various parts of their bodies (Fig. 89). Their
antenneeand mouth-parts,
too, are in manycases peculiarlymodified,the formerfor soliciting,the latterfor receivingregurgitated
food. The trichomessurroundthe openingsof singular glands,
the aromatic,volatilesecretionsof whichflowalong the hairs and
are lickedoffby theants. So inordinately
fondare theants of these
secretionsthat theycherishthe beetles,feed themand carrythem
to safetywhen the nest is disturbedor to new nests when the old
onieshave to be abandoned. The beetlesbreed in the coloniesand
their larvee are often treated with even greater solicitude than
the ant larvae.
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FIG. 92

W'orkerof the blood-redslave-maker,
Formicasanguinea,feedingits guest
beetle,Lomechusa strumnosa.(After H. K. Donisthorpe.)
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Probably the most remarkable of these true guests are the
Lomeschusini,whichhave been studied by Wasmann for morethan
30 years. They belong to the rove-beetles,or Staphylinida,and
compriseonly threegenera: Lomeschusa (Fig. 90) and Atemeles,
peculiar to Europe and NorthernAsia, and Xenodusa (Fig. 91),
known only from the United States and Mexico. The species of
Atemelesand Xenodusa have two hosts,those of the formerliving
during the summer and breeding in Formica colonies but hibernating in colonies of Myrmica, the latter also breeding with
Formica but hibernatingwith our large carpenter ants of the
genus Camponotus. Lomeschusa, on the other hand, has only
one host, Formica sanguinea, with which it lives throughoutthe
year. The adult beetlesof all threegenera look much alike. They
have lonig,mobile antennwe,short wing-cases and a voluminous
abdomen,which can be curled up over the thorax and is provided
on each side above with a segmental series of beautiful golden
trichomes. Atemelesand Xenodusa begvtheir food from the ants
by strokingtheircheekswiththe forefeet. Their larva, are active,
have long legs and employthe same methodas the beetles in persuading the ants to regurgitate. They also devour the defeniseless
Formica larvax. The adult Lomeschusa is more passive in its behavior and uses its anteiinw in soliciting food (Fig. 92). Its
larve (Figy.90b) have veryshortlegs and are unable to run about
but lie among the ant brood. They eat the brood but are also
fed by regurgitation. In all probabilitythey secrete fatty exudates which are greatlyappreciated by the ants. At anlyrate, the
ants seem to preferthe Lomechusa larvweto their own, or perhaps
regard them as unuLsuallypromisingant larvw. In consequence
of this infatuationthe Lomechusa larvweoftenidestroythe greater
part of the brood, so that in sanguinea colonies heavily infested
with the parasites the queen larvae develop abnormally. Either
these larvaeare neglected,or the ants actually endeavorto convert
theminto workers,because theyfeel that this caste is inadequately
representedin the colony. BuLtwhateverbe the treatmentof the
queen larvae, they develop into pathological adults, known 'as
"pseudogynes" (Fig. 81c)-abortive creatures,resemblingworkers in size and in the shape of the head anidgaster,but with a more
voluminous and convex thorax, approaching that of the queen.
They are paler thaanthe normal workersand very lazy, cowardly
and inicompetent.Usually they constitute5 to 7 per cent., less
frequently20 per cent. or more, of the personnel of an infested
sanguinea colony. Their appearance in a nest indicates that the
colony is in a diseased conditionand on the road to extinction,as
the result of LIomechusainfection. Similar pseudogrynes
are also
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produced in the Formica colonies infested with Atemeles and
Xenodusa, but not in the Myrmica and Camponotus colonies in
whichthe beetleshibernate,because theydo not breed among their
winter hosts and can not thereforeinterferewith the normal developmentof their brood.
Such being the effect on the colonies that harbor the
Lomechusini,one naturally inquires why the habit of rearing the
parasites has not long since led to the extinctionof the Formicas.
This question has been partially answeredby Wasmann. He finds
that the ants treat the Lomechusa larva, like theirown, even when
they are ready to pupate. F. sanguinea, like many other ants,
buries its full-grownIarva, in the soil in order that they may spin
theircocoonsand pupate withinthem. Afterpupation the cocoons
are unearthed,cleaned and stacked up in the chambersof the nest.
Now the full-grownLomechusa larvw,also need to be buried in
orderto pupate, thoughtheydo not spinlcocoons,but theymustnot
be unearthed after pupation, like the ant brood, or they perish.
The ants, however,are utterlyignorantof these differentdevelopmental requirementsand thereforeunearth as many of the Lomechusa pupce as they can find. Thus death in the guise of what
mightbe called a regulatoryNemesis overtakesall except the few
pupoe that have been overlookedby the ants, but these few suffice
to insure the survival of the species. More recentlyWasmann has
claimed that sanguinea takes a particular liking to certain pairs
of beetles and eliminatesthe less attractiveindividuals from the
colony. Of course,this would still furthertend to reduce the incidence of parasitismand its banefuleffectson the host.
The behaviorof sangutneaand Lomechusa has seemed to Wasmann so unique and extraordinarythat he has used it on every
occasion as furnishingbrilliant proofs of the absence of intelligence in ants, of the impotenceof natural selection,of the possession by sanguinea of a singular,innate Lomechusa-fostering
inand thereforeof a new type of selection, which he calls
stinilet,
amical selection," and, finally,even of the Divine Wisdom in
maintaining the equilibrium in nature. Being a very accomplished Jesuit he has devoted many hundred pages and much
scholastic casuistry to these "proofs." To the biologist who is
under no compulsion to make his conclusions square with the
philosophyof St. Thomas Aquinas, the behaviorof sanguinea appears in a very differentlight, as a brilliant example of the perversion of appetites. Escherich has compared the infatuationof
the Lomechusa-cherishing
sanguinea with alcoholismin the human
species. It mightalso be compared with a cat's infatuationwith
cat-nip,and the rearingof the Lomechusa larva by the ants would
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seem to be due to the same kind of instinctperversionthat we observe in the birds that rear cuckoos,the occasional cat that rears
a puppy or the hen that adopts kittens. It would seem to be no
more necessary to postulate a special Lomechusa-rearinginstinct
in sangutinea than a special ice-creaminstinctin our children or
a special Havana-cigar instinct in old bachelors.
That the behaviorof saqnguinea towardsLomechusaprovesnothing in regard to intelligence,even when the word is used, as it is
always used by Wasmann, in the scholastic sense, that is, as
equivalentto reason,or ratiocination,has been shownby Hobhouse.
After referringto Wasmann's conclusions,he says: "Difficult
as it is to conceive the psychologicalconditionsunder which such
contrastsare possible,we may still get some help fromthe analogy
of human action. When comparativepsychologiststake occasional
inconsistencyas proving,the utter absence of intelligence (in
animals) they are usilngan argument which would equally disprove the existence of intelligencein man. After all, is an ant
nourishingparasites that destroyits young guilty of a greaterabsurditythan,say, a motherpromotingher daughter's happiness by
selling her to a rich husband, or an inquisitorburning a heretic
in the name of Christian charity,or an Emperor forbiddinghis
troops to give quarter in the name of civilization? The mother
really desires her daughter's happiness, but her conceptionof the
means thereto is confused, and rendered self-contradictory
by
worldlyambitions. The inquisitor'sconceptionof Christiancharity
is similarlycorruptedby the subtle corporateegoism of a Church
and the cruel pedantry of bad theology. Even the Emperor has
some conceptionof civilization,but it is the civilizationof militarism. In all cases thereimpingeon the avowed plan of action conflictingimpulses of a kind not to stop the course of action, but to
mergein it and distortit."
Hobhouse also commentstrenchantlyon Wasmann's conception of the maneuversof the Divine Wisdom in maintainingthe
equilibriumof parasite and host,but I will pass over this matter,
beeause it involves a considerationof the problemof evil and belongs to the philosopherand the theologian. The cases of social
parasitism consideredin the firstpart of this lecture and the behavior of satnguinea and Lomechusa suggest a few concludingremarks on a matterthat is often overlooked. It is evident that a
parasitic species is more seriouslyaffectedand at a much greater
disadvantage than a host species, notwithstandingthe sufferingor
death that may be inflictedon individual host colonies. Without
exception,the hostsof all the knownsocial parasites and Lomechusini are very common,prolific,widely distributedand therefore
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very plastic or adaptable ant, and the instanicesof infectionof
these hosts are local or sporadic. This is even the case with
Formica fusca, which occu-lrs
practically over the whole northern
hemisphereand is infested by an extraordinaryseries of social
parasites. It is enslaved by F. sanfguinea and Polyergus rutfescens
and serves as the temporaryhost of maniyparasitic Formicas, including rufa, truncicola,dakotensis,exsecta, exsectoides,etc. We
may conclude, therefore,that fusca anid the other hosts of parasitic ants and Lomechusinihave developed more or less resistance
or even a certain local imnmunity
to the inroads of the parasites,
and that the parasites even when successful exploit merely that
margin of super-abundantvitality and fecunditywhich every
healthy organic species possesses. Hence the occasional destruction of colonies by the parasites does not seriously endanger the
life of the host species. If this were the case the hosts would be
scarce or would have disappeared long ago. The same considerations probablyapply to the human species,for it would seem that
only man's world-widedistribution,great fecundityand wonderful adaptability have enabled him to survive all the terribleexploitationsto which he has been subjected.

Vol. XVI.-3.
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