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A. Introduction

Parasitism is a common conditlion throughout the en-
tire animal and plant kingdoms. For instance, the Conopidae,
a family belonging to the Diptera, are known to be parasitic
in the bodies of adult bees, wasps and ants. In ordinary
pérasitism the parasite belongs to a species which is not
closely related to the host specles.

Social parasitism, on the other hand, occurs only in
connection with species which are closely related. It re-
presents the parasitism of members of one species by mem-
bers of the same or a closely related species, and may be
either temporary or permanent.

In this thesis, the writer wishes to give a rather de-
téiled resumé of what is known concerning social parasitism
in insects and birds. We shali see how the social parasites
of these very different orders possess the common habit of
avolding the task of raising their young by depositing their

eggs in the nests of related speciles, which rear the para-

sitic brood.




2.

B. Social Parasitism Among Insects

As regards the insects, social parasitism apparently oc-
curs‘oniy in the Social Hymenoptera, 1l.o. the énts, wasps, and
bees, and evén here only in connection with certain species.

Among the ants, social parasitism may be divided 1nto
three forms: temporary social parasitism, permanent social
paresitism and dulosis.

In the case of temporary social parasitism the queen : -
seeks and obtains adoption in a small colony of another spe-
ciles and permits the alien workers to bring ﬁp her brood.

In many instances she seeks a queenless colomy but some times
the host queen is present, in which casé she must be destroy-
ed, Her presence would afford a continual production of her
own young such that her workers would neglect the progény of
the alien queen. Since the queen ant is really the repro-
ductive organ of the colony, the elimination of thé host
queen may be sald to castrate the colony, for its sterile
workers are compelled to nurture the broods produced by the
fertile paraéitic member of the nest., The workers gradually
die off and the parasitic queen and her offspring are left
in possession of the nest, which is then a pure colony cap-
able of independent growth and development. Furthermore, the
nest exhibits not the slightest trace of anything that would
indicate its parasitic origin.

Some of the most remarkable temporary social parasites

are members of the genus Formica. Wheeler (1913) divides
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the genus into two groups according to the size of the fe~-
males 1In relation to the size of the workers: . the micro-
gynous Formicae, and the macrogynous Formicae. Although

both of theseAgroups are_widely distributed and extremely
common in certain localities, no one has ever seen one of

the females establishing a colony independently. Some of

the species, however, enlarge their colonies by the adoption
of queens of the same.species or even of different subspecies.

The microgynous Formicae embrace Formlca rufa and its

allies and are most abundantly represented in North America.
In this group the females are a little larger, or sometimes

even smaller, than the workers. F. difficllis and its var-

iety consocians possess females that are as small as the

large workers and, like other members of the rufa group,

-consocians is very pugnacious.

Consocians gqueens have been found associated with work-

ers of Formice incerta, a rather cowardly ant whose workers

are about the same size as the consocians queen. Wheeler

(1913) infers:< that these colonies must owe thelr origin

to the adoption of consocians queens by incerta workers. He

performed numerous experiments which left no doubt concerning
the correctness of this: inference. The following is an
account of one of these experiments: "July 21, 4.30 P.M., en

artificiallildealated consocians female was placed in a nest




with twenty incerta workers and several worker cocoons taken
from one of the most vigorous colonies found during the
entire summer. The workers were unusually large and more

like the workers of pure schaufussi, but with the coloration

and pllosity of incerta. The female seemed discinclined to
approach the wofkers, which were brooding over their cocoons,
but she moved towards them when the illumination of the
chamber was fevérsed. She was at once seized by a worker

and showered with formic acid.  She escaped to a corner of
the nest. By 6.15 P.M. she had rgturned, mounted the pile

of cocoons and was licking the workers, who were submitting
to this tfeatment as if it were a matter of course. A few.
moments later she fed one of the workers and then kept alter-
nating bétween feeding and caressing them with comical rapid-
ity and perseverance. The coloﬁy was watched till 7.45 P.M.,
but no hostilities were seen. July 22, 7 AM.: The previous
night had been cold and the female seemed to have passed it
hanging from the roof pane in a corner of the nest. Latef,
as it grew warmer, she returned to the Incerta and their
brood, caressed and fed the workers and took food from their
lips. Only once during the day was a worker seen to tug for
a few moments at one of her antennae. On the four following
days (July 23 to 26:) no hostillties were observed. The

consocians female had been definitively adopted."
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The slze and structure of the parasitic females are
particularly significant. They are yellow and about the
same size as the incerta workers which are reddish-yellow.
The tiny queen gains the favor of the ihcerta workers.by
her mimetic resemblance to them and by such conciliatory ac-
tions as licking and feeding. Once adopted, she lays her
eggs and the larvae that hatch from them are reared by the

incerta workers. Since the parasitic queen instinctivelys

seeks out colonies which have no quéen, or if she does enter

a colony with a queen she becomes responsible for her host's

elimination,she becomes the sole reproductive orgen of the

nest. In this way her workers are continually pfoduced-and
the incerta gradually diec6f old age until the colony be-

comes pure and independent.

Other North American Formicae.of the rufa group are:

. rasilis, 1mpexa,‘nepticu1a,’nevadensis, microgyna and dako-

tensis. All of these are known to héve tiny females as small

or even smalierrthan those of consoclans, and to display

habits similartto cthose of consocians. The diminutive size

of the females is probably the result of the elimination of
the neééssity of nourishing their young with substances
prepared from their own tissues. This, in turn; becomes a -
saving to their perental colonyj for it is able to rear a

much greater number of queens on & given amount of food than




can a colony rearing macrogynous females.
The macrogynous Formicae also include F. rufa and its
allies. The typical European rufa with 1ts subspecies, pra-

tensis and truncicola, and the American subspeciés obscurl-

ventris, obscuripes, and integra, with several varieties,and

the species ciliata, crinita, comata, oreas and specularis

are members of this sociadlly perasitic group. The fertiliz-

ed.females of these groups force different races and var-

jeties of Serviformica fusca to adopt them. .

The Formicae of the exsecta group are charactefized by
having the head of the worker and female deeply excised be-
hind. In Europe this group is represented by the typical

Formica exsecta, its subspecies pressilabris and suecica,.

and in North America by F. exsectoides, its subspecies opaci-

ventris and F. ulkei. Formica exsectoldes is our ¢ ommon

mound-building ant, and is a successful temporary social

parasite on F. fusca variety subsericea.-

The Myrmicine ants, Aphaenogaster tennesseensis and
probably A. Mariae, found their colonies with the aid of

Aphaenogaster picea snd rudis, varieties of fulva, one of

most common ents in the Northern States._‘Ihere=13»little~A
doubt that the queens 'seekcout the nests of fulva and start

their colonies in. them as does consocians in the nests of

incePta. The fact that tennesseensis occurs only in local-

ities where some form of fulva 1s abundant tends to bear .




this out. Moreover, like consécians, the parasitic Aphaeno-

gaster produce great numbers of small females whereas the
non-parééitic Aphacnogaster are kept busy bringing up a few
of their large queens; These ants have an interesting habit
of migrating into old logs and stumps after the host workers
have become extingt, and thére, let the colony attain its -
full development.

Other colonles of temporary social parasites are compos-

ed of two species of Dolichoderine ants. Bothriomyrmex

ﬁeridiohalis and Tapinoma erraticum colonles have been found

on the Borromean Islands and colonies of B. atlantis and T.

nigerrimum have been observed in the Tunisian desert. In all

cases the method of adoption and elimination of the female
was the same. The Bothriom&rmex queen, after descending
from her nuptial flight, wanders about on the ground until she

is seized by the Tapinoma workers and dragged by her antennae

_and legs into the nest. Once in the nest she may_be attacked

from time to time by the workers, but she hides behind the
brood or takes refuge on the back of the Tapinoms queen.
Moreover, she purposely seeks out the queen, climbs on to her
back, fixes her mandibles firmly into her neck, between the
head and the pronotum, and thus decapitates her.'.By'the.time
the Bothriomyrmex queen has accomplished the ‘decapitation of
her host she has acquired the nest odor and is adopted by the

Tapinéma workers. She is now sole queen of the nest and lays




eggs which are reared by the Tapinoma'workers. .This continues
until these workers die of old age and  then the nest becomes
a pure}colony of Bothriqmyrmex.‘”

There is convincing evidence that all of the sub-ganus

Oxygyne ,‘including emmae, ebenina, soror, travancorensis,

dalyi, asberrans, ranavolonae, agnetic, daisyi, marthae, and -

depressa froy Madagascar, India and the Malkyan region, are
temporary parasites. Actual proof 1s.1abk1ng_but various
structural peculiarities:of the Oxygyne queens pbint to this
habit of parasitism. For inétance,.the curved and pointed
mandibles, which are present in the queens but lacking in the
workers, ‘are comparable to those of the amazon ants and point
to a method of assassinating the host queen similar to that
employed by the Bothriomyrmez?eaibreover the queens are .
unusually small,but the gaster of the aged female becomes
enormously enlérged and subspherical like that of the mother
queens of the permanently parasitic Anergates. -

There are more than a dozen genera of ants from various
parts of the world which are kndﬁné?pgimanent social parasites
These ants live in the nests'qf other species after the host
queens have been assassinated by their own workers. ‘Moreeﬁ
over, they differ from other groups:of social ant parasites-

in lacking a worker caste. In this respect they resemble  the

social parasites of the wasps and bees. The more common
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permanent ant parasites are: Wheeleriella santchii, Symphei-

dole’elecebra, Epipheidole inquilina, Epoicus pergandei, and

Anefgatés atratulus.

The fertillized queen:s of Wheeleriella santchii, which

live@?n_the nests of the common North African Monomorium
salomonis, runs around on the ground until she finds a colony
of the host specles. She runs as quickly as‘ﬁossible to be
able to make the nearest approach to the nest before the in--
habitants come out and "arrest® her. She is generally "arws
rested* near the entrance of the nest and then taken by the
legs and dragged into the nest. While this harsh treatment
is going on, the W. santchii Queen caresses the Monomorium
workers .. Oncé inside she wanders around the galleriles un~
molésted and finally»the workers begin to feed her and finally
adopt her. She pays no attention to thé Monomorium queen -
which 1is later killed by her own workers.

.. Anergates atratulﬁs i3 the most speclalized ofiithe;

social ant parasites. It is found in eVery part of central
and southern Europe, but its coloniés'arefrare and very far

apart., Its host 1s Tetramorium cespitum. Whenever these

colonies are found, only the fertile 4nergates:rguéen, adult
females and maies, and some adult Tetramorium workers are in
evidence. This queen mother of the colony is only a livings

bﬁary or egg-laying machine. Her gaster has become so
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swdllen, because of the enlargement of the ovarles, as to
cause the abdominai_segménts~to show as small black islands
on a dull white background. This condition is brought about
after the entrance into the Tetramorium nest. ,
vTKaeAnﬁﬁgatesrmales are large grayish-yellowrants without
wings. The virgiﬁ females aré very small and black, and -
mich more lively than the males. In fact, due to the aﬁterous
and sluggish condition of the male, ﬁating'takes:place 1h the
nest among the offspring of the same mother; a condition which

Forel(1930) éalls "adelphogamy." Both the male end female

parasites are fed by the hosts; for they‘are quite unable to
feed themselves. The males, however, are given much more

attention than the females, and are often carried about and

licked constantly..

‘Severalvéxperiménts have been performed to ascertain -

the method whereby the”Anergates female  becomes associated

with Tetramorium. It was found that in experimental nests,
under unnatural conditions,the Anergates female was almost
always amicably reoeived.. By introducing the queens into
nests of Tetramorium in the field, varied results were ob-
tained.' In all cases, however, the behavior of the queens
was‘very uniform. Théy sought out 'the nests of the host
species as 1f-they‘belonged‘to them, and if they were roughly
handled they rolled up and feigned death. The responsé of the
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_Petramorium to the intrusion of the Anergates queens, as Has
ed out,

'bGEn poidt/varied.' As a rule, they treated the females with

great 1eniency and in some cases, carried them into the nests.

The males, on the other hand, were rejected. It would seem

‘that the acceptance of -the parasites'by"Tetramorium, under

natural conditions, 1is not as immediate as under conditions
in the artificiai nests. The fact that Anergates s so rare
shows that permanent adoptlion 1s not easily brought about.]if‘
the enoréous number of females produced in these scattered
colonies in régiona inhablted by-innumerable Te tramorium

colonies were easily adopted, T. cespitum would become rare

'1f not extinet.

Anergates, the most speciallzed of all the permanent
social parasites ié thought to bé a very degenerate dulotiec
ant as 1s suggested by the dwindling of the worker caste in
Strongylognathus testaceus. Another theory is that they

have arisen from the temporary social ant parasites. However,

owing to their excessive specialiigtion-énd loss of their
worker caste, there 1is nothing in their structure to defin-
itely determine whether they have arisen from temporarily

parasitic or dulotic species.
In this connectlon Whedler (1928) has the following to
.say£ '“The permanent parasites which have lost their worker

caste are therefore really solitary insects and may be
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regarded as symphiles. The enormous disparity'between thei
abuﬁdance of parasites and that of thelr host, shows clearly
that phe former cannot owe their peculiarities to amical sel-
ection on the part of the latter, and the fact that the para-
sites'éctually castrate or 1ead>tot%heﬁcastrationbéfgmhe col=-
onies which they infest and never undertake the fearing of the
male offspring of host workers, proves there can be no here- -
ditory basis for the devélopment of symbhilic'instincts on the
part of the host species. As in the case of the myrmecophiles,
the peculiar adaptions, both structural and behavioristic, to
particular’hosts, are therefore initlated and deviloped-entire-
ly by the social parasites themselves and there is nothing to
indicate that these adaptions requiring fundamentally different
bi&logiéal explanations from those which have hbeen advanced for
countless cases of parasitism among solitary insects, other
animals, or plants.” |

Another form of sbeial ant parasitism is lmown as dulosis
or slavery. The alliances between parasite and host are
more permanently symbiotic than are those of the temporary
parasites which are more or iess transitory since they are .
formed as a means of establishing bolonieS;whibh later be-
come independent. Coloniles formed by duloéis, with one or two
exceptions, are the result of the adoption of the larvae and

pupae of particular alien species after raids on thelir form-
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icarles. Like the temporary social parasites, with the ex-
ceptlion of Oxgyne, the slave-making ants are confined to the
north temperate regions and extend'far up’intq thé boreal
and alpine régions. Wheeler»llgls)'suggests that it is not
improbable that the development of the slave-making habit
is connected 1n some way with‘the long,wintefs, short summers,
and small amount of food in the subarctic belt.” n
All of the slave-makers occur in four genefa; two
genera of the Formicinae, Formica and Polyergus, and two’
genefa of the Myrmicinae, Strongylognathus and Harpagoxenus.
These groups represent three phylogenetic stages in the pheno-

menon of dulosis: first, the primitive stage in Foﬁm&cg;s,

'secondly, the culminating stage in Polyergus, and the degen-

erate stage in Strongylognathus. The hablts of Harpagoxehus
ére little known but they are included in the last stage.
 The typical species of the genus Formica, E.‘sangginea,
the sanguinaryfof blood-red slave-meker, which 1s common ti
throughout tempefﬁfe Europe ahd notthern Asia. This species,

es well as the Ameriéan senguinea,can readily be distingulshed

" from the other specieb"gf the genus by the pronounced notch

im the clypeus so that the worker end queen look as if they -
were hare-lipped. ~M6reover, F. sangulnea 1s.no€aan1¢bligatory
slave-meker for it is able to excavate & nest, secure its

own food, and bring up its young without the aid of slaves.

R
PR )
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Even when the slaves are present the sanguinea workers do
most of the work of the colonies. In fact, there is nothing
" to Show that the slaves contribute anything more to the
activities of the colony than would be carried out by the -
small sanguinea workers. The normal slaves of F. sanguinea

are members of the fusca group, namely:_glebaria, rubescens,

gagates, rufibarbis and cinerea, and occasionally members of

the EEEE group ére enslaved. It has been observed that the
youngest colonies have the greatest number of slaves, while
the old colonies may contain very few slaves, or, perhaps,
none at gll. Tn this respect the colonles bear some resemb-
lence to those of the temporary parasites.

The élave—making expeditions take place in July and
'August after the marriage flight of the slave specles. These
éxpeditions, it mast be remembered, are not of regular
occurrence, but are limited to two or three'a*year. They
generally begin in the morning from nine to eleven o'clock
and last until mid-day, or even later. ﬂhtg-leéve the nest
in troops and each troop when at a certain distance from the
' nest sends back emissaries to phe nest tb‘call out more work-
ers. They take the most direct route possible but sémetimes
they are forced to turn asidé tecause of some okstacle in
their path. They proceed slowly and hesitate cdntinually.

At the very head of the coiumn there is no one 1eader but




merely an ever-changing group of workers. In ordef to ex-
plain their direct advance to the nest of the slave species

we must presuppose & high dévelopment of memory in those =

soouts which singly must have acquired the knowledge of the

nest in sufficiently large numbers over a psrilod of weeks
to control the movements of the marching columm. Furthermores,

we must presupposé some form of communication to explain the

~common attack of only one nest out of many lying in different

directions from the sanguinea nest.

' No one has observed the sanguinea queen establishing
her colbny,‘but 1t is thought that these colonies of the
facultative slave-makers arise either from adoption by some
colony of the slave specles, or that the sanguinea queen
brings up, unaided, her own brood which can, by dulosis,
continue to maintein the mixed characteér of the colony.
Wheeler (1906), after experimenting in this connection,
arrived at the conclusion that queens of the slave specles are
not allowed to live in the dulotic colonies of the sanguinea
type. These colonies, in thils way, resemble those of the
temporary and permanent social ant paraslites.:

. We come now to the consideration of the- amazons or ob-
11gator¥w§1ave-makers.v These ants bel?ng to ‘the genus Poly-

ergus, Whose distribution parallels that of Formica sanguinesa.

It has only one representgtivé in Europe (P. rufescens)

DS AR
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whereas in North America there are at least four subspecies

and a few undescribed varieties. These subspecles are: P.

‘breviceps, ranging from the Rocky Mountaihs eastward to

Illinois and Kansas; mexicanus in Mexico; bicolor, known

. only from Wisconsin and Illinois; and lucidus, ranging from

the seaboard north of the Carolinas, to the eastern slopes- -
of the Rocky Mountains,.
| The amazons, in spite of the long hours they pass in
stolid idleness within the nest, display remarkable speed and
untiring energy. Polyergus has been known to attack its
enemies despite the fact'tﬁaﬂ it was outnumbered, and to
allow itself to be beheaded without retreating. It is saild
that no Polyergus ever runs away. The sickle-shaped man-.
éibles, which are admirably adapted for piercing the enemy's.
afmor, prevent the amazons from clinging to thé legs of their
adversariéS'sotthat the& always fiéht face to face.. |
on 1ts slave raids

Polyergus usually sets out/in the afternoon, somewhere
between two and five o'clock. By seven the troop has always
beturnéd.v As a rule, it consists of the méjority of the
amazons of the formicary. Just before the departure of the
armj an increasing number of ants may be seen walling about
on their nest which they do not do in the morning.‘~Shortly

afterwards, the workers rush back into the nest, give the

signél of departure by striking thelr companions' heads, -and
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they start out. ‘Usually the guldance 1is left to thelscouts
which have been out since spring exploring potential slave
specles! nests. Once on their way they usually make straight
for the colony to be plundered, but ocecasionally thej lose
thelr way and have to retrace their steps and start off in a
different direction. They move forward.ih a‘compact mess at a
high rate of speed. In fact, according to Forel (1930) if mén
were to move at such a pace, Increased proportionally to his
size, he would be walking as fast as a railway train of aver-
age speed travels{

The armies of Polyergus show a more perfected tactical
orgénization, and the subjugation and plundering of slave
¢olonies are effected with much greater dispatch and precis-
ionthan those of the facultative slave-makers. 1In fact, they
cause thesmilitaristic efforts of the sangulnary ants to
appear clumsy and amatsurish. The amazons, theréfore, re- |
present a more specialized and perfected stage of the dulotic
habit. |

At the approach of this formidable army the workers of
the slave species usually flee in dismay. Some, however,
offer resistance and arg~prompt1y plerced in the head by the
sickle=-shaped mandibles of the amazon worker. The Polyergus
army then entefs.the nest without delay, picks up the brood

and starts a somewhat slower journey homeward. Somethres-
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it does not enter the nest but merely drops its plunder at the
nest opening where it is cared for by the slaveé. The ybungvf
emerging from this kidnapped brood excavate the nest, feed
the Polyergus and .bfing up their brood, but never accompany
the armies on their raids. '

Because of the absence of'domestié 1nstincts,‘the amazons
have been thought to be unable to eéfablish colonies without
the aid of slave workers. NumerOus’experiments have support-
ed the theory that Polyergus can be easily adopted in Formica
nests., In fact, & Fi:fusca queen received a&ngfufescens
queen amicably and failed to attack her asjﬁid the workers.
They 1ived together for several weeks until one morning the -
égggg female was found dead. Apparently, the rufescens
female, which had been adopted by the célony had pierced her
head with her mandibles. " C

Wheeler (1913), hoﬁever, got rather conflicting resu1ts

in experiments

/itth our Americean smazons. When her introduced artificially
dealated queens into nests containing incerta workers with
their brood, the queens behaved like sanguinea under similar
conditions. They killed the alien workers, but paid abso-
lutely no attention to the brood. 1In other cases they were =
more passive and conciliatory, but equally indifferent to the
ince;té cocoons. ‘As a resuly, Wheeler explains:that "it will
be necessary, therefore to study this question further before

making definite statements In regard to the method employed




by our American amazons in establishing colonles. .But even
if the method of rufescens should be found to obtain also

in our subspecies, we should not be justified in deriving it

from that of the temporary social parasites, for we might con~

ceive it to have arisen secondarily by involution or degener-

ation from that employed by sanguinea."
" The dulotic instincts have reached théir culmination in

development in Polyergus. At the same time, however, this ' .-

ant is a social pérasite on its host, the slaves. Moreover,

it ébgunds in degenerate tendencies whichiin‘the-further cour=-

se of evolution are expected to become supreme so as to over-
whelm and replace the predetory instimcts., Tiix
Thi& brings us to the degenerate slave-makers. which are

ail'Myrmicinae, and, therefore, cannot be said to have arisen

from sanguinea and Polyergus which are members of the Gampo-::

notine subfamily. However, these ants resemble the host

species so closely that it is supposed that they have been .

derived from them. This supposition is open to doubt since :

the resemblance may be due to mimicry rather than to a true.-
mprphologicai relationship. The;degeneraté”slave;makers in-
clude two genera, Strongjgognathu&s~andiHafpégbxenus,fwhich

resemble Polyergus'in some respects, but unlike Polyergus.

allow the queens of the host species to survive and reproduce ..

in the colonies.
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Strongg}ognathus alpinus, an Alpine species of these -

degenerate slave-makers, is particularly interesting. These
ants are likely to make spontaneous slave raids which take
placevonly at night. The slaves accompany their masters on
theserforays‘and togsther they form narrow, unbroken files
which tend te connect the homeénest with the formicary to be
'raided, Once the pillaging begins, the a¥Ypinus prove to be

1ess‘form1dab1e,than their slaves, Tetramoriumscespitum, which

do all the fighting. Apparently the slaves are»really the
masters in this case, and the Strongylognathus are taken.éierg
ﬁerély,to’disconcert or terrify the cespltum colonies whese'r
brood they are bent on kidnapping.

While the slaves are fighting,the S. alpinus econcern
themselves malnly with the intimidation of the callows, but at
the end they leave thls to the slaves. Forel (1930) gives the
following interesting description,of one of these battles: .
"The fighting tacticsnof ﬁhe alpinus were extremely comical. -
They prudently grasped hold of their enemies from behind, pre-
farably by the thorax. Without doing them any serious harm,
M.theyvobtained mastery over them by a notable tactic. The T.-
cespitum seized in this way would fold up‘its 1egs and the -
abdemens”pf the two ants would;begin to tremble. violently, es-
peciallyrthat of the_fetramorium,lbfhe alpinus soon relaxed he:

hold and went away, as though overcome:withiidtsgustsfop ther=
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cespitum, and also as though she had no other meens of over-
awing this éreature, which was at least as strong as herself.,"
This curious fighting method of S. alpinus, which consists ’
solely of intimidation, may facilitate thelr final alliance
with the T. cespitum which they defeat. After the battle is
over the slaves carry home the brood of their own species. -
The genus Harpagoxenus embraces‘two ¥nown species, which
are rare local ants closely allied to Leptothorax, the genus

to which their hosts belong. One specles, Harpagoxenus sube

i1s more or less confined to boreal Europe but has been

found near Dresden where it lives in the nests of Leptothorax
acervorum and muscorum, and occasionadly L. tuberum. Thé~‘
slave-raiding expeditions and the return homeward have never
been observed but it is thought that”tﬂey"mwial colonies, as
Polyergus does, and not &o content 1tself with the brood of
the ergatoid females. These ergatoid-females‘form the prine-
éipal sex in these colonies and it is they who found new nests
by atfacklng L. acervorum or muscorum‘colonies alone or with
the aid of companions. They drive out all the inhabitants and
annex their nymphs of all seXes; which they rear as slaves.
Often théy cut off the wings of the males and possibly mate
with them. Moreover, they often cut off the wings of virgin
Leptothorax‘females as soon as they are hatched in order to -

make them slaves also.
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.}The phenomenon of slavery may 59 said to resolve iﬁself
into a form of sdécial parasitism in which the slaves are )
really the hosts.  "These aulotickants,” says Wheeler (1905),
"differ from the temporary and permenent parasites notoodly -
in the pecullarity of the worker instincts but alsd as re-
presenting parasites with a synthetic host. In other‘words,
when they hatch the larvae and pupae frﬁm different nests of

one or more varieties of Formica fusca or schaufussi, they are

éctually constructing a unitary colony out of the fragments of
several colonies of the host specles. This‘peculiarity, as I
have shown, arises: from the inheritance of female instincts
which the worker slave-makers share with this caste in many

other Formicidae.

If this 1nterpretation of the dulotic instincts is correct

we must admit that @ulosis has grown out of temporary socilal
parasitism and tends to form a permanent social paragitism .
through such a series as>représented successively by‘Polyefgus
Strongylognathﬁs and Anergates. This interpretation is, in
part, at variance with;that of earlier authors<who;supposed
that dulosis had grown out of abnormal mixed‘colonies.

.. Unlike the ants, comparasively little 1s known concern-
ing the sociag parasites among the wasps. We know of only

two parasitic §peciesVespula adulterine. (=%Vespa arctica) and

Vespuld austriaca.

.

1




" " The rare wasp, Vespula adulterina, has been found as a

social parasite in nests of Vespula arenaria (Z diabolica),

the common yellow-jacket. Like V. austriaca, it lacks a
worker caste which suggests that 1t is parasitic. Moreover,

no other species ofoVespula shows this lack of the worker:

caste except these two: Vespula austriaca and V. adulterina

V. adulterina belongs to the Canadian and Upper Trahsit-

ion zones and instances of 1ts appearance have been recorded_

in Connecticut and, more rarely, in eastern Massachusetts in

the Forest Hills region. It is here that Wheeler and Taylor-

(1921) made their observations thét confirm the contention

of Fletcher that adulterina is a social paraSifes»~~

A nest of arenaria (= diabolica) was taken whiéh con-
tained about 62 workers of arenaria, & queen of the same spe-

‘cies and a gqueen of adulterina. The upper and older comb -

contalned thé-eggs of 'young larvae in diverse stages. of deve-
lopment. Apparently the brood in this comb represented
workers of arenaria. -

The lower comb had a circle of 20 pupae of arenaria on .-
ons half its area, while the center . of the other half waé';:
occupied by.a clearly defined ciustar of 11l extremely elong--
ate cells, each of which containéd»remarkably"1argéilarva%"
The‘remaining cells were small and short, containing eggs and

very young larvae. Nearly all of the brood except the large
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larvae, beldonged to adulterina. It was evident from their
size that they were carefully nuﬁtured:and their’developmént
favored by the arenaria workers. |

"The two queens, which were of ‘the same éiée,“showed‘that

their wings had been mutilated. The apical halves of both

‘wings of adulterina on the right side had been destroyed or-

bitten off. Wheelersand Taylor (1921) suggest that: "As
both queens were still fresh when found in the nest on:the

hanl

morning of July 8 (the diabolica'[? arenarig}; when stimulated

st111 moved her tarsi) we may infer that both were living to-
gether in the nest though: probably not on the best ﬁerms; that
the arctica [? adulteriné} queen probably entered the nest -

just as the workers were beginning to build the-secoﬂd comb
and oviposited in 11 of its cells, and that the resulting
1afvae were being actively fed by the diabollca workers, be=-
ceuse the parasites!' wings were too much mutilated to permit -

her to leave the nest and forage." -

Vespula adulterina is defin@tely_a permanent social para-i|

site in the nest of V. arenaria. Furthermore, it is probable.

that -the over-wintering.queen:of;adulterina appears late in

spring when the nests of the host specles are well enough es--

tablishéd‘to contain workers to nurse her brood which consist

mostly of males and fertile females.“aIn:some.ca393=the'adul-'

terina queen'isvfouna 1iving side by side with‘the‘arenaria g
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‘which ranges over the entire Holarctic region where it shows:

queen, - At other times the host queen 1is not found. What-be-‘
comes of her in cases of this sortﬁ1s:still;gimat§er:of con-
Jecture. tt is possible, Rowever, that she voluntarily de-
serts the nest when the parasitic queen enters. She may even
be killed by the parasitic queen or her own~workers; e

The only other known parasitic wasp 1s Veépula austriaca,

a marked preference for higher altitudes up to 5,5000feet. It

has been found as an inquiline in the nests of Vespula german-

ica, but shows a decided preference for V. rufa, to which it:
bears a remarkably close_resemblénce, In America it is found

in nests of V. consobrina which is probab1y the American. race

- A close kinshilp between austriaca and rufa-is certain,

for even the characters which distinguish one from the other .

tend to show a variation toward the other. If 1is probable that

they have diverged from common stock in compsratively recent

times, ahdithat V. sustriaca represents the ancestral stock

of V. rufa, which shows a greater tendency to vary.

.=H*A‘smé11; paper-covered nest, suspended from grass roots
and‘almoét on the surface of the ground was taken and care-t
fully described by Carpenter and Pack-Beresford'(lQOS). The} 
comb'had two layers. The upper layer consisted of 16 to 18
ceﬁtral-cells, all of which Were empty. ~Around these were GQ

to 70ncapped cells and outside ofthese there was another belt

¢
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rufa y but withfthe face. yellow, except for a small central -

of cells. The cells in this belt were for the most part empty
but a few were capped and later produced austriaca drones.

The lower layer of the comb was composed entirely of
large cells, with the exception of an outside belt of about
four cells deep, which contained larvae. Sohe of the .cells in
this area, moreover, were not finished. Next to thesé: there
was a ring of celis which_contained 25 capped cells. Most of
these capped cells contained queens. ' In the center‘of‘the ;
comb were 18 empty cells.

The comb and 1ts contents, together with several escaped
austriaca males, one rufa male, five rufa workers’, and an old
austriaca queen with frayed wings ‘and nearly hairless‘boayif
were puﬁ into an insect cage. 'The wasps were then Supplied Wil
with honey and carefully watched. Of the results Carpenter
and Pack-Beresford (1903) write: "During the next week Qr‘so”{
queens 'and drones of the sustriaca occasionally emerged from
the° capped cells, but on August 16thca droﬁe emerged from one

of the large cells in the lower comb, undoubtedly referable to

black- dash ~and with yellow ‘spots. ‘on the scape of the antennae%
In the -course of the next day or two another: rufa male, very " 4
similar but with three small black dashes on the face exactly
like those that characterize the austriaca queen, appeared and |
also a male, which was a typical rufa.” On August 18th, tonour

great surprise, an apparently typlcal Dufa emerged from the
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~ the Psithyrus from<oonveying,food as well as:disqualifying her

layer of cOombeseocss”
From this study one can see that the structure and mark-

ings of V. rufa and V. austriaca demonstrate~a‘very close rel=|

-ationship between the two. Moreover, Carpenter and Pack-Beres

-ford'infer;that the o0ld, hairless austriaca queen was the -
foﬁnder;of the nest and that both the austriaca and rufa forms
were ﬁer offspring; Wheeler»andjTaylor‘(1921),in this con=- :
nection, state that "the evidence with which they (Carpenter
and.Pack-Beresford) support this inference seems to us to be
very 1nconclusive;A It 1is indeedgsurprising that such acec- -
omplished entomologists should have falled to take account of
the habits of other‘pa:asitic~Aculeata such as Psithyrus and-
the workerless ants which are all so much better khown than
the wasoslthey were atudying.

Robson7(1898) ,many years earlier suggests that thégpara-
sitic habit 1n V. dustriaca will probably be found to be - .
correlated with some modification of structure. For example
Psithyrus, which he calls "a modified and degenerate Bombus'}"
possesses no corbicula the apparatus conveying the bee bread

hor the wax plate extractors or nippers; This loss prevents-

for bullding cells. Consequently; Psithyrus is unable to rear

her own young so she forces that occupation on the true: Bombus.

In such a manner the Vespula‘austriaca queen may lack sct




some structure which would not enable her to build;her nest =
and live a normal life. At the same time Robson suggests‘

that there may be some deterioration of the salivary glandS'
which secrete saliva. This saliva i3 of primary importance,
in nest-building for without it paper-making is not possible.
Therefore without a nest the rearing o! the brood is imp-

ossible so the task 1is thrust upon other members of the group

namely, Vespula rufa. In this connection Robson has the

following to say,"Hence the parasitism of this wasp aust-

riaca upon Vespa (: Vespula rufa from whom one need scarcely

question she has descended and from whom she will probably
be gradually differentiated more and more as a result of this
different mode of life, is unavoidable. In her we have an
example of a comparatively recent and modern differentiation:l
or ewolution of a species and genus a genus so far as I am
aware, yet to be named and rightly founded on this difference
in habit and constitution." |

It is interesting to note that Ganpenter and Pack-Beres-
ford (1903) believe, to the contrary, that V. austriaca is the
ancestral stock of rufa or that the inquiline is the ancestor
the industrious ones. Saunders (1905) expresses\the hope .
“that the inquiline bees might some day prove to be the ances-~
tofs of the industrious ones,“ but he addsi “There afe so .

many points apparently distinctly in opposition to such a

9
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theory, that I have never been able to see how it waild work

out." The great majority &f writers, however, believe that

gustriaca bears the same relation to rufa as Psithyrus to

Bombus: one of direct evolution from the host species.

In any case, both austriaca and adulterina were at one

time non-pafasitic like their hosts, but now their brdods are‘
rearea by‘the workers of thg species which nurture them as
their own. As»a result of such care, the parasitic stock has
lost its worker caste and is represented only by males and °
fertile females. They have reverted, therefore, from a state
of social indépendence with distinct female castes to the
status of the solitary insects which also have a single type
of-femalé. |
Among the bees, social parasitism 1s known to occur ihn at

least two subfamilies,vthe Halictinae and the Bombinae. Vari-

ous species of the Halictinae are victimized by certain spec-

" {es of the closely related genus Sphecodes.

The old Halictus female, as well as her daughters, vo-
lently resists the intrusion of the Sphecodes queen. Ferton:

(cf. Wheeler 1928) gives the following description of the

encounter between a Sphecodes subquadratus and the"guard" at

the{nest entrance of Halictus malachurus: "Unable to seize

the sentinel that obstructéd the entrance with her head, she
burrowed towards the bees"gallery and thus succeeded in selz-

ing and.killing the guardian and cast her backwardsout of
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the tunnel. A second and then a third Hallctus endéavoured
to replace the first but met with the same fate." 1In some
cases, however, the Sphecodes female is stung to death.

Once the Sphecodes has entered the nest of the host

species she apparently destroys the eggs in the Halictus cells

and lays her own in theif place. In this way her larvae do
not have to compete with the lervae of the lawful owners for
the nse of the stored pollen and nectar, ‘

The most interesting soclal parasites among bees are the
dozen or more species of humblebées belonging to the genus

Psithyrus (=Apathus). Psithyrus has long been known to breed

" in colonies of Bombus (=Bremus), the latter representing the

nest-builiiing bumblebees. Like the permanent social parasites
of the ants these parasitic species lack a worker caste. it
is easy to distinguish a Psithyrus female from a Bombus fem-
ale by the former ] lack of corbiculae or pollen baskets. Both

sexes, however,'so closely resemble the genus Bombus that

\anyone other than a specialist would see no difference be-

tween them.
| The Psithyrus female, like the Bombus queen, hibernates

alone but reappears later in the spring than the latter does.

(ﬂowever, because of the lack of a pollen collecting apparatus,

she is, unlike the Bombus queen, unable to ‘found a colony of
her own, Therefore, she must enter and secure adoption by a

Bombus colony, usually after the first batch of workers have




31,

emerged. The Bombus wofkers,then fear her larvae rather than
their own. Let us now turn to a more detailed account of the
behaviour of these "cuckoo" bees. |

Once the Psithyrus quéen has left her winter resting
place, she starts a search for a Bombus colony. ' It has been
suggested by Sladen (1912) that she is guided in her search by
a remarkably keen 61factory sense, In support of this view"

Sladen (1912) suggested that Bombus lapidarius and B. terres-

tris have longer tunnels than other specles in order to escape!

being parasitized. : Prathif{1934:); howewvebsy has'shown that, at
least in our American species, these precautions are of no -
avail. He found a considerable number of nests of B. affinis

and B. impatiens which were parasitiiedvby Ps. laboriosus'and

Ps. ashtonl even though they had,tunnels’rangingvfrOm five to
" ten feet in length and also by the not infrequent aﬁpearance |
of Psithyrus females in Bombus colbnies kept thirty feet above
the. ground. These experiences~ied him to believe, at first,
that Psithyrus possessed a truely.remarkable olfactory sense,
until further observations and experiments suggested that it
waéjzzg,keener‘than‘that~of Bombus. -"As . early as the summer

of 1921," he says,"I had noticed that females of Ps. laborio-

.sus often appeared in the nests of.mx‘bimaculatus'colonies and

sometimes remained for several days without any serious ob- -

jections on the -part of the owners. In taking colonies of
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~ vantage over the individual membefs of the colonj for she

" to0 a Bombus colony without being killed and may remain there

this species, I have also repeatedly found a laboriosus fe-

male lodging in the nest, but since Ps. laboriosus apparently

never breeds in the nests of B. bimaculatus, I have come to

the conclusion that not infrequently one or more 1aboriosus
may _
females/know the location of a nest of this species, and use

it merely as-a kind of hotel., That this =-- and not a keen
olfactory sense -- 1s probably the correct explanation for the

fivéqiisRtegappearance of laborliosus females while colonies of

B. bimaculatus are being taken, is indirectly confirmed by the

fact that not a single Psithyrus has ever appeared during the
process of transferring nearly 175 nests belonging to other

species.”

Many times, admittance to a colony 1s not possible without

a struggle, in which case,‘the~Psithyfus female has the ad-

possesses a tougher integument and astouter and more curved
sting than her opponents, In fact, her integument is»so\
thich that her adversaries are unable to penetrate it with
their sting. But she isAvulnerable;in the neck, and because:
of this fact.she is not always successful ineentering the
nest.

However, the ﬁsithyrus queen sometimes gains admlttance

the rest of her 1ife. The attitude of the members of the

host colony toward the alien queen differw with the various




species of Bombus. Plath (1934) observed a Psithyrus ashtoni

" and a Bombus affinis queen living together with no-dndication
 bf‘éntagonism;v‘Moréover, during the two months they lived
'1n,this state, nong of the other members of this Bormbus-Psith~
yrus colony exhibited the slightest sign of hostility.‘;,*

T ' The behaviour of B. vagens and gg.'1aboriosus;t§wardeeach

other, with the exception of the first three or four days, was
the same as that of Ps. ashtoni and B. affinis. Of the pecu-

liar behaviour of”the laboriosus queen during these first few

days in the nest, Plath (1934) has the following to say: "On
the first day’éfter the laboriosus female entered the nest;f

she seized nearly every worker with which she came in contact

and rolled it toward the ventral side of her abdomen, making

movements as if to sting her victim. This mauling lasted only

a few seconds, when the worker, which in every case remained
passive, was again,released.’tin seizing the workers, both the
- mandibles and the first pair of 1egs‘were'usually employed -~
similtaneously, but on one occasiop the Psithyrus first lifted

a worker by the pile of its thorax with her mandibles and then

rolled’ it below her body. None of the workers seemed to be

any worse for this mauling. On the second day, the Psithyrus.

female only occasionally seized a worker and treated it in the

‘manner described. These attacks upon the Bombus workers occurh

ed still less frequently on the following day,hand thereafter

no animosity was noticed between the Psithyrus female and the




| the struggling mass. Some of these workers are killed.. Moré-

" of a'case where such & struggle ended quite differently under

vagans workers,
- The attitude of B. impatiens toward a.Psithyrus female

1s quite different from that of either B. bimaculatus or §.
vagans. When the females are introduced into a colony of B.:
impatiens a great turmoil arises in ﬁhe nest. Workefsfrush:
frantically about seeking the cause of the uproar, and once the
Psithyrus queen 1s found, each worker attempts to stingaher;;%*
The result is an agglomeration of workers about the poor crea-
ture:Which‘practically renders her helpless. Those unable to
get at her seize their own nest mates with their mandlibles and
a;temptito-sting toward thé Psithyrus queen in the center of

over ,during the struggle the Psithyrus female vigorously opp-
oses her adversaries with attempts to sting them, which,uasia-
raléy results in several deaths. .« .o o oTion

© . Plath (1934) gives the following interesting description

different conditions: "On July 24, 1921, nineteen workers of a
colony of this species, which had been transferred to one of =
the Bussey buildings on the preceding dgy, were‘éaught at the -
pld nest-site and placed in a'glass'jar;/ A féw minutes later,

a female .of gg; laboriosus was discovered on some comb which

héd been left in the empty nest-cavity of aucolony'of~§;‘fer-

vidus.- Just to see what would happen, the Yaboriosus female
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‘the queen grows: accustomed to the presence of the stranger, and

was also placed in the jar. All the inmates, including the .
Psithyrus, were 1ill at ease, and.tried'td.escape;tbut~one or

two of - the workers nevertheless attacked the laboriosus female

as soon.as they ceme in contact with her. The latter now went
on the warpéth herself. She quickly selzed one workerfaftef
anotheg,*Whether;attacked by them: or not, rolled them below
her abdomen’' and stung them to death. ~This done,’ she seomed to
feel quite at home:in the jar, and began to lap up the honey
which,was oozing from the bodies of her victims." = |
'Now that we have seen that the attitude of the workers of
the host colony toward the intrudiné queen varies with the
speciés and the environment, we-mightfask‘how the host queen
and the parasitic queen reéct toward'oﬁe'another;“:81aden(19I23

states that in the case of Psithyrus rupestris and Ps. vestalilg

the Psithyrus Queen‘murders the host queen,af ter which the. -
Bombus workers assume & hostile a&ttitude toward thelr queen's
marderer and awalt the opportunity to depose her. Sladen; in
describing_the=preparations of the Psithyrus queen for her.:
atrocious deed, says: "Her first care is to ingratiate herself
with the inhabitants, end in- this she succeeds so Well that the

workers soon cease to show any hostility'towards‘her.“.Even_ L

herzalarmtdisappéars,=but‘it 1ssucceeded by a kind of des-

pondency;«-Hér'interest“and pleasure in her brood seem less,
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and so depressed is she that one can fancy she has a'presenti-
ment'of the fate that awaits her. It 1s by no means a cheer-
ful family, and the gloom of impending disaster seems to hang
over 1tai i ¢ f ”

" But'while the queen grows more dejected, the Psithyrus

' grows more lively, and takes an increasing interest ingfhe'C[@‘

comb, crawling about over it with unwonted alacrity;_and Ch S

amining it minutely." The queen, according to Sladen is even-

tually killed by the parasite which starts to lay her eggs..

The Bombis workers are soon reconciled to the'etrangeiignvae-
and rear them as thelr owhibrood;~" |

| -It‘isfdifficult to determine which is the aggressor in
thie Yduel of the.queens“, but Siaden (1912)'sﬁggests‘that it
is probable that the Bombus dﬁeen starte the procedure'as soon
as she discovere‘that‘the“Psifhyrus female is about ‘to lay,"an

unpardonable fault in a member of her household at thisﬁeariy

stage."

The assertion of Sladen that the Bombus queen 1is invari-

bly killed by the Psithyrue.female‘ﬁot only confliets with the

observations of Hoffer (ecf. Sladen 1912), another European :

authority on this subject, but also with those ‘of Plath -an,

authority on our American Psithyri. Plath (1922), inlthis

A L e
AUTHOT L OF O}a

connection, tells of taking, June 26, 1922, a-nest of Bombus

vagans which contained "(1) the o0ld queen and about 40 workers

of Bremus [= Bombue] vagans; and (2) a Psithyrus queen belong-
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ingnto the Laboriosus group." Another nest taken July 20, 1922

consisted of the old queen and 6iworkers of Bombus, and a Psi-

- thyrus queen belonging to the Laboriosus group.: A considérable

number of Psithyrus males and several Psithyrus females were

reared from one of these colonies,

- When the Ps. laboriosus queen enters the nest of B. vagans

she pays little or no attention to the Bombus queen. The lat-
ter, however, avolds the FPsithyrus female whenever they meet -
for a period ef_a few days. Moreover, she turns the tip of her

abdomen toward the intruder as if to ward off the attack. Such

signs of enimosity, however, gradually decrease until after the

fourth or fifth day the two are reconciled. to . one apother.c~
Sladen (1915), moreover,;as;ieterJforced,tO'admit_the _
possibility of two queen 1living in an amicable relationship,
for he asserts: "Ps. insularis does not apparently kill the‘*‘
Bombus queen, as I have found Ps. vestalis and rupestris-do in
England, but both females seem to live together 1h the nest,
laying eggs...+. This seems to be in accord with Hoffer's ob-

servations on'Ps.'campestris, the 01d World representative of

insularis. He.found Ps.-campestris living on good terms with

itsrhosts B. agorum and helferanus, both: queens producing Fer - ||

'young o ‘

~In regard to the ‘actions 8f two Psithyrus queens which

L., same -
might meet in ‘the/nost colony Sladen (1912) has the following
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to say: " T believe the Psitthus'queehé‘do'nbt kill one an- -
other, for I have never f@uhd‘a deed Psithyrus in a nest ruled
Byua‘Psithjrus. If several Psithyri(find ﬁhe same‘nést 6nly
one remains, although the others mey make it their headquar-"
ters for a few days,......." Plath (1934), however, has prbqv-

ed éxperimentally that this is not true.of Psithyrus aborio-

sus. He placed twbvgg. laboriosus females looking for bumble-

bee nests in a colony of B. bimaculatus. ' The results are vi-

vidly described as follows: "The two Psithyfus féméieé.usﬁaily
attacked each other at oﬁéé,‘agd within a migﬁtéxor two, some-
times even within a few seconds, ope,tdpéied Svep, morta}l§i’

stung.  Occasionally the Sedond'Psithjrﬁs female tried tﬁ‘aQOid
a conflict by making a dash for the flight-hole as soon as she
noticed:the’other Ps1thyrus;;JBut 1f both females were in a
pugnacions mood, they generally seized each other By cne of the
legs and endeavoured to use their étings.'“Aé soon as one had
aucceeded in accomplishing this, she attempted tb‘ethiQafekQép
herself from the embraceiof'her vanquished foe. During these
encounters it sometimes happened that legs were torn off, or
that the;ﬁégd?Péithyrus'had'faéténed‘her mandibles ‘so firmi&"

to one of the legs of the victor that the lattér had to be re-
leased. Such a Psithyfustin turn-was not infrequently killed
a few minutes later by a third Psithyrus that was introduced

into the nest." .
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genus Fsithyrus is that of oviposttion. Hoffer (cf. Plath,

-1the Bombus workers. These facts are important in connection

that the Bsithyrus larvae devour the larvae of their host.

kgdoes not apply to the American Psithyri. Bor instance, tle

Another 1hteresting problem concerning the members of the

1934), although never having observed %sithyrusvovipositing,
expresses the opinion that the Psithyrus female lays her eggs
in pollen masses in which Bombus eggs or -larvae areualreadj

present, The Fs. laboriosus female, at least, does not ex-

hibit the above habity but has been observed by-Pléth (1934)
building small deils from wax which she had gathered from
Bombus cocoons. Later, as she laid each egg, she,ﬁenetrafed
the wall of the cell with her sting. Before building the cell
she had been seen tegring open a cell contalning Bombus larvae
so that they rolled out on the floor and were thrown out by

with parasitism for they serve to refute Hoffer's suggestion

Still another importaht consideration has to do with the
similarity of size and coloration of Psithyri and their hosts,
Hoffer (cf, Plath, 1934) believes that the European ?sithyri
which‘most closely resemble their Bombus hosts are those which

parasitize Bombus specles of the seme slze or perhaps larger

than themselves; whereas, those‘which show the least resemblan-

ce victimize smaller Bombus species. This, according to Plath,

Quéens of B. aﬁﬂinis are larger than those of Ps. ashtoni, and
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~ ||rear her young in practically the 'same mammer as the Psithyri ,

yet there is 1little or no similarity in coloration between the
parasite and host. The same 1s true of Eg;‘variabilis and B. |

americanorum. The queen of B. vagans, however,'is smaller

than her parasite Ps. laboriosus, and in this case, particular-

between the Psithyrus male and host, there is a considerable :
degree of;similarity.~

The ‘manner in which this permanent parasitilc habit ‘came.
about hag been suggested as béing the ‘result of temporary soc-
ial parasitism by Sladen (1912). He says, in this connection;
"The origin of Psithyrus, more especially of its peculiar para-
sitic 1nstincts,3is'aﬁ’1nteresting question. . If ‘a specimen of
Peithyqu‘be_compared with a specimen of Bembus it 1is seen that
the resemblance is not merely~superficie1 but extends to near-
ly all the important detailseofgstructﬁre,‘so'that~it is i.nvip-'i
ossible to avdid the conclusion that Psithyrus has‘sprung‘frem
Bombus, and this at quite a recent period in the history of 1t
1ife. ' Moreover, the Bombi — &nd this is ‘particularly inter-
esting -—— show ‘parasitical tendenciles leading to the papasitism
of Psithyrus. We“havelseen sQ.u how the Bombus Quéens*mdy~en-
ter the nests &f thelr .own species and kill one another, and

how, in the case of the twin species, B. terrestris and 1ucorum,

terrestris has extended this habit $0 as to prey on lucorum,

k¥1XYing the lucorum queen and getting the lucorum workers to
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prey on the Bombi. . It is a remarkable fact that the sting of

theftefrestris queen differs from that of the lucorum gqueen

and. approaches thgt of Psithyrus inlbeing somewhat stouter and
more curved, and having its thickened basal portign-mpre par-
allel-sided when:viewed sideways than:in lucorum. .. There is,.
however, no evidence to show that any species. of Psithyrus'has
sprung from the quticulér specles of Bombus on which,itfpréys,
such resemblances as it may show to it in coat-colour, etc.,
being pretty clearly attributable to mimlicry or exposure to the
same conditions of 1life, and not to ancestry."

As Sladen points out, temporary soclal pérasitism, as ex-

emplified in the relations between B. terrestris and B. luco-

rum, may have’been the original state leading to0 permanent

social parasi;ism in the members of the gen@s Psithyrus. Psi-

thyri, according,to Lutz (1916), are "closely related to, and

have been derived from the Bombldae by degeneration,” and their

parasific habit originated in the temporary parasitié habits of

their ancestors. _-
Similarly, permanent social'parasitismlgmong the ants,and

om

probably among the wasps,may have originateddﬂnﬁtemporary soc-

ial parasitism. For instance, as In the case~of'Bombﬁs terr-

estris, queen ants of Formica consocians may not start colon-.

fes of their own, but may enter colonies of Formica incerta

where they secure adoption and bring forth their brood which

o e T _ﬁ—w,i;%
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is reared by the workers of the host specles. In this way a
mixed;oolony.ariSes. The incerta workers gradually die off,
while the parasitic queen keeps on laying eggs and producing

more workers. The result is a pure colony of Formlca consoc-

ians . Many other species of antsrm&kéwtse~form their own col=-

onies by temporarily parasitizing Otherﬁspecies,vand it is,buf
a step from thts' temporary SOcia1 paras1t1sm to pefmaﬁént soc-

iél parasitism, -
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- :i'c’t Social Parasitismrdmong Birds :,mf .
Socialrparasitism is also found among the birds and the

’condition is entirely comparable to that existing among the
.insects. Here again, the eggs are. 1aid in a nest belonging

to a member of some closely related species who then assumes
the responsibility of hatching and bringing up the parasitic

brood. The habit,_however,,is not nearly sovcommon,_being

found in relatively few species of birds. -

Formerly it was believed that the European cuckoo,

Cuculus canorus, was the only bird having this peculiar

habit.‘ Less than two centuries ago,. however, it was found

‘that many cuckoos in Asia were also parasitic, but it was

still supposed that the habit was. limited to this one family,

of birds. Early in the 1ast century it ‘was discovered that
the cowbird of North America, Molothrus ~ater, a bird be- |

longing to an entirely different order, also possessed this

peculiar habit. Later some of the neotropical cowbirds .

of southern.South America were added to the 1ist. Recently
a South American Duck, Heteronetta atrica illa, or Black-

headed Duck, was shown to have attained a state of social

'parasitism., QouthAmerican Orioles known as Hang-nests,

African Honey-guides, and the Weaver—birds, have but recent-
1y been added to this group of parasitic birds which .
constitutes but 8 very small portion of the thousands of

kinds of birds known to science.

Therefore, at present, the parasitic breeding habit is

]
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known to.occur in five widely separated.and distantly re-
lated. families of birds--the Cowbirds.(Icteridae), the -
Cuckoos -(Cuculidae), the Weaver-birds (Ploceidae), the -
Honey-gﬁidesg(Indicatoridae),;anduthe'Ducks,(Anatidae)wf~~

Of ‘the family Icteridae, the Cowbirds and the closely re-
lated‘Rice.Grackles,,constifﬁting,about-a half dozen species
in all, are known to be parasiticj.of the Cuculidae, about .
seventy Species; of the Ploceldae, only. three; of the Indica-

toridae, or Honey-guides, less than half a dozen; and of the-

“'Anatidae,;we'have.knowledgé<of but a single speciles,.

,~4'Let.us~first.considervthe role.of :the Cowbird in the-
study‘of\social,parasitismtinuthe»bird:world¢h,TheJCowbirds~
belong.to three genera--Agelaloides, Molothrus, and Tangavius,
of . which the first is:-the most. primitive~
;1)1 The members of the genus Agelaloides, restricted to’
Argentina,, Paraguay, Uruguay,,and~Brazil,,are,cha#dcterized
as being "non-parasitic Cowbirds with short, rqundéd,wings,
ho sexual plumage dimdrphism,’and no. court;shipfdisplay;ﬁ
(Friedmann, 1929) . This genus. consists of two. species--:

A. badlus and A. fringillarus. Ao badius, whose primaries
accordingqto;Friedmann,(1929);are of ‘a."Wbright chestnut- -

brown,»broadly,tippedLwith_fuscousﬁ, giﬁing it its name;:w

ﬂBay-wingedfCowbird,"“1s~found;inaArgentinaggUruguay;‘%‘
Paraguay,fBrézil, and - Bolivia; ‘and ' 1s generally restricted
to the lowlands.:. Little.is known.concerning A.. frin illarius,

and'since no;field-observations:have~evermbeen<recorded and
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few actual.épecimensxcollected,;itﬁis-probablehthat it is
a_rare loéal-bird.,,From~the_few_Specimens_in:the<¢useums of
the world,jité'geographicalwdistributionAhas;beenidetermiﬁed
to be restricted to eastern Brazil with a rather extensive

coasfaIArange.a'It 1s knowvn as the. Pale .Cowbird since its

,primaries are dull. olive brown, narrowly edged. with pale

chestnut. Its hablts are very similar to those of . its near

‘relative,~g.”badius.ﬂu; N R T e

A« badius, or Bay wingedeowbird,.has;an’1mp0rtant place
in tHis treatise because 1t represents:the most. primitive
spécieswof the group,  as.well as the original condition of

thekancestral~cowbird;family.g These .birds. do. not migrate in

'the;winter, butawander'aboutninwsmalluflocks untilLspring

arrives. . At that time. they leave.the flocks in pairs.
Unlike the rest of theﬂCowbirds,wthere.is;noJcourtship“dis—
play of any sort; simply a monogamous pairing off; giving :
no 1ndication of  polyandry..

These paired birds. then look about for a. nest, already
built, as.a suitable breeding place and, on finding one, .
they take possession of .the nest,;“If;the,nest happens to: be
dccupied;attthe‘time,.the_Cowbirds;fighfgfor possessibn.of .
it.  In this way, unlike other birdsxwherethe.maie estab-
lishes'a“"térritoryﬂxiniwhich he a116WSrno other male to

settlg and frbmra_"singingutréeﬂ;announces:tO;all;the>;:

'females_that,heiwantS»a;mate,;both;the female and male

Cowbirds mutually establish a "territory". Then, after the
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capture, some part of the tree in'which the nest happens to

be becomes the favorite singing perch of the male, Even
then,ithedfemale:sharesfin the choice of this'pertieularTV‘
spot, which is selected after the capture of the nest.” -
! This mutual establishment of the "territory" and of the
"singing tree" has other manifestations as well.. The =
nterritory® 1s not established with a view to its promise
of fdod,supp1Yfasfit,is among other birds;'but‘as'a'nest-
SiteasﬁFUrthermere;sinStead:offthe‘"territory" being of ¢
pasic interest, ‘as it is among?other'birds;,itsiszseebndary
to ‘the nest among Bay-wings, and the female and male of
this Species vigorously defend the nest. This more :
theoretical m"territory" leads toward a possible polyandry

" 4n the more highly evolved Molothrus and Tangavius. =

' These cowbirds show a decided preference in the cholce
of breeding nests, generally building in the nests of -
Lenateros (Anumbius) and Spinetails (Synallaxis) ‘and ‘to a
lesser extent in those of" Ovenbirds (Furnarius) The fact
that the Bay-wings are the last of the Argentine land birds
to breed assures an abundance of available nests. 'In fact,
fﬁis“iateibreedihgiseasdh{lsbprobebinduehtd'the'g#eater“'

éupﬁlyief’heSts, siﬁce'eerlier”inkﬁbe‘sééSon‘aVaiiéblédhests

are fewer and the competition is greater._r

FT Having decided on' a nest, the Bay—wings defend their‘

L

empty nests for some time before 1ay1ng in them. Durlng this

time the female seems to be more belligerent and audacious in
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the defense of the nest than after the eggs are laid This
also becomes a period of repair carried out by both the male
and the female.\ The male, however, seems to do most of the
work. The preparations for egg laying consist of throwing
out any eggs or young of the previous occupant that happen

to be present and making a little addition to the 1ining

' of the nest, or perhaps only a rearrangement of the lining,

or even enlarging the entrance._ The repairs, however,

‘are not extensive for the birds are idle during most of the

two weeks in which they stand guard over the nest before

‘ laying in it.

| If, however, they are unable to gain possession of a

nest built by another bird they build a rather creditable

'affair of their own.: In this case it is always open‘and

off the ground.‘ Their favorite materials seem to be dead
grass,.straw, and occasionally feathers, horsehair, and
mosses are used for linings. Furthermore, they arekbuilt
fairly early in the season when the supply of ready built |

gnests is less extensive., As I have stated ‘above,. both B

males and females possess the nest—building instinct which

is only brought to the fore when other means fail them or

,is manifested to a slight degree when repairing usurped

nests. ERRIUE N S |
s After the nests have been renovated or completed the
females 1ay their dirty white, heavily mottled eggs which

are usually five in number. After all the eggs have been
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laid the females begin. incubation and Tear their young much

.as do normal nesting birds. 1In this connection Friedmann

(1929) has the following to say.,\"In his earlier papers
Hudson wrote that this species sometimes lays an egg now
and then in nests of other birds and leaves them to be
cared for by the foster parents. This is not the case.‘;'1

The Bay~wing As not parasitical at all and the eggs which

misled Hudson were probably those of the Screaming Cowbird n

He goes on’ to say-- "Hudson found that occasionally
two or more. females laid together in one. nest. Allowing

for the possibility that many of these extra eggs were not

”Bay-wing but Screaming Cowbird eggs, it is still possible

that in some cases more than one female Bay—wing used the “
same nest. I have never found instances of this kind myself
and Senor Pablo Girard a ‘resident . naturalist in Tucuman, -
tells me, that of sixty-six nestsof the Bay-winged Cowbird”u
found by him in the past twenty years he has never found :
eggs of two different Bay-wings together, but that every
single nest contained eggs of the Screaming Cowbird as well |
as of the Bay-wing............I feelthat :u; is quite likely |
that once in a. while two Bay-wings may lay together but

that such instances are rather rare. The protecting in-

tincts of the female are very weak and two may lay together

_because of this weakness. If this is true we have here

the actual beginnings of the social parasitical brood habit.
Belonging to. the genus Molothrus are the typical

b




~ parasitic Cowbirds with long, pointed wings, and dark

plumaged males. To this genus belong three species with many

races-—M. rufo-axillaris, or the Screaming Cowbird 1s found

?in ‘the northern half of Argentina,cUruguay, Paraguay,

southern Bolivia, and southeascerh,Brazil;Qg,fboﬁar;enSis,”

known as the Shiny or Argentine CoWbird,chas a far mcre'ex-

tensive range than any of the other South American' Cowbirds,
since it occurs as far south as northern Patagonia and as
far north éé~Panama;,g;,§§gg; knoﬁnvas theﬁNcrth‘American
Cowbird, 1is limited, in'general,-tc temperate North America
from the ‘highlands of central Mexico to the region of Lake _v
Athabaska, and from the Atlantic to the Pacific. o

s The Screaming Cowbird Molothrus rufo-axillaris, is in

a direct evolutionary line from the Agelaioides ‘badius. The

juvenal plumage 1s exactly alike, bothe having the coloration
of the Bay-winged Cowbird, but the adult plumage of the two
species 1s quite different. The bird gets its name, '
Screaming Cowbird, from the fact that it gives a harsh
scream,juét when 1t ié about to.alight or take off in flight;

- ‘otherwise it is not excessively nolsy as the name might

suggest.

© Like th& Bay-wing it is not migratory and is strictly

‘monogamous. Friedmann (1926) who has madecéxtensi&c and in-

‘tensive observations on the habits. of Cowbirds, states that

he knows of no case of polygamous relationships, and, in

fact5ythié'Specics’oftcnfremains in pairs the ycar‘round.
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- After their ostentatious courtship has been going on
from the second week in September;to.the;middlefcf.November,
some female palrs with the male and,thié-monogamousVétate

exists throughout .the breeding season and .even, in some

cases, the year round. -This pairing off takes place rather

early when.one,considers.that‘the;Screaming Cowbird 1s a
very late .breeder, the season for theAeggsﬁbeing,froﬁ Decem-
ber to;thé,end\of February as is the case with the Bay-
winged Cowbird.. Throughout the months of chober and;;»;g»f
November the. birds establish their "territories" and often
two months may pass,. during which they perch day-in and day
out on their "singing trees", before thewédtual‘léying of
eggs occurs.. This early establishment of "territories,n

which remain unused for a considerable length of time, not

‘infrequently,resultsvin,a;weakening.of“thenterritorial

instinct such that the birds desert their first choice and:

establish another. _ ,
The,Screaming“Cowbird,never;buildS»a nest.. As I have

said above, the Bay-wing is a late breeder. because there are

more ﬁestSfavéilableAand.unoccupied.later in the season,

‘The Screaming Qowbifdisdesnin,severaiﬂways that it 1s an-
' offéhoot of the Bay-winged Cowbird and hence its_delayed;
reproductive season has a thlogenetic;oniginwinwitsiancestral

stock. Strangely enough, since M. rufo-axillaris is parasitic

and since no other birds are breeding so late.in the season,

the Bay-wing (Agelaioides badius) becomes its chief, or . - -

s




perhaps its only, victim. In this way the Bay-wing, which
~breeds late in the season to avoid,wbrk in the form of pest
building, passed on the habit to the Screaming Cowbird, which
became almoét wholly dependent on the Bay-wing because So
few‘birds,breedﬂso late in the séason., Aé a result, the
Bay-wing, which postpones 1its breeding period to avoid -

- work, has the additional work of raising the young of the
Screaming. Cowbird. | P

The eggs of M. rufo-axillaris are so similar to thoseof

Agelaioides badius that it is not always easy.to distinguishk
between fhém.'.The number of eggs laid in. one season is”':* |
generally,stated‘as.being five, These are.lald at intervals
of one day. Friedmann.(1929)»states that he has never found
more tﬁan two eggs beloﬁéing to any‘one female Screaming -
Cowbird in any one nest of the Bay-winged Cowbird, = In one
case he found the eggs of the same female Screaming Cowbird
ighanother"Bayewing's nest about 200 yard3~from'the‘first
one. It.is also interesting to note that the Screaming
‘debirdidoes.not remove onélbf the Bay-wings eggs when laying
ifito thé nest of the latter,

Following the eggv;ayihg tharé is an incubation period
of twelve to thirteen daysl‘ At,birth the young Screaming
Cowﬁifd~is{able to r;ghf&iﬁself if placed on its back, and
it possesses a food reaction,exéct;y;like»that of the Bay-_
wing. Its initial call note is a.faint peep which also.
resemb1e$ that of the ybung Bay-wing. “Afterxthe.youngﬁbirdﬁ
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opens 1its eyes its food reaction becomes more vigorous.
Unlike the young Bay-wing, however, it does not associate
this food reaction with the:neét or the presence of its ..
foster parents. Moreover, the instinct of fear 1s nbt as
fully.developed aé in the Bay-wing.. | =

~ VWhen the bird is about twelve days old it leaves the
nest with its foster brothers and from that time on until. .
the post-Jjuvenal molt-it.is,diffiqult:to;demonstrate any
| difference.betweénzthe young Bay-winged Cowbirds and the
- young Screaming Cowbi:ds. Not only 1s their plnmage,identi—
cal but also their habits...Both Hudson (1920) and Friedmann
(1929) agree that this’close resemblancefiswdue-té»a,common
descent rather than to any,adaptive mimicry. -This 1is . .
further substantiated by the‘fact that other parasitic Cow-
birds get along well with a great variety of species,%hose:

young" often do not even closely resemble them. -

‘Molothrus bonarilensis, known as the Shiny Cowbird . -

because of the bright metallic. sheen of the male, has a. range-

over about four-fifths of South America, extending from:
Northern Patagonlia to Panama. It occurs at~sea'1evel and
even at altitudes over 12,000_feet above sea level. . This
varying geog:aphicalrdisﬁribution,has given rise to local.
subspecies in many cases. = ' A

'Again, as was the case with the Bay-wing and Screaming -
Cowbird, the size of the "territory" varies with the number
of available nests to be found within 1t and not with the
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food supply. EHence, the denser thé qupirdfpopulation,ithe
‘smaller the "tefritory" of each Cowbird;'qufthermore, the
sexual relations of the bird are influenced bY”the compara-
tive density of the pOpulation,oflits,own~kind,.aé’ﬁell as
the actual demarkation of the "territory" in a thickly -
settled district. L e,
The Shiny Cowbird is chiefly monogambus épd'eachfmated
female sticks té her own "territory" if the pressure of -
‘population is not too great. However, if the section is - .
densely settled by her own kind, territorial«demarkations'
become indefinite and may even be destroyed so that any
particular area becomes the domain.ofVany,femaie‘that
- desires to use it, and a semblance of sexual prpmisCuity?f
results. o |
Furthermore, the Shiny Cowbird presents a d;fferential
sex ratio, there being aboutjtb:ee.méies to_ev§fy two. fe-
males.f‘In,the first two speciéé,digcussed'the»sexesfwefe
aboufjéqual in number. The Shiny Cowbird's sYstemiof”Matingf‘
takes care of this superfluity-of males that ‘would other-’
wise be sexually unsatisfied. Every male has his "territory"
and there he stays untilia.mate-comes(alongL_‘The>ﬂema1ef\ M
having utilized all the nests inwthe:"territory" of any one
male;~passes on to another male's.dqmain;f‘If,‘hdwever;,she
finds that field already OcCupiéd4by1ahotﬁef-female and
the supply-ofvnests inadequate,:she passes on to still

another, or she may lay an egg or two in passing. This
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érrangement glves the female a chance of laying her maximum
number of eggs, and also providesrfor"the,appeasement of » -
each male's sexual desire. Nor'can;this be called polyandry
on the part of the fémales, of polygyny on the part of the
males which do not leave their "territoriest to collect a
harem but take whatever comes their way. Furthermore, the
male possesses no parental instinct,‘and the female -has : -
only one mate at a time in any onel"térritory;"7

It would seem that this excess .of males is due directly
to the parasitic habit for it allows ah-iﬁcreasefin the
species‘without téb‘great an increase in egg-producing
individuals. Since the numerical status of the parasite de-
pends on that of the host species, the natural equilibrium
would be upset if tco many eggs were produced so:that too
few of the foster parents would be able to bring up their
own young to be the victims for the. next season. . .-

Remnants of the ancestral nest-building instinct are
seen in the Shiny Cowbird, which has become entirely parasiticy
These birds show an 1ntense,interest<in‘theinests'they'are
to parasitize. Both female and male walk over tb the nests
and inspect them carefully, peering into the entrances, and
may even persist in these investigations. for several hours.:
without even entering the nest. Instances have been recorded
in which the Shiny Cowbird has been seen attempting to build
nests of its own. In most cases they are.never compléted,

but they serve to demonstrate the recurrence,of an ancestral
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habit, | : . RO
‘The eggs of the Shiny Chowbird exhibit a greater variety

“of color, size, and marking than any other member of its

genus, resulting in the lack of markings which‘are character-
istic of the species. The number of eggs laid during one
breeding season is open to question, but in,view of the

number of eggs wasted, it is believed to beysomewhere be-

‘tween sixty and a hundred eggs. These are laid at intervals

of a day. The eggs are wasted by‘being laid in old forsaken
nests, by not infrequently being dropped to the ground, by

being laid in nests where incubation has already'begun,véo;

that if incubation is too far advanced the parasiticgyoung‘

will not be reared;@andiby being punctured by the Cowbirds
themselves. : , |

-+ This wasteful habit of pecking holes in the eggs -
probably has arisen from the Bay-wings;yhich destroy the
eggs of the species which they oust from the nest. -The
bullderst! eggs are probably pushed over yhe side with the

~ bill which, in time might lead to the destruction of the -

eggs by pecking them.  Hence, we are here dealing with a

habit derived‘from a more primitive non-parasitic stock.-

However, the habit is not universal among the Shiny Cowbirds,

and is probably the result of desertioﬁbythe victim so

that its eggs, as well as those~of_the~parasite,;wefe doomed.
One female}often lays several eggs’in the same nest

and several females often lay 1n one neSt.} Thirty-seven o




Cowbird's eggs were found in a nest of the Rufus Ovenbird
which séems to be a favorite victim. Any nest containing
such a large number of eggs is generally deserted, for such
é number makes incubétion impossible. As many as thirteen
Cowbirds have been found laylng into the same nest, and
individual females have been known to lay as many as four
eggs in the same nest. vThesq however, are extreme cases
found late in the breéding'season. A more conservative:
estimate would be of two _females laying in the same nest,
and where conditions are less crowded parasitized nests -
contain the eggs of only one Cowbird. The ratio. becomes
about three nests with single eggs to two with more than
one. ‘ | o

- Loong llsts of the victims of the Shiny Cowbird have been
published, and more,are}béing added as new data are supplied.
The total is now definitely arquniéa species and subSpecies
of birds, but when'the bird 11fe.o£ itsvregion'is-a51well«('

known as that of the Molothrus ater the total will probably;.

be many hundreds. Most of the victims seem nbt to mind the
éggs'of the intruder; others, like the Yellow Browed Tyrant
(Sisopygis icterophrys) sometimes bury the parasitic eggs
by‘building a new floor to the nest.: Still others desert

if a Cowbird lays an egg in thelr nests,”buy the general rule
is desertion if large‘numbers of'parasitiq eggs are found in
any one nest. ‘ | u -

"The,incubation'period varies from eleven to twelve days,
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at the end of which time the blind and he1pless Cowbird is

hatched. After the first feeding its growth is nothing short

of phenomenal. On the fourth day its eyes open, and with .
that comes an interest in its surroundings. . It differs
from other altricial‘birdS-in,that it never develops any
alarm calls, nor does it respond to the alarm calls and
danger signals of its foster parents.. .  ‘ o

. The young Cowbirds are usually larger, can hold their
heads higher, and open their mouths widef than the young of
the foster parents. Since most birds feed the young birds -
that seem to be the hungriest instead of feeding them in
sequence, the Cowbird's young are fed first. Moreover, ' - -
this young parasite has been known to trample on the other
young in the nest and competition for food is overcome in
this way. They are fed for about two weeks after hatching

and in some cases probably longer.

The North American Cowbird, Molothrus ater, is very . .

similar in habits to the Shiny Cowbird, but 1t exhibits a’
more efficient phase of parasitism. It doesn't waste such
large quantities of eggs.. - . . = R T T e B ;f:
Molothrus ater ater, the main subspecies, ranges over
temperate North America in general,,breeding‘aszfarAno:th,
és 49 degrees in the more eastern provinces, south to -
Georgia and Texas, and from the Atlantic coast to the state
of Washington with the exclusion of'parfs.ofvthe Pacific

coast. In.the winter the birds migrate as far south as




central and southeastern Mexico.

If the range of the Molothrus ater obscurus, a dwarf

sﬁbSpecies, is added to that of the Molofhrus ater ater, we

have the representative range of the entire specles.of

Molothrus ater. :This includes, in addition to the range .-

given above,: the greater part of Mexico including Lower
California, énd nearby portions of the United States. It
is generally believed that the éncestralAhome;ofﬂMolothrus
ater was in South Amerlica and'that, by migrating through_f'
,Centraermeriéa,‘the species came to Texas which became the
dispefsal érea.

~a-Amoné the Molothrus ater as among the M. bonariensis,

there are more males than females, the ratio being about.

three to two, and it is still questionable as to whether '

they. are strictly monogamous. It is generally thought,
however, to vary with local conditions but to lean strongly
toward monogamy. - Because of this superfluity of male: birds.
it seéms‘remarkable.that there are not more cases of .

polyandryithap there are.  In one case of polyandry a male

‘established himself in the "territory" of another male and

both answered the flight rattle of the female.  In no case
of this sort was the original settler of‘the .ﬂtex?ritoryn‘
seen to . offer any defense. of his area. against intrusion by
outsiders except, perhaps, what 1s thought of as. being an -
intimidation display.  Apparently the fighting instinect has
degenerated as have the nestybuilding, and incubation
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instincts in the female. . =~ = ... o

. Molothrus ater possess, however, a fairly strong.

nterritory" complex during the breeding season. ' Birds which
have lost the nest-building and other instincts to such an
extent as to have becomé parasitic, can hardly be though ﬁé
be attached to a nest at this time. Therefore;;it has been
decided that the "territory" is the prevailing influence
which iimits the movements of the birds to a certain:area;ﬁ~
‘Not .only has the female a breeding area marked off but
also the male has his "singing tree" where he sings and .
displays. = This bears no direct connection with any of the:
‘nests‘parasitized within his,"territory", but seems to be

at a definitely high point so.that he can see most of his

ddmain}in which the victimized nests are. As I have previous-

1y stated, the males exhibit no desire to defend their .
~nterritories™ through physical combat but merely through . -
intimidaﬁion display, Which_cbnsists of pointing the bill .
toward the zenith whenever another male is near. - |
 North American Cowbirds have been. seen watching, ﬁhile
perching motionless, for a long time the nest-building
operétions of the prospectivé victims. When ready to lay -
an egg,ithé female‘wentadiréctly to the nest as.if that‘nest
had been selected far in advance.: The eggs,amofeover, are
laid during the absence of the owners of the nests and -

(i%égegally,in;those_élready‘containing eggs. One case 1s
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recorded where a Cowbird laid an egg in theenest of an
Indigo Bunﬁing~containing‘young,‘although normally they do
-not lay in nests where incubation has.been,started.

In some cases the Cowbird may remove an egg belonging
to the victim and the fact that the-egg,was often found on
the ground was offered as a proof that it was removed by
the female Cowbird. However, in many cases, there were
fewer rightful eggs deposited in the nest iﬁ proportion to
the number of Cowbird eggs. In other words, %the foster -
parent probably never laid the eggs but retained them in her
body because her brood‘numberfhad been reached. The latter
seems a more probable explanation. :

-Sufficient evidence of the actual puncturing of eggs
is lacking.. It 1is true that eggs have been found from time
to time that have holes in them. . Nevertheless, it cannot
be definitely stated that the Cowblrd deliberately punctured
the eggs. Other birds might be responsible or the claws
of the Cowbird might be accountable since the-bird:is general;
1y too,large~for‘the nest it parasitize35

 Rowley (1930), however, tellsof having actually ob-

served the dwarf Cowbird, Molothrus ater obscurus, destroying

an egg of its victim. In describing. this action he says:
"The total time the Cowbird remained on the nest could not
have exceeded two or three minutes. During this time she
laid her egg, either kicked out, or, with the use of her

bill, removed one of the Orioletsﬂeggs,,and_wasAgone., The
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thing'happened_in such quick time that I hardly had time to
see whether she took the oriole egg out of the nest before
she laid the(egg or afterWards.~’HOwéVer; I know there was
an egg removed to make room for this !parasite! because I
found the oriole egg where it was dropped.®

‘ In the majority of cases one egg is:-laid in a nest

although more than one egg méy'be.laid; and more than one

bird may laY'infone'nestl The eggs are of a generalized type

and coloring, having a ground color varying from pure white
to bluish white and with speckles from yellowish tan to dark
brown, It is interesting to note, however, that the eggs
are small in comparison'with the size of the Cowbird, even
though they are usually larger than the eggs with which
they are found. Pl “

" The incubation period is about the shortest of any of
the passerine birds. Here again, 1s the perfection of the
parasitic habit demonstrated. This enables the birds to
haﬁch a day or two before the,other birds in the nest, and
the larger size of the egg brings it nearer to the body of
the nesting bird in such a way that more heat is obtained.
Moreover, if the egg is laid after:incubation has started,
the short incubation period of the parasitic eggs enables
the young parasite to survive, R S

By 1929, eight’ordersg\twenty—five families, 103 genera,
158 species, and 195 specles and subspecies of birds had been

recorded as being victims of the Molothrus ater, and some have
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been added since. - There are only nine non-passerine birds
on the list, but these are rare victims. These birds are
not well éﬁited for bringing up young’Cowbirds;"To make a
suitable foster parent, a bird must bé alfricial; it must
lay eggs that are not much larger than those of the parasite,
for, 1f'larger,,the,parésitic egg would not get enough heat
from thé,incubating body; the manner of feeding of the host
must resemble that of the Cowbird rather“closely;»and3the
nature ‘of its food must not vary too much from that of the
parasite, although a robin:'has been seen feeding a young
Cowbird a small garter snake. -

Some . birds are spared the task of ﬁringing'up these
young parasites because of theirfpeculiarﬂtemperament.ﬁ,The
pugnacious character of the Kingbird 1s an example, Birds
nésting in holes are generally not molested, for the Cowbird
prefers an open nest with the ekception of that of the Oven-
bird. In some localities, those birds which live in swamps
are not parasitized, while,iﬁ~otherAareas they ‘are commonly
affected. . , ‘

During the period of -infancy lasting from birth to the
age of four days, the young Cowbird exhibits powers of
orientatidn, (righting itself if it falls on 1ts back), food
reacti&nsﬁ(elevation.of the head with the widely Opended5
mouth accompanied,by‘rapidly;beatingawings and loud calls
for.food),[and lastly, the initial call note which is a faint

Tbeep" not often heard.: Thefcowbirds,*unlike their foster
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brothers do not crouch down and-remainvquiet at the approach
of any,creature othefvthan the parent;ﬁird, but clamor for
food and apparently have made no mental association with the
nest or foster parents,

Tangavius armenti, Arment's Cowbird, is known from four

museum specimens, of which only one is an adult. Because
of this scarcity, our knowledge of its life history is far
from complete, but its geographical distribution seems to -

be limited to the Cartagena district of Columbia. Tangavius
aeneus, . the Red-eyed;Cowbird, is an important species with

‘three subspecies: Tangavius aeneus aeneus, found in the

lowlands of Mexico; Tangavius aeneus involucratus, found in

eastern Mexico and Central America; and Téngavius aeneus

assimilis, which frequents southwestern Mexico. This.
specles 1s only partly migratory.lfz
In the case of the Red-eye the males outnumber the fe-

males. They have been seen to pair off but not to the ex-

~tent of indicating that they have nojpromiscuous relations.

The males establish their;ﬂterritoriesﬂ and "singing trees"

about the first:of‘May and perhaps desert them about the

‘beginning of July.

+ peneus parasitizes relatively few specles, and the -

_orioles seem to be its chiefﬁvictims.“ This may be explained

by the fact that, unlike the Screaming Cowbird, the Red- -
eyet!s nearest relative, it has no non-parasitic Cowbirds to

parasitize so it turns to a closely allied genus, Icterus.




64,

@

The largest number of eggs found in one nest was four and
usually none of the host!s eggs are destroyed.  Although one
feﬁale éOmmbnly lays only one egg in a‘nest, occasionally
two females may lay ‘in the same nest.

" 'Upon hatching, the young Red-eye exhibits the same

powersAbf orientation and the same food reactions as other

| Cowbirds. Like a true member of the Cowbird group its lusty

clamoring for food results in being well fed. However, the
young parasite gets along with its foster-parents better than

the YOung'Molothrus ater. In most cases the competition

~with the Red-eye becomes too great and the rightful young

may  last but a few days. Here again the close relationshilp
of this species to M. rufo-axillaris, which does not starve
out the rightful young of the‘neSt but grows up along with
them, may explain this more congenilal behavior toward its
foster brothers., . . : :

" From the description of the geographical distribution
and the habits of the Cowbirds one thing should be evident--
the evolﬁtion of the Cowbird as wgll as of the parasitic -
habit. It is believed that Agélaioides badius represents

the least development of social parasitism of all the Cow-
birds;“belothrué rufo-axillaris is very closely related to
A. badius:éndAhaS“given rise directly to Tangavius on one

handAaﬁd“Molbthrus“bonariensis on the other., MoYothrus ater

‘15“1n‘é“direéfieiolutionary 1ine with Molothrus bonariensis.

‘" “pccording to Friedmann (1929) the Rice Gracke (Cassidix
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oryzivora) is the only other parasitic member of the Icteri-
dae;nghisﬂbird'seems'tojbesanqenlarged,editionaof Tangavius
~aeneus to which it 1s related.: It is found generally dis- - .

@

‘tributed from Mexico to Paraguay. ~Goeldi (1897) ‘came to the

conclusionﬁthat Cassidix-oryz;vora 1s parasitic everywhere,

and - parasitizes..the, Cassidix species whose nests correSpond

to its own in size.kﬁx;hxw SR , ‘ ‘

::The Rice Grackle:is. so-persistent-in itS'attemptsﬂto
parasitize its victims that: frequent repulsions on the part
of the - owners of the nests fail to discourage it. . .It.
succeeds:ip,laying one:orf two eggs.in a nest but as many as
six have been found. ...,

*fIﬁuthe preceding paragraphs I have given an account of
the parasitic habits.of the Icteridae.¢ Now let.us turn to:
the;morefuniversally;discussedMgroup, the Cuculidae., .The

European Cuckoo,  Cuculus canorus, was the only specles of

Cuckoo knoWn‘to;Aristotle“andoit was of the strange habits.
of*thisnbird.that he .wrote cautiously as follows: "People -
say that they have beenmeyewitnesses,of»these and‘similar ;
things." Since that time strange things haveﬁbeen}reported
about these«birds.-“Reoently; however, more accurate and
precise observations have been made as 1s exemplified in
the scientific work of _Change . (1922) | e
fii”” L »Of,the Cuckoos. about~seventy species are known to be
parasitic. . The: true Cuckoos of the genus Cuculus are widely

distributed in. the Old World and seem to be generally parasit-
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ie. . The American species apparently;have not developed the
trait, though occasionally Cuckoo's eggs are found in nests
bf_other Spec;es.¢.The,South.Afriqan.species,uCuculus‘ ularis,
is parasitic'as weli,as the Red-chested Cuckoo (Cuculus. :-
solitarius) and the Black Cuckoo (Cuculus clamosus), which

are also of that region. Members of the genusfchrysoécccyx,

.or African Golden Cuckoos, are also parasitic as well as &

those of a third genus, Coccystes. The individual Indo-
MalayanﬁCuckqos,\éalleq,Koels (Eudynamis);parasitize the same
spécieé of allied birds and represanﬁ remarkable cases of
‘host specificity. Members of the genus Centropus, or the.vw
Spurred Cuckoos, however, are not parasitic for‘theypbuild
their own nests Ahd~care for their young as do normal“birds._
N ,/bnlike‘most.birds,,the,selection of the ‘breeding térri~
tory is left almost wholly up to the female since‘the:e is
no’nest,kincubating mate, nor young which require the pro-
téction_of the male. . Furthermore, there is no necessity for

birds to pair, in the usual sehse,of the word, when they do

. not rear their own.yeung. The Cuckoos are both polyandrous

and polygynous. The hen Cuckoo,. it has been found,,not 
onLy.becomes attracted to‘the‘territéryrof.her_upbringing but

also prefers to”victimize;th§ ne$ts,§£ithe species which

happehedAto‘be,her foster parents. . Those that have occupied
any particular territory the previous year naturally return
to it and defend it against all outside opposition.

. The dominating female makes use of whatever nest of the




foster species are 'in the nelghborhood and‘allfothéflfemales

are kept out until she has finished laying.° Other females
may then enter and depdﬁitﬁtheir‘éggs in the Very nests
utilized by the dominant. It‘ispﬁrobab;eLthat“fhéée other

females are wandererslin:théﬂviciﬁipzﬂandfmﬁsﬁ;be«cénteﬁﬁ”

with dropping occasional eggs into.the nests of the dominant
Cuckoos until such a time when they will become dominant
birds ‘themselves. : SR D

These female. wanderers, which find the nests of ‘their

natural hosts in territories ruled by a dominant female and

 have an egg at a stage‘Of'devglopment,compelling«depOSition,

must“layfinistrange nests.jnInfother:cases the‘Cuckoo”may s
be particularly prolific and start laying before the nests
of the hpst-Species‘have’been'bﬁfig;f”Such'was}thé5caséldf
a Cuckoo (Cuculus canorus) which uSed the‘sedge‘Warblerrs7*"

~ (Acrocephalus phragmitis) nestskearly in the season before

the Reed Warblers (Acrocephalus stregerus) had begun to

As T have said, each individual of the European Cuckoo

- shows a particular attraction for some one‘Species;W‘In'thisx

way one female Cuckoo may deposit all of her eggs in the

~nests. of the Meadow pipit (Anthus p;atensis), while another

may victimize only the nests of the Hedge-sparrow (Accentor

- modularis). The numerical 1list. of hosts 1s very large and

includes almost every species of‘émall;bird‘breeding’where

.Cuculus canorus ranges,?bupAeach_iﬁdividual,ten4§wto use the
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nest of but‘one”kind. Tberefore,Vthe‘parasitic babit in ¢

Cuculus canorus .canorus (the European Cuckoo) 1s character—

ized by individual host Specificity.

On the other’ hand the parasitic Cuckoos of the ‘Indo-
Malayan region exhibit specific host Specificity.' For in— -
stance, the Indian Koel, Eudynamis honorata, 1ays its eggs

wholly in the nests of crows. andsjays.f In Burma 1t vie-

timizes ‘the Burmese crow (Corvus insolens) and the Burmese i

jay (Pica sericea) in ‘British ‘India it parasitizes ‘the

Indian crow (Corvus splendens),randbthejjunglejcrow (Corvus

pacrorhynchus); and its victim in Southern China is the -

starlingi(Graculipicajnigricoiiis};\linftbe*above cases, the

individuaiwkoeltrictimizeSftneAsameTSpecie5f6f7bird in any"
given_district”so:tbat?orer:a'1arée.range.the béSt séecies““
are few‘in‘number’andvso‘closely"related that the individual
host specificities are so similar as to be characterized as
specific." , v T Y I R

This may ‘be explained by the ‘fact that the Koel and its
egg are too large to be successfully incubated. by small
species of birds. ‘The most abundant accessible bird which
comes fairly close to being ‘the size of the Eudynamis, is

the crow.i Hence, those Cuckoos not making use of these more

common nests would be gradually eliminated because of the‘*
,uncertainty of ‘their young being successfully reared o
" 8111 another situation is found among the African

Cuckoos. Here”the_hcst specificityis 1imited because of the




.ecologicalrfactorsaffecting,thedranges”andhhabitats%of:the'
uvarious Cuckoos. Some ofrthem.live infthe,open country,-.
.others live in dense forests, and even in the .Same type of
,locality,_some may restrict their parasitic habits to,‘~
znboreal nests while others lay only in 1ow domed nests in
Vlow,branchesworjon theﬂground._‘Thuskwe;find,the GoldGQS;
Cuckoos (Lampromorpha) victimizing birds whose nests are
_domed'orlcovered,isuch;aswtheiWeaverfbirds»and.Grass“warhler;
while the Crested Cuckoos (Clamator) parasitize open, arboreal
nests rhich are never,molestedvby‘thelGolden Cuokoos.v;wﬁ

. - This specificity of habit allows the survival of the .
’parasitic habit in a land where the number of Species“and
of individual birds is very large for any . given area- then
there is no conflict as there would be if all were parasitic
on the same host species,aigoweyer,ﬂthere,iswno real en-
vironmentalhreason for an individual parasite to further
restrict its activities toward extreme host specificty. g i
‘M | Furthermore, the African species of Cuckoos establish
breeding territories to which they adhere throughout the egg-
‘laying»season.. This territory is selected not because of
the adequacy of food for the young but because of the bvédw
availability of suitable nests within that area. . In the case

of the Golden Cuckoo which parasitizes Weaher—birds (Ploceus,-

Hyphantornis, Otyphantes), the territories are. often restric—
ted to a single tree. Since a single tree. seldom contains

more than one species of Weaver, the Cuckoo is automatically
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1imiting its parasitism to one host épéCiéé.; It ‘may be that
such individual host . specificities, ‘correlated with the :
@.! breeding territory, are responsible for~similarycases among
other individual Cuckoos.’ The development of these host
specificities seems to depend on the strict‘édherence to "
1ndividual breeding areas and indicates.that the:pafasitic
habit in the Cuckoos has not resulted in the. diminution of
the territory such as we find in the Cowbirds. . el

""" The dominant hen Cuckoo watches and searches until she
discovers in advance the nests of those birds in which she
intends to deposit an egg. Thereafter, she visits the nests
of the host species in turn, and surveys her dupes hard'at‘
work COnstructing_their‘neSts;*'Concerning:thié'féct Chance
(1922) ‘says:. "I think that it 1§ only reasonable ‘to ‘assume
that a Cuckoo does not lay until the incentive to do so -
has first of ‘all been provided by the sight of a pair, or’
probably more than‘bne‘pair; of her partibﬁlaf dupes ‘actively
engaged in the preparation ‘of their nests. VThé‘egQS’thus
tconceived! are subsequently fertilized, and ‘ready to be’
laid-at a time when her. intended dupes.have,arrived\at a’
period 1n their domestic affairs suitable to their reception
In the‘meanwhilefﬁhe'Cuck06idsually§pays'oﬁé”or~mdre visits
to the destined fosterer!s nests, probably in order to =
- 1ocate’them’precisely,*ahditoiaSSure’héfSélf.df their satis-
factory progress. From this can be deduced the reason’'for

eggs of even dominating Cuckoos appearing in the nests of
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rare and uncommon fosterers .and for Cuckoos normally para-
sitic,uponﬂoneAspecies,tovmake pcqasiqnal,use_qg a nest of
another species.,lThéareason}is that,some,abnormal;delay T
has occurred in the completion of théﬁnest»by;th§ pé;r of
dupes,on‘which the Cuckoo had 'cohce;vgd! her‘egg,/and‘wheq‘
the time comes that she is forced to lay it,_shQ rgsQrts”{y¥
to a nest«of;some.other,Specieschatthasvcpmerithinwher keﬁ."

. Chance (1922) was the first one to suggest,thetheqrjx;‘
that watching her dupes stimulates the reproductivé organs
of the Cuckoo to such.a.degree,thét an egg is ready to,beﬁﬁ,
laid five or six days 1ater,nand,suchla‘theory,is well
founded from records of his observations.DHMbrebver,‘itr‘
follows.thaﬁ the number of eggs she\mighp 1ayfin g,season\h3h
depends on. the number .of nests of the host species available.
Any shortage of nests would check the stimulus}pfvreprqey -
duction so that, until the female became reconciled to the
adoption.of another species, laying wouldﬁbeychggked,ﬁfiﬁl‘h
. - Only one egg is deposited by the same Cuckoo in the

~same nest. It is possible to explain‘this fact by ilmagining

the result if two eggs were laid in, say, 5 nests. Since

the first instinctive action of the young Cuckoo when hatched

1s to throw out all the other contents of the nest, his own

brothers and sisters would go overboard.along with the rest.

‘The result at the end ofsthe'Season,would be five Cuckoos.

. The manner in which the Cuckoo deposits her egg in. :
the nest of her host has frequently been discussed, but the
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- indisputable evidence that Cuckoos. may carry away'the:dupe's

manner in which she lays her eggs in inaccesSiblé.nestS‘
still remains a matter of speculation. However, in the more
accessible nests, such as the cup-shaped structures of some
birds, the .Cuckoo lays her eggs directly in the nest. . This
requires only about eight seconds.. The astonishing rapidity
with which .she lays her eggs causes less likelihood»of being
discovered in the act by the host. . In this way there 1is less
chance of the foster bird forsaking her nest after the Cuckoo!'y
visite o0 o : 3

. There seems to be ample evidence that in many instances
the egg is laid on the ground, transferred‘toathe:b111;~and3
in this way . is taken to the nest.. This wouldiséém.ﬁo be
the method generally used where it is difficult»drsimpOSsible

for the Cuckoo to enter. or sit on the nest.: There is = %

egg in their bills, so that there may be a question-as to

the identity_of.the_egg being transferred. On the: other hand,
one might ﬁse,the argu@egpAphat,if the Cuckoo is able to
carry,someone~else'S'egg it 1s,quite—capab1e of carrying its
own} STR TR |
Others suggest that the Cuckoo, while clinging to the
side of a domed nest, or the openingnof a hollow)limb5“might .
bring its oviduct to the nest-entrance and'in:thiS'wayfde;fwﬁ
posit her egg;~_It has even been suggested that.the Cuckoo
may carry her egg from the ground,to the nest of her dupe in
her claws. - This 1s very questionable since the flight of
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~ the.Cuckoo is rather awkward and there would be difficulty

in controlling it in such a way as to make.a successful
landing without breaking the egg. Furthermore, it is .-
gquestionable that the Cuckoo possesses a sufficiently pre-

clse sense of ;ouch,in its claws to enable it to perform

this exacting achievement.

-~ The Cuckoo has the habit of removing one of the dupe's
eggs from-thelhest in exchangelfor,itsvown and innsome:caSés
the instinct .is so strong as to bring about the removaliqf U‘
two eggs from,the nest. This habit prooves very beneficial
in that it enhances the acceptance of the.parasitlc eggs,and
in this way they stand the best chance of survival. .

.;;The;methods.ofyremoﬁal vary; but a more common meﬁhod

is to carry the egg away in her bill. Other Cuckoo females

1merely push.the eggs over the sides of the nest, where they

dropftoythe ground, - On rarer occasions they have been
known to swallow the dupe's egg, leaving no trace of it in

the nest,  More frequently, eggs are merely pierced, but

this:may‘be un1ntentional and caused by attempts to lay.

eggs.in the nest. .
Elliot (1930) .found a broken shell of a Cuckoo's egg

beneath a Pied. Wagtail's nest in which was a still warm egg,

of a Cuckoo but no. eggs of the Wagtail.~ He has the following
to say . in this connection'- "Although the Cuckoo's eggs |
were of similar type (possibly related birds) one was of a
more greenish tinge and distinctive, and I do not think the
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same female Cuckoo has ever been recorded laying twice in

;the\same:nest;T»Noatrace of the contents of the first egg '

could be detected in or about the nest and no doubt, as is

usual it had been,CIeanly‘swallowed;fat-times,;byApepsonal
obServation,quknow this removal takes plaCeISubsequent:to |
layingeeevesseaesesOn may twenty-third two eggs of thel =77
would-be fosterers had been lald in the company of the egg
of theﬂCuckob, and on May  twenty-seventh I found a usual

full clutch of. five eggs had been laid by the Wagtail,  which

1s in favor:of her not having commenced laying until after'

the laying of the second Cuckoo. The egg of the Cuckoo had
disabpeanedfbututhe.dried'yolk;bf a broken egg adhering to |
several others was in evidence. This fact raises in one'!s '
mind the query:: Did the Wagtail remember”the-premature SRR
laying in her 'nest and: subsequently distinguish*the‘intruder's

‘éggffér,removal?as‘is undoubtedly doheAby some unusual' foster

parents?m. i ot o |
-{;tAnbther§very.remarkable thing'in the paraéiticflifeiofrf
the:Cﬁckoo*conCernsrthe;colcration'of the-eggs, since the
1atter;showza»remarkable range-of‘coloratioh correspbnding%yﬁ
to the number.of birds used. as dupes. ‘Moreover, thé eggs " i
ofaeach.feméle‘arérall*of,theﬂsame»type and bear a more or
less cldse,résemblance.té the eggs of the"hostTSpecie51T$%'
Wheﬁ}thistbesn!t hold true it is probable that the Cuckoo

was‘unable?foffind a nest of her;nofgal host and was' forced

to lay in the available nest.
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Thé;eggs.laid,by the‘Cuckoovare\remarkably_small in
proportion to;the_sizé of the b;rd.: Here, again the law 6f‘
survival ma& be the: explanation..  Since the female ‘has to -
wait for a fovorable opportunity to deposit her egg, 1t is
conceivable ‘that.the smaller the egg in relation to her::
size the more easily it can be retained until a suiltable nest
can be found,. ol oo RRELY

1Moreover,;theleggs are extremely thick shelled. © @

Swynnerton (1918) writes as follows concerning this fact:

Mt is: just.as conceivable, again--the point could be tested

experimentallyé-thatxthe thick shell of a Cuckoo!s egg,
explicablewIwbelieve as a result of the-reductiohninssiZef“
withoutra,correspénding reduction in the amount of lime used,
andfuseful'as‘enablingwit»to be carried about, may;also pro-
tect it from: being pilerced by such weak birds as: Warblers..
<ises.and that’ this, with the difficulty of handling it

,otherwise;awhich-must ‘be experiencedkby such small_birds,

may account .for the Cuckoo's egg.being so often left deserted
in ‘the nests of Wrens, Willow Warblers, etc." |

o} Théuincubation;periodklastsﬂfrom twelve to thirteen days

and under normal ‘circumstances (where the egg of the parasité

- starts on equal terms with the eggs of the hos) the young

Cuckoo is the first.to hatch.  When the young Cuckoo first
breaks out of the shell it is naked, blind, an.ugly squat<
shaped creature ofrf1eshy hue whose body is remarkably large

for the size of the egg.
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"" When but'a few hours old, the young Cuckoo seems to

anticipate the need of:the undivided attention .of its foster.

parents;*for.it musters up enough strength to eject its¥fos-

ter‘brothers;fand“even young members of 1ts own species from

‘the nest.  Hindwood (1930) watched a Cuckoo, thirty hours-

old;*blind;*andtutterly-devoid.of feathers, eject the young
of a Rufus .Fantail from‘the nest. . The.Cuckoo "struggled un-i
til the smaller and helpless Fantail was lodged.partly on.

its ‘back :and -partially against the nest,d:ThQn vigorou%ly
backing,.the;Cuckooogradually;workod,its:way‘upwardS'with

its back to .the steep, sloping side.. During the early.. .-,

Stagessoffejectment:the neck of the .Cuckoo . was stiffened so

that ‘its head rested against the bottom‘ofgtheenest,gthué
giving thexéﬁpport necessary for attaining the initial:. .
position;nlLater;when;nearing‘theorim of the nest;  the neck.:
and head hung 1limply downwards and in no way helped the: . «:
Cuokoo,ewhoseﬁbooyfwasssemi-upright, with.the rump still::
pressed»againstitheiﬁall..;;..;.....Throughout@the»extra- ~
ordinary act;the>wings;of:the,Cuckoomweregoonstantly»iﬁ |
motion: and. 'bent:backwards to:keep'the;hapless:Fantail;invrw
place, but it was not till the concluding movements: that they

became the: paramount factor. Finally with considerable ex—

‘ertion, and;when;the-Fantail_rested“onhthe,rim;of;the;nest

it’was pushed“over'after“which the murderer moved its wings

about for a: few seconds before reclining."

‘i_Chance;(1922),}1nfh;srbook entitled n"The Cuckoo!s ...
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7 Secretn,ghas,an,actualephotograph of a most amazing feat: : -

1 a yoﬁng‘Cuckoo‘ejecting a Meadow Pipitts egg while the female

Meadow Pipit 1s.on the nest. . Strangely enough,. the Meadow

Pipit takes no apparent notice,and\evenAliftsfherself up to

allow}the young -Cuckoo a.greater,range of activity. Is it
possible thatfsuch“actions.have evolved from Cuckoos, that

once knowingly .threw out the other young.or .eggs in the nest,

to present stage. where all movements are .controlled by in—;;#

herent impulse? .

The young.. Cuckoo's growth is rapid and within three

days 1ts skin has blackenéd. . Shortly after this the feathers

begin to BTOW. : . After remaining in the nest for three weeks
it«leaves,gbut,isustill fed by the foster parents. The - .
festervparentsimay even cater to the insatiable appetite of .
its,change;ing,for.atperiod_ofvthreeaweeks after it has left
‘the nest., It will remain'for hours on. its perch and keep up
an incessant. wheezing note until its foster parents return
with: some morsel which it. snaps up. with a gaping. mouth. Ty
< The attitude of the foster parents regarding their

foreignwgrfspring‘;srfar‘fromvbeipg.oneﬁof,distaste for the
youngrcﬁckoo,walnﬂfact there seems to be more demonstration
anﬁ;activityﬁabout a.young. Cuckoo. than about the legitimate
young.»»Thisfis probably due .to the,incessantrdemandkforggg
food which ‘exceeds. that. of. the host!s young in lustiness.

Heteronetta atricapilla, a rare duck,. found in the. .

basin;of.the“La¢Plata»and in Central Chile has recently-been
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described as being the only social parasite among the Anatidael

‘due to the’ fact ‘that the specles is- extraordinarily para- '

‘(Pardirallus),,and,even the Chimongo or South Carocaro Hawk
but a later. writer (Daguerre, 1920) has discovered that these
'parasitic eggs are slightly different from those of the:

.surface, ‘they are also thicker and more blunt.A Most con-

-vincing.is,hisostatementlthat these supposed Rosy-bill eggs

'Ruddy-duck, Redhead, Shoveller, and others, which sometimes

such”indiscriminate.depositionvof eggs in the nests of other

" In discussing the breeding habits of this Duck, Phillips
(1920) says: ' "It 1s very extraordinary that no nest of
this species has ever been found, or at any rate described.

This gap in our knowledge of the bird's life—history may be

sitie, depositing its eggs in the nests of such.birds as”““ﬁ
the Coscoroba Swan (c oscoroba),. the Crested Screamer (C huana),
the South American Limpkin (Aramus), ‘Gulls (Larus), Coots
(Fulica), White-faced Ibises (Plegadis), Black Rails *'

(Mil¥ago chimongo).' 'Eggs found in such. Situations"were?at"
first attributed to the Rosy-billed Duck (D. Rodriguez, 1918)

Rosy=bill,~being ‘more whitish with a very finely granulated

arezidehties1TWith a métureiegg:which was taken from the
oviduct of a female of the Black-headed Ducks.m =~
** Friedmann(1932), in explaining the development of the

parasitie habit of Heteronetta, considers the cases of the

drop eggs in the nests of other ducks or coots, while at’

other times they build.very poor nests of their own, - With




79.

R

ducks, ‘it was not surprising when one of the Anatidae,

Heteronetta atricapilla, was found to be entirely parasitic.

“'It was found that the Ruddy-duck (Erismatura oxgura),
ﬁhiéﬁflaysvaSt often in the nests of other .birds, has the
largest egg -of any of the Ducks except Heteronetta which
also lays a relatively large egg for its size.;;The,eggs of
both are usually larger than those of the owﬁers~of~the nests
in which they lay. Furthermore, it has been shown that they
incubate but little after the first few days, which,éuggests
that the éggs may allow development of the embryo even under
adverse conditions. | |

5~"’*:]:f"t;11is'.is"thé,case,’ the €ggs possess heat-retaining,
br‘bqrhaps heat-generating, properties which.are. correllated
with the size of the egg, and both are possibincorrellated;;
with the parasitic habit. ' However, these heat-retaining
properties have not been experimentally demonstrated in the
‘case of Heteronetta, but Friedmann (1932) believes there are
‘two ‘alternatives to be considered. "If ﬁhey are not heat -
Wadéptive;'then the.parasitiéuhabit‘is the sole cause for the
‘survival of ‘the species, for eggs, unable to cope with - -
‘thermal difficulties, are laid in nests where they are un-
cared for, as in the tdumping nests! (nests in which-large -
numberS“éf‘eggs are deposited but apparently not incubated).

-1f. however, they are laid in nests where they are given in-

VCubation of some.other bird, they will have a'good‘chance to

‘hatchyout."IfAthey are able to cope successfully with the

]
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the;mal_difficulties.atténdant 1n,themlackrof~regu1ar,incu—
bation, then the parasitic habit is due merely to. the loss .
of the nest—bﬁilding‘instingt, as Eﬁezegggwwog}gﬁggt along
in ﬁncaredAforvnests Just as well as in others where theyl
receiﬁe incubation., If the~eggs.wére,laidhin uncaréd for .

nests, that is éld,or‘abandoned,nests, the birds could:

hardly be called parasitic.  Whichever of the two possi-i.. .

bilities 1s correct however, the fact remains that the

Heteronetta appear to have,lost the nest-building habit."
s,The;facﬁ that the females carelessly lay eggs in.other .

nests. demonstrates that the territorial,boundaries are ‘in-

definite. Moreover, when ducks are hatched,. the ~parents -

take them into the water and‘territorial.limitations;are com-

pletely“forgotten.wiTherefore.whatever territorial limitation
there 1s lasts only as long as incubation. EEE
- As in the case ‘of Heteronetta, a few of the African. -
Weaver-birds have quite recently been shown to be parasitic,

but as yet comparatively 1little has been written_abcutwthem.

‘y;dua macroura and Vidua serena are definitely known to be

parasitic but there is still some question about Anomalospiga

imberis.¢ \

. It seems. that there exlsts a general tendency among.:

'the Weaver-birds (Ploceidae) for two females to lay in ‘the

same”nesp.ﬁiGranvik (1955),,in‘describing,the nests of ;|

Plocepasser mahali, explains: "Most of the nests contained

only two eggs. In two-cases I found four eggs but the
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different. shape and color show distinctly that two females

had used the. same nest.% He also found four or five eggs in

a}nest'belenging‘td PleéiositagraVvitellina“uluensisthere, B

as a rule there are only three eggs. Here again, it is' '
evident that two females used the same nest. It is possible
that this occasional deposition of eggs in the nests of *
other females has’led~tojtrue»parasitiém'among other members
of the Ploceldae. = . - ¢ By

. 0f Vidus ‘serena,  the Pin—tailed Widow-bird Roberts '

(1917)5wr1tes$*‘"1'am positive from my numerous observations

that this bird never builds its own nest but deposits its

eggs in the nest of some other bird, by whom they are incu-

bated and the young birds reared. I have known it to leave
1ts eggs in the nests of four species of Finches, those being

the Common Waxbill (Estrilda astrilda), Dufress's Waxbill

(Coccopygla dufresni), Ruddy Waxbill (Lagonostica rubricata);
and the Red-collared Widow-bird (Coliuspasser ardens);fthe

first three of which are smaller and the last rather larger

than the Pin-tailed widow-~bird."
The parasite may lay ‘more than one egg in a nest or may

replace the whole clutch of ‘the. owner. When depositing her

eggs it is evident that the Widow-bird destroys one of the.
‘owner's eggs for every egg of her own. Like Honey-guides '

'howevef;5the youngaparasiteS»do not eject their young foeter .

brothers from the nest but grow up along with them.
- The Honey-gulde family‘(Indicatoridae) is not a large




one, comprising only five genera; and about twelve species,
two of which are found in the Oriental region, and the re-

mainder,in.Africa.southﬁof»the Sahara..  Of. these a few species

are-parasitic:fuIndicator?indicator,;rangingvfromhthe{Cape

Colony to Northeast Africa and across .the. Sudan:to Senegél;

Igdicator.variegatus;_the:ScalyethroatednHoney—guide*bf east

and south Affica;ﬁand Indicator mihor,(the.lesser‘Honeyaa~£n

guide),: Indicator major . (the Yellow-throated Honey- guide),-

and Indicator sparrmani . (Sparrman's Honey—guide), generally
distributed through South Africa...

. TheaBlack-throated,Epney—gﬁidé;(Indicator_indicator),a. 
the:commoniAfricanwHoney-guide,wresemblesmthe:Cowbirdéaaﬁd
CuckOOS‘in~its»parasitic habits yet‘itwis-not;relatéd.to |
these birds but to the Woodpeckers. Moreover, it deposits..

. each -of its white eggs:in the nests 'of .Barbets which,. 'like

Woodpeckers;snest‘in“caVitieS‘of?trées.ifAccording=to'Chapin,

(1924):* ‘"Whenever possible the adult Homey-guide breaks.

the legitimate eggs, 1t is said, and when the young is:found,

it‘is~a1ways the sole occupant of the nest." However, this
fact might*be9e2plained by the‘ejectionnof«the*young*roster 
brothers from ‘the nest by the Honey-guldes,: @ .. . 7% Bwiln
'Héagneri(1907)fha§‘taken photogréphsfof~young;nestling
Huney-guides ‘which show the. extremities and lower mandibles
furnished: with a: pair of hooks, which are hard, strong, ‘and.

very. sharp. fHeﬁsuggestsvthatﬂthesefare.used in‘ejectingfthe

young of the rightfu11¢wner from the nests.: One can easily .

L
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see~the’damage'that.might be done:by the firm. grip of -these:

' hooks which overlap in a way to.assure.a«strong.hdld.g These

hooks apparently fall off when the .bird becomes an adult.

Haagnen descr1bes'them§as being:recurved;appendages which: .

'are:ﬂsemi-tranSparent'and,appearqto,be<an;exaggeratiohjpf ‘

the shell-breaking scale which occurs on the beaks.of - ...~

chickenSA—this;being‘epiblasticﬁin.origin,mwhereas_the:teeth :

of Odontornithes and Archaéopferyx wereftruefteeth and con;,¢h~

sequently partly epiblastic and partly mesoblastic in origin.*
MLt will thus be seen:that the teeth. of the ancient .
reptile-like;ancestors.of,mbdern»bird”life,gandhthe,progecf,;
tions on the-beak. of the nestling¥Indicator;,are in no way_w
related;“consequently;itudoes»not-appéar;togbe a case..of . -

reversiongyand would seem more after. the nature of a subse-

" quent development engeniered by .the bird's habits of life,"

Suppqrting this theoryéithhe.gv@dencg;thatpamongvth¢sef;

Honey-~guides that are not paraSitic,~such;as,Melignothis;s‘

,conirostris and gglichneutes robustus, -these hooks do not.

~

appears.. Grledlann nolerel b @a~:w T

There: still seems::to . .be some : question as:to whether

" Indicator‘variegatuS‘is;parasitic~but Haagner-(lQO?)atells; o

_of: seeing a young: bird .in the nest-hole of . the Diamond -

Sparrow,(Petronia petronella).. Sclater and Moreau: (1952)

- record a'casepwhere-one,was;fedgby;Dendropicus~1afresnayiu3;_

,hartlaubii,'whileJa,native,colleétor reports“having,watched

a Mescopicos grisecaphlus feeding a young Indicator variegatus
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side by side with its own fledgling on a branch in the Amani

forest., "He also noted that the two young birds were: uttering
similar hunger calls., = ' ' v

- The Honey;guide31are7very7persistent'in their attempts
to usurp the nests of other‘birdsuenthheyfare,geherally"
fiercely attacked by the"own'efs'.j In one case the Honey-guide,
which had flown to the}nest-hole“Of'a”Batbet;VwaSWOppoSed by

"the male which was later‘jOined‘by»the'female;“and”the intrude

was successfully ousted from the hole., The Honey-guide came

back, however, in fivefminﬁtes‘and“thefseme’broeedure”wa5‘3
repeated over and over again for an hour, when the ‘birds were
shot. : Tt was found that an egg was actually protruding'from
the oviduct“of the Honey-guide. ~But once the paraeite has
entered the nest—hole, ‘she breaks the eggs of the foster
parents to make room for her own. & 7 o ST

It is: also interesting to note that, in general the
creamy white eggs resemble those of the birds usually
parasitized, as in thchase'of}the Cuckoos where the eggs ™~

vareispeckledwahd-éolorearlikeﬂthose*of the host sQecies.

‘\Many*theories'have’been‘advehoed“EOhcerning~theiorigin

of the parasitic habit’ among the birds." Since;ﬁin moét’céseé,

our knowledge of the characteristics and life history of the
various parasitic species is incomplete, it is probable that
no one of these theories will be able to survive in the light
of continual;aceumulation of additional ‘data. It might be

well, however, to present some of the leading current

L4
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hypotheses.. « .. = . il ; Sra \
.Pycraft (1910) is.the chief exponent of the theory that
the‘sourcémofrthevparasitic habit lies in:the polyandrous
condit;on,whichwall.parasitic»birds‘are.supposed"ts;exhibit.
Concerning,th155theory he]asserté:;~"Thét‘parasitism 1s due
tb polyan@ryg-and_to a less extent to polygyny--we believe
is.almost certain... And.this.because such sexual relation- ..
ship.tends:inevitably to lower the parental instincts, just
as monogamy ten&s.tofstrengthen fhém. Among the polygambus

game birds,there,arewnot.wantiné.sings of degeneracy;in,the;_.

_ parental .instinct. Thus the males commonly leave the care

of*their4off5pringyentire1y‘to the females, which indeed, ”‘
ofteh_havewtoiguérd,themsfrom,the;violence of-pa:ental‘-w'~
jealousy, while two femaies;willﬁfrequentlyushare;a;commbn
nest,»a.éustomhwﬁichwofferS';n;easy means.of.shelving»fw
responsibilifyfaltogether,:as;in:the case of parasitic

species." .

: gaWhilejthissreasoningvmaykhold,true;when.applied~to\some
‘ species,»it:isievidentpthat*theatheory breaks.down when |

applied;to.Viduaﬁmacroura,,parasitichfrican‘WEaverQbird;_,;

which is striet;ywmonogahous, and to the Cowbirds, which tend

‘to be monogamous. .. In fact, -in theﬂlattergcase,fwhat promis-~.

culty. does occur,,appears‘tnge;a-result[ofgthe~parasitiq;;_
. Chance (1922), a student:of the Cuckoo problem, wisely

avoids the issue. In the statement, "How and why her para-
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siticuhabiteoriginatedeis,,ofgcourse,éprqpabiyzinsoluble,
and I have no intentioneof'theorising:abouteif," he suggests
the futility of attemptingwto;find:aesolutioh;f However, .
Allen (1925) was among'the,firstwtowrealize;that,socielfey~
parasitism has been acquired*in;differentewaysnand‘that no:
one ﬁheery is enough to explain the:benomenen,@ He comesatei;
the conclusion that "one must be'prepared to: find that this
habit has been acquired in'more_tbanyone(way,3and indepehdent—
1y in the .groups mentioned." .}_“ e ‘ :

. There are two general. theories that .the parasitic habit
was origina11y<caused by an.eggernalﬁstimu;us. The first.
points out. that there are birée that¢can_beminduced to ;} w
ovulate and lay eggs by;ertificial means, . .Examples of-this
phenomenon can be seenqinﬂthevfact'thatﬁa“neet egg may iwm,
encourage a hen to lay; and that certain doves can be in-: .
duced to ovulate by a constant caressing of their heads and
necks. - It is probable then,: that among the:Ducks, the habit
of pepesitism?had-its 1nceptioniwhenwthe stimulus-—the sight .
of a nest with eggs resembling;their-own—ebrought,about.the,y
reSpense-—the,addition of eggs’te the nuﬁber already 1in the
nest..;a . L | k

- The- second theory . in this group is that the habit merely
arose from the very close relationship between the parasitic
bird and;itsavictims,,as‘well,es;a,resemblance.bothuinv,vgjyA
appearance of their eggs_énd%in-the\etylegof the,néstﬁeach

originally constructed. This hypothesis can be applied - ..

e T T ey
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'successfully to‘the Honeykguides,ﬁwhich parasitiZe hole-

nesting species——Woodpeckers and Barbets.

Herrick (1907) suggests that tne habit may have origi~
nated with the maladJustment of egg—laying to nest-building
so that the eggs were ready to be laid before the nests had '

been built. In accepting this conclusion he points out that
"The door 1s thus opened wide to parasitism in. its initial o

stage, Whenever the acceleration of egg-laying or the retar-'
dation of the nest-building instinct becomes common, with or’
without irregularity in the egg—laying intervals. He“
applied this idea both to the Cowbirds and to the Cuckoos.’ﬁ
If this is the case social parasitism of birds is of a

very ancient origin, having become characteristic,of many

~of the Cuckoos before there was evidence of any demarkation

from the parent stock. Among ‘the Cowbirds and. some Cuckoos,

however, the trait is ‘more plastic, for some species still

!retain the nest-building instincts.‘ The fact that female
mCuckoos pick up and hold pieces of straw for over a. minute
fduring the courtship may be reminiscent of the time when they
.built their own nests. | ”

The Cowbirds exhibit an evolution from normal nesting '

'through partial nesting to the complete parasitic habit..
fThis is not the case among the Cuckoos, of»which there are
‘cbut two normal nesting species in America, and the subfamily
yCentropodinae (Coucals) which have not reached complete

parasitism. Therefore the habit must have descended from some
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Hit is likely that this was the primative condition of the Cow-

,did nest builders' the life histories of the various speciles

| parasitic and inasmuch as the Screaming .Cowbird. is a direct

ancient stock for all other members of the family have reacheq
complete parasitism. ‘ e T TR S RO

o Friedmann (1929) discusses at length the origin and the
evolution of the parasitic habits, particularly. those of the ‘
Cowbirds. He gives several reasons. for believing that the
original condition was not one. of parasitism° most birds of

the world possess nest—building and brooding instincts so that
birds, all the other members of the family Icteridae are splen-

of Cowbirds give evidence of the evolution of parasitism; the
fact that they are now fairly monogamous indicates that they
were. monogamous and nested in the fashion of all.monogamous,
birds, the most primative of the present Species is the Bay- -
winged Cowbird which is not parasitic._“t~it S T

J Accepting this conclusive. evidence that normal nesting
was prevalent among_primativenCowbirds, we<mustrseek the
method whereby the original habits were. lost. Friedmann i
(1929) believes that the immediate cause of the.origin of .
the parasitic habit in the Cowbirds was. the loss of the pro-
tecting instinct of the male. In explaining the loss.of
this instinct he says- "Inasmuch as the Bay-wing is non—mhftv

off—shoot of this stock 1t seems probable that originally the
latter species was also non-parasitic. In, other words the ...
change from the normal to the parasitic mode of reproduction

occurred within the racial history of Molothrus rufo-axillari&

e e e

|
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 Assuming that . in most ways the«originaiuhabitsicf the .

Screaming Cowbird were similar to those of the Bay-wing, we

should -suspect..that the birds tried to breed in the nests of
Ovenbirds, Woodhewers, etc., but tried to do so-.early in the
season. . As elsewhere indicated‘the;struggle”for the nests
is much greater.early.1n;theiseason than,later.on, and,thes,”
Screaming,cewbird,.handicapped;hereditarily by a weakened
territorial instinct, probably could not succeed in this

struggle._ We have seen that sometimes Screaming Cowbirds

‘establish territories in the spring, occupy them for con-

Siderable'periods,»and‘then desert them wlthout ever having.

utilized them, This indicates very strongly that the weak-

~ ened territorial instincts of thermale are often insufficient

to maintain their'inflnence long enough}to 'make connectione'
with the‘somewhat,mcmnvernalndevelOpnent of the egg-laying
instincts of the female. 1In this lack of attunement be-
tween.the.territonial instincts of the male and the egg- -
laying instincts cﬁ‘thehfemale;the parasitic habit probably
had its origin. This lack of attunementseems7tc have been |

caused by the diminution .of the protecting territorial in-

'.stinctsfof the ‘male and this diminution seems in turn to have

been'started by the reversal of the. territorial'and'the nest-

.building instincts in.the stock from which the Screaming Cow-

 pird . evolved n-

: The Cuckoos have ‘never. had a. very highly developed nest—

building habit and it was, therefore, comparatively easy to

» .
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1ose; The Indicatoridae (Honey guides) represenﬁ the same
condition as. the Cuckoos. Among the Hang~nests (Icteridae)

and the Weaver-birds (Ploceidae) the nest—building instincts

are, developed to the highest degree, and of these’ two groups

but a few species are- parasitic. “The change here, then, SOk

has been an- internal, physiological change and not an exter-’

nal or environment change.
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