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RAIDING BEHAVIOUR OF TWO SPECIES OF SLAVE-MAKING ANTS,
HARPAGOXENUS AMERICANUS (EMERY) AND LEPTOTHORAX
DULOTICUS WESSON (HYMENOPTERA: FORMICIDAE)

By THOMAS M. ALLOWAY
Erindale College, University of Toronto, Mississauga, Ontario, Canada

Abstract. The slave-raiding behaviour of Harpagoxenus americanus and Leptothorax duloticus is com-
pared. In both species, raids follow ‘scouting’ by individuals or small groups of slave-makers. Single
scouts return to their nest to lead a raiding party. Groups attack host-species nests at once, with or
without recruiting additional raiders. Raiders usually guard the entrance to the raided nest, preventing
wortkers from escaping with brood. L. duloticus raiders kill most adults in raided nests, but H. americanus
raiders kill very few such individuals. H. americanus raiders always and L. duloticus raiders usually
transport the raided colony’s brood back to their own nest. However, L. duloticus colonies sometimes

emigrate into raided nests.

Slavery in ants is a form of social parasitism.
Slave-making (or parasite) species conduct raids
against nearby colonies of other closely related
slave (or host) species. During these raids, the
slave-makers overwhelm the adults in slave-
species colonies, capture their brood, and

transport all or part of it back to the slave-

makers’ nest. Young slave-species workers
emerging from the captured brood form a
social attachment to the slave-makers and the
other slaves and join in all aspects of labour in
the parasite colony. Indeed the social attachment
of the slaves to the slave-makers often becomes so
complete that they even accompany the parasites
on cxpeditions against other colonies of the
same host species.

This paper presents a detailed comparison of
the slave-raiding behaviour of two species of
slave-making ants, Harpagoxenus americanus
(Emery) and Leptothorax duloticus Wesson,
A comparison of the behaviour of these species
is especially interesting for several reasons. First.
these slave-makers are generally considered to
be rather closely related (Wesson 1937, 1939;
Wilson 1971, 1975). Moreover, they enslave the
same threec host species (L. ambiguus Emery, L.
curvispinosus Mayr, and L. longispinosus Roger)
while coexisting sympatrically over a wide area
in eastern North America. However, they show
large differences in morphological specialization
for their similar modes of life. H. americanus
possesses a number of very obvious morpho-
logical modifications that seem to be adaptations
for its parasitic existence (Wesson 1939; Wheeler
1910; Wilson 1971). In contrast, L. duloticus
shows only a few quite minor uanatomical
peculiarities that may be specializations for

slave-making (Wesson 1937; Wilson 1975). Thus,
if morphological and behavioural specializa-
tions are correlated in this group of ants, we may
expect that a comparison of the behaviour of
these two species will throw light on the probable
evolutionary history of slavery in Leptothoracine
ants. However, although previous investigators
(Creighton 1927, 1929; Sturtevant 1927; Talbot
1957; Wesson 1937, 1939, 1940; Wilson 1975)
have studied H. americanus and L. duloticus
separately, no one has previously exploited the
opportunity to study their behaviour simuita-
neously under identical observational conditions.
Thus, the full potential for comparative study
has not been realized.

Materials and Methods

Colonies of H. americanus, L. duloticus, and their
hosts were collected during April, May, and
early June from hollow acorns and hickory
nuts and from hollow milkweed stems in
southern Ontario, Michigan, Illinois, and
Indiana. Colonies of ail species were housed in
artificial nests that were designed.to permit
observations of behaviour inside the nest as weil
as outside it. The base of each nest was formed
by the lid from a 10 X 30 mm plastic petri dish
that had been painted green. A small hole in the
side of the base served as the nest entrance.
Each nest was covered with a transparent red
Plexiglass lid into which a groove had been
milled so that the lid snapped firmly onto the

- nest base. For culturing and general mainte-
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nance, nests containing colonies were placed
inside larger 15 x 150-mm plastic petri dishes
that provided small arenas in which the ants
could forage. Colonies were offered a drop of
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water and a drop of the artificial ant diet devised
by Bhatkar & Whitcomb (1970) three times a
week. While in the laboratory, colonies were
maintained on a 15-h light and 9-h dark photo-
period and kept at a constant temperaturc of
2Ct+ 1.

Slave raids were observed in square plastic
arenas having an area of 2025 cm2 and a depth
of 6 cm. The sides and bottom of each arena
were painted green, and each arena was covered
with a tightly fitting clear plastic cover. Ficld
data indicated that these arenas were large
enough to simulate at least the minimum dis-
tances that occur between host and parasite
colonies nesting in acorns in nature.

The procedure for inducing and observing
slave raids consisted first of placing a nest
containing a slave-maker colony, an empty
nest, and a microscope slide with food and
water on it in an arena at least 24 h before
the commencement of observations. Immediately
before beginning observations, a host-species
target colony was put into the arena; and the
arena was placed inside a special table designed
in such a way that, with an arena in place, the
top of the arena and the tabie top formed a
level surface.

During the course of the ensuing interactions
between members of the two colonies, the ants
were observed either with the naked eye or with
the aid of a dissecting microscope and illumina-
tor mounted on wheels so that the whole unit
could be moved easily and swiftly around on the
surface formed by the lid of the arena and the
table top. The microscope facilitated detailed
observations of behavioural interactions and
permitted the precise determination of the species
of interacting ants. Microscopic determination of
species was often necessary since individuals of
L. ambiguus, L. curvispinosus, and L. duloticus
cannot be reliably distinguished with the naked
eye.

Observations began immediately after the
target colony had been placed in the arena
and continued for 6 h or until a raid had been
completed. Observations were terminated and
the interaction was considered to be a ‘non-raid’
if no slave-maker had entered the target colony
within 6 h after its introduction into the arena.

A total of 30 observations of interactions
between slave-maker and host-species colonies
was performed during late June and July; and
different colonies were used for each observation.
Each of the two slave-making species was
observed 15 times, each five times with cach of

the three host species. Thus. the study involved
a2 x 3 factorial design with an equal number of
replicates in each of the six cells formed by the
combinations of the two parasite and three host
species. C

The 30 slave-maker colonies used were
selected from over 100 collected. Only relatively
large, thriving colonies were employed. The
reproductive female in 12 of the 15 duloticus and
11 of the 15 americanus colonies was a dealate
full female. In one colony of each parasite
species, the reproductive female was an erga-
togyne (an individual with distinct ocelli but '
with a worker-like alitrunk); and in two duloticus
and three americanus colonies, the apparent
reproductive female was a physogastric worker.
In addition to the reproductive female, the
duloticus colonies contained means and standard
deviations of 1567 =+ 8:61 duloticus workers,
26-27 4 12-27 slave workers, 15-57 2= 25-75
pupae, 17-07 & 14-51 larvae, and 720 = 8:95
eggs. The americanus colonies contained 12-87 =
5-83 americanus workers, 38:40 4 24-99 slave
workers, 9-67 = 17-89 pupae, 13-40 & 13-22
larvae, and 10-40 L+ 7-39 eggs. Twelve duloticus
and seven americanus colonies contained slaves
of only one species, while three duloticus and
eight americanus colonies contained two species
of slaves. There were no statistically significant
differences between the two parasite species in
any of the demographic parameéters of colonies.

All target colonies were queen-right mature
colonies of their species. They contained means
and standard deviations of 1-83 4 1-46 dealate
females, 30-10 & 15-59 workers, 24-27 + 16-62
pupae, 31-47 & 21-05 larvae, and 22-53 & 18-63
eggs. There were no statistically significant
differences among the three species in the demo-
graphic parameters of colonies.

Results
Scouting and the Recruitment of Raiding Parties

The 30 interactions between slave-maker and
host-species colonies produced a total of 23
slave raids, 13 by colonies of H. americanus
and 10 by colonies of L. duloticus. In both para-
site spectes, raids followed the occurrence of a
behaviour pattern called ‘scouting’ (Wesson
1939, 1940). Scouting consists of slave makers
emerging from their nest and wandering about
in search of a host-species colony. Scouting
occurred on all 23 occasions when slave raids
occurred and on none of the occasions when
raids did not occur. On those occasions when no
raids occurred, the slave-makers simply remained
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in their nests, although there was always a good
deal of fighting between the slaves and the
workers from the target colony. Despite this
fighting, during the 6-h period allotted for a
raid to begin before the target colony was
removed from the arena neither the slaves nor
the target-colony workers ever mounted 2
concerted attack on the other colony’s nest.

Two forms of scouting were observed in both
H. americanus and L. duloticus. Workers of the
slave-making species may scout as single
individuals that move completely independently
of each other, or they may scout as small
groups of two or more individuals that move
more or less in concert and stay within 2 to 3 ¢cm
of one another. During group scouting, two or
three slave-makers may be accompanied by one
or more slaves. Group and individual scouting
may also occur simultaneously; and individual
scouts sometimes join groups that they happen to
encounter, while group members sometimes
stray from the group and begin scouting on their
own, The mechanism by which groups of scouts
maintain their cohesion is unclear. The groups
seem to have no leader, and none of the group
members engages in the conspicuous pheromone
trail-laying or trail-following behaviours des-
cribed below. Moreover, within the groups the
members show a considerable amount of
independent movernent. For want of a better
explanation, I speculate that the group members
maintain visual contact with one another.

The two forms of scouting were followed by an
extremely variable sequence of events once the
slave-makers had discovered the target colonies.
Indeed, the sequence was so variable that no
two slave raids were really alike. Nevertheless,
it was possible to categorize these behavioural
sequences into four basic recruitment techniques.

(A) An individual scout discovers the target
colony, explores it until it has discovered the
colony entrance, returns to its own nest, and
leads across a raiding party of slave-makers or
of both slave-makers and slaves. While exploring
the vicinity of the target colony, the scout may
encounter target-colony workers and skirmish
with them. However, lone scouts never try to
enter target-colony nests. After locating the
entrance to the target colony, the slave-maker
quickly leaves the vicinity of the target colony
and returns to its own nest via a reasonably

direct route. Since the return of a successful -

scout invariably causes a great increase in the
general activity level of the entire slave-maker
colony, an increase not seen after thc return
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of an unsuccessful scout or of a slave that has
just discovered a food source. it is possible that
the scout secretes a general alarm or excitement
pheromone. However, no characteristic beha-
viour associated with the sccretion of this
hypothetical pheromone was observed. Then,
after usually less than 1 min, the scout returns
to the nest cntrance, halts, extrudes its stinger
while bending its gaster sharply downward so
that the stinger touches the substratum, and
begins to move forward out of the nest dragging
its stinger along the substratum. That the scout
is now very probably laying down a trail phero-~ -
mone is indicated by the fact that it is immedi-
ately followed by a single file of slave-makers
and sometimes slaves that adhere to the leader’s
path exactly while antennating the substratum
more or less continuously. Trail-laying duloticus
scouts move with a slow, halting gait strongly
reminiscent of that of a Leptothorax host-worker
leading another worker to food via a tandem
run (Moglich et al. 1974). Trail-laying americanus
scouts move faster. Finally, upon reaching the
target-colony nest, the raiding party attacks it as
a group. This technique was described by
Wesson (1939, 1940) as being typical of both
H. americanus and L. duloticus. However, in
the simple form described, I have observed it in
only one duloticus and three americanus raids.

(B) A group of three to six scouts discovers
the target nest. Some of them. begin to attack
it at once, while one or two return to the home
nest to recruit additional raiders. Both the
scouting groups and the recruited reinforce-
ments may consist of slaves as well as slave-
makers; but a slave-maker always leads the
additional raiders in a fashion identical to that
of a lone scout returning to lead a raiding party.
This technique was observed in six americanus
and three duloticus raids. :

(C) A group of scouts, which may include one

-or more slaves, discovers and attacks the target

colony without any reinforcements being
recruited until after the target colony has been
defeated. This technique was observed in three
americanus and three duloticus raids.

(D) A single slave-maker discovers the target
colony and returns to its home nest sometimes,
but not always, after discovering the entrance
to the target nest. The scout excites several of its
nestmates to begin group scouting., However,
the scout that has discovered the target nest
does not engage in trail-laying behaviour or
¢ven necessartly join the scouting group. More-
over, the scouting group seems to move more oOr
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less at random without showing any indication
of ‘knowing’ where the target colony is. Never-
theless, the group eventually discovers. attacks,
and defeats the target colony without recruiting
reinforcements. This technique was observed
in one americanus and three duloticus raids.
Efforts werc made to correlate demographic
characteristics of siave-maker and target colonies
with the use of the different techniques for
recruiting raiding parties. However, owing very
likely to the small number of raids observed, no
significant patterns of demographic differences
emerged among colonies employing the different
techniques; nor were there any statistically
significant differences in the use of the techniques
by the two slave-making species. ‘

Attack Strategy, Figliting Tactics, and Casuaities

The next stage in a raid is the attack on the
target colony, during which the raiders kill or
drive away the target-colony workers and repro-
ductives and capture as much of their brood of
pupae, larvae, and eggs as possible. The attack
behaviours of raiding parties of the two parasite
species manifest a number of basic similarities
as well as a number of fundamental differences.

In both parasite species, the slave-makers and
their slaves (when present) attempt to gain
entrance to the target colony as quickly as
possible either by force or by somehow intimida-
ting the target-colony workers. Once inside, the
slaves (when present) attack the target-colony
workers by biting and stinging them, while the
majority of the slave-makers continue either to
attack or to intimidate the target-colony adults.
However, one or two slave-makers usually
remain just inside the colony entrance and engage
in what I shall call ‘entrance-guarding’ behaviour,
a behaviour in which slaves aiso sometimes
engage when they are present. Apparently, the
function of these entrance guards is to prevent
the escape of target-colony members with pieces
of brood. Since the attack of a raiding party
always eventually causes all uninjured target-
colony workers and queens to attempt to fles
with pieces of brood, the efficient functioning of
these entrance guards is a crucial aspect of the
attack strategy. If the entrance guards perform
this task inefficiently, the target-colony workers
and queens do in fact escape with a considerable
portion of their brood. Iln the laboratory,
where the target and parasite colonies were
confined in an enclosed space, such escapes
made little difference in the long run; the slave-
makers always managed to secure all or almost

all the target cotony’s brood eventually. However,
in naturc it seems likely that inefficient entrance
guarding might resuit in the parasites’ perma-
nently losing a large portion of the target
colony’s brood.

The efficiency of entrance guarding varied
greatly. In six americanus and eight duloticus
raids, the entrance guards prevented the target-
colony workers from escaping with more than
three or four pieces of brood. In the other two
duloticus raids and in five americanus raids,
entrance guarding occurred but was less efficient,
with the result that the target-colony adults
escaped with up to 1/3 of their brood. Finally,
in two americanus raids, no entrance guarding
occurred during the attack by the raiders. The
target-colony adults escaped with more than
1/2 their brood in one instance and with almost
all of it in the other.

Since raiding parties of both parasite species
enter the target nest en masse and engage in a
division of labour in which some raiders attack
or intimidate while others guard the target-
colony entrance, the attack strategies of H.
americanus and L. duloticus may be regarded as
being basically -similar. However, the actual
fighting tactics of the two species are vastly
different. '

Workers in target colonies tenaciously resist
the incursions of duloticus raiding parties, and
the duloticus respond by biting and stinging

-every hostile target-colony worker and queen

encountered. The result is an extremely fierce
battle during which large numbers of target-
colony members are stung to death. In 6 of the
10 duloticus raids, at least 759 of the target-
colony workers in their nest at the time of the
attack were killed almost immediately. In two
duloticus raids, between 30 and 75% of the
target-colony workers present were killed; and
in two duloticus raids (the raids in which the
duloticus manifested inefficient entrance guar-
ding) 25 to 509, of the target-colony workers
present were killed. Nevertheless, the ferocity
of the duloticus attack seems to be finely tuned
to the intensity of the resistance offered by
individuals. Workers and queens attempting to
leave the nest without brood and without
resisting the duloticus are generally permitted
to do so unharmed.

In contrast to the fierce resistance to duloticus
raiders, very little resistance is offered to in-
cursions by americanus raiding parties. Although
target-colony workers sometimes attack and are
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often attacked by the slaves that usually accom-
pany the americanus, the americanus workers
themselves are very rarely attacked. Something
about the americanus excites almost immediate
panic in the target colony. Moreover, although
target-colony workers at first pick up pieces of
brood and attempt to escape, an encounter
with an americanus entrance guard is usually
enough to cause a brood-laden worker to drop
its burden. Even on those rare occasions when
an americanus worker is attacked, it ordinarily
manifests no resistance apart from struggling
to free itself. During the course of 13 raids,
no americanus was ever observed to bite or
sting another ant.

As a result of the relative non-violence of
their attacks, americanus raiders inflict many
fewer casualties than duloticus raiders. Indeed,
the few casualties that do occur seem to be
exclusively the result of fights between slaves
and target-colony workers. In 8 of the I3
americanus raids, all the target-colony workers
in their nest at the time of the attack escaped
uninjured. In three raids, there were fewer than
five casualties among the target-colony workers
in the nest during the attack; and in two raids
there were between five and ten casualties among
target-colony workers.

Wesson (1939) attributed the capacity of
americanus workers to cause panic in target
colonies to the agility and erraticness of their
movements and to their tendency to nip at and
‘worry’ target-colony adults. However, ameri-
canus workers are actually less active than
duloticus workers during attacks. Nevertheless,
target-colonies fiercely resist duloticus attacks
while panicking almost immediately upon the
arrival of an americanus raiding party. The most
likely method by means of which americanus
workers could cause panic is by the secretion of
a propaganda pheromone analogous to that
employed by the Formicine slave-maker, Formica
subintegra (Regnier & Wilson 1971). However,
this interpretation cannot be accepted without
reservation for H. americanus. A propaganda
pheromone should excite both the target-colony
workers and the slaves in the Harpagoxenus
raiding party, but only the target-colony workers
seem to be affected. Clearly, more work is
needed before we shall understand the mecha-
nism by means of which americanus incites
panic in target colonies.

Brood Trausport and Colooy Emigration

Once the adult members of the target colony
have been killed or dispersed, the final phase of
the raid begins. Americanus raiders always
transported the target colony’s brood back to
their nest. Usually, duloticus raiders did the
same. However, two duloticus colonies emigrated -
into raided nests.

In both parasite species, the defeat of the
target colony was always followed shortly by the
recruitment of additional raiders via processions
in which the slave-makers laid down pheromone
trails. In all 13 americanus raids, some slaves
were led over to the raided nest at this time; and
in five americanus raids, only slaves were re-
cruited. In 7 of the 10 duloticus raids, the
recruits included both slave-makers and slaves,
However, in three raids (including the two in
which the duloticus emigrated into the raided
nest), only additional slave-makers were re-
cruited.

In all the americanus raids and in the seven
duloticus raids during which slaves as well as
slave-makers were recruited, the augmented
raiding party somehow divided into three
contingents of brood carriers, entrance guards,
and ‘auxiliaries’. In both parasite species, the
brood-carrying contingent ordinarily consisted
of no more than five or six and usually of only
two or three slave-makers. These workers made
repeated trips between the raided nest and the
slave-makers’ home nest until all or almost all
the captured brood had been transported. Only
a few eggs or very small larvae were occasionally
left in the raided nest or dropped just outside it.
Slaves also, albeit rarely, carried captured brood.
However, slaves moved more siowly than the
slave-makers, did not carry the brood over as
direct a route, and usually transported only one
and never more than three pieces of brood.

The second contingent consisted of entrance
guards in the raided nest. These guards fended

- off any attempts by members of the target colony

to recover pieces of their brood. During duloticus
raids, the guard contingent usually consisted of
one or two slave-makers and one or two slaves,
although it sometimes consisted of slave-makers
or slaves only. During americanus raids, the
guard contingent usually consisted of slaves

- only, although an americanus sometimes joined

the guard contingent briefly.

The third contingent consisted of ‘auxiliaries’,
slave-makers or slaves or both, that remained
inside the raided nest (usually in the vicinity
of the brood pile) without appearing to do much
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of anything. The auxiliary and guard contingents
frequently exchanged members. However, it
was rare for a brood carricr to become a member
of one of the other contingents or vice versa.

Shortly before or after the last piecc of brood
had been transported, the slave-makers and
their slaves began to leave the raided nest. The
nest was usually descrted entirely within about
an hour after the last piece of brood had been
transported.

As. noted above, two duloticus raids were
unusual in that the parasite colony moved into
the raided nest instead of transporting the
captured brood back to their home nest. More-
over, during one other raid, the behaviour of
the raiders suggested that an emigration almost
occurred. During these three raids, after the
target colony had been defeated, the raiders
began the usual recruitment of additionai nest-
mates. However, instead of recruiting a com-
bination of slave-makers and slaves, only
slave-makers were led to the raided nest. More-
over, the recruitment continued until all the
duloticus workers had assembled in the raided
nest on two occasions and until all except one
of them had assembled there on the third. This
assemblage of slave-makers then set about
removing the dead bodies of the target-colony
adults from the raided nest and examining the
captured brood in an unusually detailed way
with their mandibles and antennae. On the first
occasion when this behaviour occurred and was
followed by an emigration, I failed to realize
at first the significance of what was happening
and did not note how long the period of brood
examination lasted. However, on the second
occasion when an emigration also occurred and
on the third occasion when no emigration
occurred, the periods of brood examination
lasted 87 and 108 min respectively.

On the third occasion, when the period of
examination behaviour was followed by the
transport of the captured brood back to the
home nest, the assembled slave-makers spiit
into the usual three contingents. Brood trans-
port then proceeded in the normal way except
that no slaves were present in the guard and

auxiliary contingents. On the other two occa-

sions when emigrations did occur, the assem-
blage of slave-makers divided into guard and
transport contingents, but there were no ‘idle’
auxiliaries among the duloticus until the emigra-
tion was well under way. On thesc occasions,
instead of removing the captured brood from
the raided nest, the carriers began to return to

their old nest, pick up pieces of their own broed,
and try to make thecir way to the nest entrance.
Whenever a carrier managed to get a piece of
the duloticus brood out of the old nest, it carried
it to the raided nest. However, the activities of
the carriers greatly excited their slaves, Although
the slaves did not seem hostile to the duloticus,
they formed a kind of milling ‘mob’ inside the
nest entrance that made it mechanically difficult
for a duloticus worker to get to the nest entrance
with a piece of brood. Whenever a duloticus
was seriously impeded in its progress, it would
put down the piece of brood that it had been
carrying, make its way through the crowd of
slaves to the nest entrance, and pick up and carry
a slave across to the raided nest. As the number
of slaves in the old nest was thus reduced, brood
transport became more rapid. During this period,
the duloticus queen was carried over. Finally,
in the late stages of both emigrations, a few
slaves began returning to the old nest and carry-
ing other siaves to the raided nest. On both
occasions, the emigration into the raided nest
was completed within about 90 min after the
carriers began transporting brood and slaves.

Fate of the Captured Brood

Following raids, workers of both parasite
species and their slaves were observed eating
large numbers of captured eggs and small larvae.
However, the fate of captured queen and male
pupae was quite different in duloticus and
americanus nests. Duloticus colonies always
ate ail host-species sexual pupae that they
captured. Some captured sexual pupae were also
eaten by americanus colonies. However, many
captured sexual pupae were permitted to mature
in americanus nests; and host-species alates
emerging from them were permitted to leave the
americanus nests without being molested in
any way. .

This difference between duloticus and ameri-
canus colonies is probably not just a laboratory
artifact. Colonies of americanus collected when
winged reproductives are present in host-species
colonies also frequently contain host-species
alates, However, I have never collected a
duloticus colony containing an adult host-species
reproductive. These combined field and labora-
tory data lead me to hypothesize that americanus
colonies regularly rear host-species reproductives
and permit them to leave their nests to go out
on nuptual flights. In contrast, duloticus colonies
seem to use host-species reproductive pupae as a
supplementary food source.
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Behaviour of Target Colonies and Miscellaneous
Observations

Workers from target colonies frequently
encountered foraging slaves and scouting slave-
makers. Encounters with both the slaves and the
slave-makers were invariably hostile. .

Numerous fights between the slaves and the
target-colony workers always occurred in the
arena before the slave-makers discovered and
attacked the target colony. Such fights also
characterized those interactions that did not
culminate in slave raids. During these fights.
the slaves and target-colony workers bit and
stung one another, and numerous casualties
on both sides resulted.

Whenever scouts of the slave-maker species
were encountered, they were also attacked by
the target-colony workers. The results of these
encounters were quite different for duloticus
and americanus scouts. Duloticus scouts regularly
stung attacking target-colony workers to death.
However, americanus scouts did not fight back
actively. Nevertheless, most americanus scouts
managed to escape from their attackers by some-
how confusing them. In a typical encounter, an
americanus would be discovered near the nest
entrance by several target-colony workers.
While two or three workers seized the intruder,
the rest returned to the nest and excited their
nestmates, possibly by emitting an alarm
pheromone. As a resuit, numerous agitated
workers would emerge from the target colony.
However, new target-colony workers arriving
on the scene of the fight with the americanus
would usually attack their nestmates that were
fighting with the intruder, instead of the ameri-
canus itself; and the americanus would escape.
Often the resultant fighting among target-colony
workers became quite widespread and produced
casualties so that the target colony was already
somewhat weakened and ‘demoralized’ when the
americanus raiding party arrived.

An empty nest was always placed in the arena
to determine whether survivors from target
colonies would move back into their old nests or
into the new nests after raids. Target-colony
survivors never tried to reoccupy their old nest
and usually tried to move into the new nest.
However, their attempts to do so werc always
short-lived. If the survivors had escaped with
a significant portion of their brood, their new
home was always raided by the slave-makers.
If little or no brood had been retained, the slave-
makers often ignored them. However, the
remnant was continually harassed by slaves until

it had been dispersed and the survivors had been
killed one by one.

Nevertheless, much of this post-raid harass-
ment was probably produced by the unnatural
confinement of the target-colony remnant in
close proximity to the parasites’ nest. In nature,
it seems likely that remnants would stand a
much better chance of long-term survival,
particularly following the relatively non-violent
raids of H. americanus.

Discussion

Wesson (1940) noted that, whereas duloticus
raiders rely mainly on brute force to subdue
target colonies, americanus raiders excite target
colony members to flee. The results of the present
study strongly confirm and extend Wesson’s
observation. In addition, when viewed in the
light of subsequent information regarding
territorial behaviour in L. ambiguus and L.
curvispinosus, the present results decidedly .
clarify the probable evolutionary history of
slavery in Leptothoracine ants.

Wilson (1975) observed the behaviour of
large colonies of L. curvispinosus that had been
placed in arenas with smaller colonies of their
own species. Under these circumstances, the
workers from the large colony attacked and
killed those from the smaller colony and carried
off the small colony’s brood to the large colony’s
nest. Workers emerging from captured worker
pupae were adopted by the large colony. In a
parallel series of experiments, large colonies
of L. ambiguus were placed near small curvi-
spinosus colonies. In two of four instances, the
two colonies co-existed. In the other two in-
stances, the ambiguus attacked, killed the
curvispinosus, and stole their brood. However,
alien curvispinosus emerging in the ambiguus
nests were killed.

As Wilson (1975) noted, these results strongly
implicate territory-defence behaviour as an
evolutionary preadaptation to slave-raiding in
Leptothoracine ants. All that would be required
to transform non-parasitic species such as L.
ambiguus or L. curvispinosus into facultative
slave-makers would be a slightly enhanced
tendency to tolerate the presence of workers of
a closely related species as nestmates.

The results of the present study may be inter-
preted as indicating that the raiding behaviour
of L. duloticus is still quite primitive in the sense
that it still resembles intercolonial territorial
battles in two crucial respects. Large numbers
of adults from target colonies are killed; and
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the target colonics’ sexual pupae, small larvae,
and cggs are  eaten. While such destructive
behaviour is clearly adaptive for a free-living
spectes dealing with territorial competitors, it
seems likely to lead to periodic shortages of
host-species colonies in the vicinity of dufoticus
nests. Viewed in this light, it is probable that
the tendency of duloticus colonies to emigrate
into raided nests may be either a response to such
shortages or an adaptation for their avoidance.

In this context, the raiding behaviour of H.
americanus appears to be relatively advanced
in comparison to that of L. duloticus. When
encountered as scouts, americanus workers
remain passive instead of attacking the target
colony workers. However, probably by secreting
a contaminating pheromone that causes other
target-colony workers to mistake a nestmate that
has been attacking an americanus scout for a
member of another colony, the americanus
scouts cause fighting to break out among the
target-colony workers. The resulting confusion
usually permits americanus scouts to escape
while simultaneously weakening the social
cohesion of the target colony even before the
americanus raiders arrive. When the raiders do
arrive, they cause the target colony to panic,
Most of the target-colony adults and queens
flee unharmed, leaving the americanus and their
slaves in possession of the brood. Finally, the
americanus capture and rear much of the target

colony’s sexual brood and permit emerging -

host-species reproductives to leave their nest

unharmed. This rearing of host-species sexual

pupae is an especially interesting behavioural
adaptation for a social parasite, since it involves
the failure to exploit an immediately available
food source. Since the uninjured queens and
relatively intact worker force of a target colony
are probably often capable of rearing new broods
for the americanus to raid in subsequent years
and since young host-species queens probably
mate and found new host-species colonies near
the americanus nests from which they emerge,
the overall americanus raiding strategy appears
to be a much more efficient means of husbanding
host-specics resources than the destructive
strategy of L. duloticus. Perhaps for this reason,
americanus colonies are on the average two to
three times as abundant as duloticus colonies
in many recgions of eastern North America
where the two parasites occur sympatrically
(personal observations).

However, despite these important differences
in the raiding behaviour of H. americanus and

L. duloticus, the present study confirms and
cxtends our understanding of numerous other
ways in which the behaviour of these two species
is closely similar. The occurrence of group
scouting and entrance guarding in both species
and the fact that both species employ a similar
diversity of techniques in raider recruitment
and an identical division of labour during brood
transport are examples of behavioural sx’mi[an’-
ties described here for the first time. However,
in the light of data indicating that the European
slave-maker Harpagoxenus sublaevis recruits.
raiding parties via tandem running (Buschinger
& Winter 1977), perhaps the most interesting
similarity between primitive L. duloticus and
advanced H. americanus is the fact that successful
scouts of both species recruit raiding parties by
laying down pheromone trails for their nest-
mates to follow.

Recruitment to food sources via tandem run-
ning is a very widespread and perhaps nearly
universal phenomenon in the genus Leptothorax
(Moglich et al. 1974), and Wilson (1971) has
argued that tandem running is an evolutionary
precursor to pheromone trail-laying in ants.
Thus, the use of tandem running is an evolution-
ary primitive trait in H. sublaevis. For this
reason, the occurrence of processions in mor-
phologically even more primitive L. duloticus
1s somewhat surprising. If traditional vicws about
the separate evolutionary origins of H. ameri-
canus and L. duloticus are accepted (Wesson
1940; Wilson 1973), the recruitment of raiders
by processions in these two species is an ex-
tremely interesting example of the convergent
evolution of behaviour.
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