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ABSTRACT In most circumstances, social insects recog-
nize their nestmates. They can discriminate against alien adults
and also against alien larvae. Results presented here indicate
that the mechanism of colony-brood recognition is acquired in
large part during larval life and persists through the metamor-
phosis into the adult stage. During the first days after emer-
gence of the adult, a weaker form of learning can also occur.
These phenomena are discussed in relation to kinship theory.
It appears that kin recognition is determined not so much by
genetic relatedness as by spatial proximity of the individuals
during the early stages of life.

Most social insects can discriminate nestmates from non-
nestmates (1). The hostility shown to adults of alien colonies
is evidence of colony recognition. Recent data have revealed
that intraspecific brood discrimination also exists in some ant
species (2-5) and wasps; such discrimination manifests itself
in differential brood-nursing activities (5-7). For the honey
bee, comparable discrimination is not clearly established, as
contradictory results have recently been published (8, 9).

In Cataglyphis cursor Fonscolombe, brood-nursing ants
prefer larvae from their own colony to those from an alien
colony, which they give only half as much care as their own
brood (unpublished data). We report here results that indicate
an important role for learning such discrimination very early
in life, during the larval stage.

METHODS AND RESULTS

Experiment 1: Effect of isolation during the first 10 days of
adult life

Young C. cursor workers were taken from their colony less
than 8 hr after eclosion and were placed for 10 days in one of
three situations.

In one group (Gi; 98 ants) each ant was completely isolated
until age 10 days. The workers were then formed into
subgroups of seven workers each, and 15 min later they were
tested by being offered a choice among three nestmate larvae
(NL) and three alien larvae (AL). The larvae in this and other
experiments were identified by sticking colored plastic spots
on them. Each instance of licking or carrying of a larva for the
next 15 min was recorded.

In another group (G2), each of 82 young workers was
familiarized with members of an alien colony, here called the
"familiar colony," by being kept with two adults and two
larvae (FL) from that colony for 10 days. These ants too were
then formed into groups, of about seven each, and 15 min
later were tested, in this case for their choice among three NL
and three FL.

The 98 newly hatched ants of the third group (G3) were
kept for 10 days in groups of seven nestmates each and then
were tested for choice among three NL and three AL.

In G1 and G3, NL were clearly preferred to AL (Fig. 1) (P
< 0.01) (except where noted otherwise, Wilcoxon tests were
used). Early isolation as adults (Gi) did not reverse the ants'
preference for their NL, although this preference was weaker
than in the group kept with nestmates (G3) (P < 0.05,
Mann-Whitney U test).
The ants of G2 (familiarized with individuals from an alien

colony) still slightly preferred theirNL to the FL; this was not
significant for the nursing activities as a whole, but was
significant for licking (P < 0.05). In this group, then, the
preference for the sister brood was merely attenuated, not
reversed, by their post-hatching experience. Although the
results do not rule out an effect of adult experience in the first
8 hr after hatching, they are at least consistent with the
hypothesis that colony-brood recognition could be learned
during preimaginal life.

Experiment 2: Effect of living in an alien colony during the
entire larval stage

C. cursor eggs were transferred from their parent colony into
one of three recipient colonies. The larvae produced from
these eggs spent their whole larval stage in the alien colony.
The recipient colonies, again called the "familiar colonies,"
were divided into two parts by a barrier: in one part we left
the queen and her brood, and into the second part we
introduced the experimental eggs. The workers of the recip-
ient colony were divided between the two compartments. In
preliminary tests we verified that the workers remained
influenced by the inhibitory activity of the queen and did not
lay; this was necessary to be sure that all the larvae were
indeed adopted. Before the transfers it was also verified in a
control test that the workers of the familiar colony were able
to discriminate between the broods of their own and the other
colony.
Soon after pupation, the cocoons of the experimental

larvae were transferred back into their parent colony, where
they spent on average 15 days before eclosing. The workers
that emerged were tested at age 5 days by being given a choice
among three of their own nestmate larvae (NL) and three
larvae from the familiar colony (FL). For this test, the callow
ants were placed in 12 groups of two to five each, with the six
larvae, and were tested for 30 min (the total number of ants
was 48). Fig. 2 clearly shows that the ants preferred the larvae
of the familiar (alien host) colony, FL (P < 0.01). These
results demonstrate that learning took place during the larval
stage.

Abbreviations: NL, nestmate larvae; FL, familiar larvae; AL, alien
larvae.
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FIG. 1. Mean numbers (and confidence intervals) per adult ant of
instances of brood-nursing behaviors (licking and carrying) directed
towards each type of larva in experiment 1.

After these observations, the ants were reintroduced into
their own nests and were tested again when they were 15 and
25 days old. At 15 days, the preference for FL was significant
only as regards carrying behavior (P < 0.02), and at 25 days
the preference had entirely disappeared: there was no sig-
nificant preference for either FL or NL. Because the result
for this part of the experiment was established with only 7
groups (at 15 days of age) and 4 groups (at 25 days of age), we
consider it a preliminary finding that requires confirmation.
Nevertheless, it seems to indicate that familiarization is
possible during the early days of adult life, in this case with
the odor of the parent colony. It suggests also that the effect
of a preimaginal learned preference for alien larvae over
nestmates may decline in adults exposed to nestmates for a
time. But, again, this post-hatching familiarization did not
actually reverse the learned preference.

Experiment 3: Effect of living in an alien colony during only
part of the larval stage

The small and large larvae oftwo colonies were selected. For
each brood, these small or large larvae were transferred as a
group into a recipient colony (the "familiar colony") whose
own brood had been eliminated. The large larvae spent 2-5
days in the familiar colony before pupation, and the small
larvae, from 10 to 20 days; as a consequence, the larval size
was inversely related to the duration of the pre-imaginal
experience in the familiar colony. A total of 105 workers
emerged from the group of large larvae (group Gi) and 77
from the group of small larvae (G2). These adopted individ-
uals were reared in the familiar colony until 3 to 7 days after
their emergence into adult life. Within each group, the newly
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FIG. 2. Mean numbers (and confidence intervals) per adult ant of
instances of brood-nursing behaviors (licking and carrying) directed
toward each type of larva in experiment 2.

emerged workers were then divided into subgroups of seven
individuals. Each of these subgroups was given three choice
tests, lasting 10 min each, the choice being between four NL
and four FL. As Fig. 3 shows, the workers that had been
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FIG. 3. Mean numbers (and confidence intervals) per adult ant of
instances of brood-nursing behaviors (licking and carrying) directed
towards each type of larva in experiment 3.
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transferred as large larvae (Gi) preferred their NL (P < 0.01),
whereas workers that had been transferred as small larvae
(G2) preferred the FL (P < 0.01). So adult ants that had spent
most of their larval life in an alien colony preferred nursing
the larvae of that colony to nursing their own sister larvae.
The results of experiment 3 show that colony-brood rec-

ognition, as reflected in the nursing behavior of workers,
cannot be altered during the last instar of larval life. This
might be attributable either to the existence of a more
sensitive period in the first instars of larval development or
the total duration of the exposure to the colony odor.

DISCUSSION

In the ant C. cursor, a certain familiarization during the first
days after hatching can affect colony-brood recognition. This
phenomenon confirms the existence of a high capacity for
learning during this period as suggested by previous inde-
pendent studies (10-23).
However, the main process affecting colony-brood recog-

nition seems to occur during the larval stage: the experiments
in which eggs or small larvae were transferred (experiments
2 and 3) allowed the normal preference for kin in the adult to
be replaced with a preference for nonkin. Information ac-
quired during the larval stage persisted through the meta-
morphosis into adulthood. Preimaginal learning has previ-
ously been reported only for feeding behavior in solitary
insects (24-29).
Experiment 2 clearly showed that the significant stimuli

acting on the larvae come mainly from the adults of the
recipient colony; the larvae were evidently not sensitive to
stimuli from their sisters. This suggests that what is learned
is the colony odor originating from workers.
Experiment 3 demonstrated that larvae which are trans-

ferred to a recipient colony when they are already quite large
do not develop a preference for the odor of the recipient
colony. We therefore conclude that the first instars of larval
life might be a more sensitive period. As was the case for the
large larvae in experiment 3, the callow workers familiarized
with the alien colony (experiment 1, G2) did not reverse their
previous acquired preference for their kin; nurturant behav-
ior towards the nonkin brood was increased only to nearly the
same level as that towards the kin brood. Only habituation to
an alien colony starting at the egg stage (experiment 2) or the
first instar of larval life (experiment 3) produces a clear
preference for the nonkin brood. This is probably because the
individual has not yet been behaviorally fixed at this age.
Additional observations showed that in C. cursor every
conspecific brood is durably tended by adults, but the
familiar one is nursed with the greater intensity and efficien-
cy. Further experiments will be necessary to explore the
hypothesis that there is a specific sensitive period involved in
the preference for the brood of the familiar colony.

Preimaginal learning as a basis of brood recognition in ants
was previously suggested by Jaisson (30). This important
phenomenon is now demonstrated by the present data. We
know of no other presentation of evidence of preimaginal
learning involved in insect social behavior. This learning
could be present in many other species, at least among social
hymenopterans, and it suggests the merit of studying the
mechanisms of kin recognition, which is fundamental to the
sociobiology of altruism. The discovery that larval learning
affects colony-brood recognition by adults suggests how the
correlation between altruistic behavior and genetic related-
ness, which is explained by kinship theory (31-33), might be

established. As recently pointed out,t nestmate recognition
that is a consequence of learning would be based much more
directly on early spatial proximity than on kinship. These two
phenomena are not necessarily related, as is shown by the
interspecific altruistic behavior in dulotic species, where the
ants "kidnapped" as brood tend the slavemakers later. The
effect of proximity therefore seems to better account for the
orientation of altruistic behavior, whose evolutionary signif-
icance is given by the concept of kinship. In nonparasitic
species, the workers and the larvae ofa colony are genetically
related to each other. Thus, the ethogenesis of the individual
during its larval stage will normally direct the altruistic
behavior towards the kin, and this recognition will be
reinforced by the worker's experience after its emergence.

fJaisson, P., Proceedings of the Nineteenth International Ethologi-
cal Conference, August 1985, Universitd Paul Sabatier, Toulouse,
France, pp. 87-90.
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