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Remembering individual identities is part of our
own everyday social life. Surprisingly, this abil-
ity has recently been shown in two social insects.
While paper wasps recognize each other indivi-
dually through their facial markings, the ant,
Pachycondyla villosa, uses chemical cues. In
both species, individual recognition is adaptive
since it facilitates the maintenance of stable
dominance hierarchies among individuals, and
thus reduces the cost of conflict within these
small societies. Here, we investigated individual
recognition in Pachycondyla ants by quantifying
the level of aggression between pairs of familiar
or unfamiliar queens over time. We show that
unrelated founding queens of P. villosa and
Pachycondyla inversa store information on the
individual identity of other queens and can
retrieve it from memory after 24 h of separation.
Thus, we have documented for the first time
that long-term memory of individual identity is
present and functional in ants. This novel find-
ing represents an advance in our understanding
of the mechanism determining the evolution of
cooperation among unrelated individuals.
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1. INTRODUCTION
Individual recognition is a particular case of discrimi-

nation requiring that each individual carries a unique

set of recognizable labels. Human social behaviour

largely relies upon individual relationships, which can

be maintained because we have mental represen-

tations of other individuals’ faces that are stable over

time (Ellis 1992). Other primates that interact repeat-

edly with one another may also use long-term

representations of individual identities (Cheney &

Seyfarth 1982). Individual recognition has further

been reported in other vertebrates (Thom & Hurst

2004) and in some invertebrates such as crabs

(Gherardi & Atema 2005).

In social insects, communication is based on

chemicals and there is evidence that the cues mediat-

ing social recognition are primarily encoded in the

mixture of cuticular hydrocarbons (Lenoir et al.

2001). However, while social insect recognition

systems are very sophisticated, they were traditionally
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assumed to be unsuitable for individual recognition.
Ants, for example, live in large cooperative groups, so
that individual recognition seems improbable in colo-
nies of hundreds of individuals. Individual identity
labels may also be selected against because they
would allow the expression of nepotistic traits by full-
sib fractions of a large colony (Keller 1997; Boomsma
et al. 2003). Common wisdom was therefore that
social insects classify conspecifics into simple collec-
tive categories such as nestmates, castes or age classes
(Hölldobler & Wilson 1990). This is true in most
cases. Indeed, individual recognition may occur in
social insects only in particular circumstances. It
has been shown in small societies of paper wasps
(Tibbetts 2002), based on visual colour patterns, and
among co-founding queens of the ant, Pachycondyla
villosa (D’Ettorre & Heinze 2005), based on chemical
cues. Both systems are characterized by long-term
stable dominance hierarchies enforced by individual
aggression. In Pachycondyla, associations of genetically
unrelated founding queens may give rise to multiple
queen mature societies (Heinze et al. 2001), contrary
to other ant species where all but one queen is elimi-
nated after the emergence of workers (Bernasconi &
Strassmann 1999). We predicted that individual
recognition should require long-term memory (24 h
memory; cf. Menzel 1999) of individual identity, and
here, we tested whether such memory occurred and
whether it is robust enough not to be erased by
interactions with different individuals.
2. MATERIAL AND METHODS
Natural founding associations of P. villosa and P. inversa are typically
formed by two or more queens who establish a dominance
hierarchy with division of labour (Heinze et al. 2001; D’Ettorre
et al. 2005). Queen associations were collected in a cocoa planta-
tion (Brazil): a total of 44 P. villosa and 24 P. inversa founding
queens (see electronic supplementary material).

Each experimental session consisted of four queens encounter-
ing each other one-to-one in four consecutive rounds (figure 1), in
each of which the aggression level was quantified. Queens in a given
session came from four different natural associations and partici-
pated only in that particular session. In the first round (24 h),
paired queens were unfamiliar with each other, as they were in the
second round (24 h). But in the third round (2 h), each queen met
the same individual as in the first round, so they were familiar (here
‘familiar’ means queens shared a nest box for 24 h during the first
round of the experiment). The fourth round (30 min) of
interactions was again between different unfamiliar queens, enabling
us to show that queens were still motivated to be aggressive.
Aggression was observed during the first 10 min of each round.
Behaviours used to quantify aggression were antennal contact,
mandible opening, biting and stinging, which were combined into a
single aggression index (see electronic supplementary material).
Each encounter was in a new clean plastic box. This design allowed
us to: (i) test whether queens expressed long-term (24 h) memory
of previous opponents and its strength, and (ii) eliminate any effect
of possible exchange of recognition cues between queens, because if
such exchanges were happening they would similarly affect the
results in each round. We carried out 11 experimental sessions for
P. villosa and 6 for P. inversa, involving 44 and 24 queens,
respectively. Friedman analysis of variance was used to compare the
aggression index among rounds (STATISTICA v. 6, StatSoft), followed
by multiple comparisons (Siegel & Castellan Jr 1988).

Pachycondyla villosa and P. inversa queens show similar colony
founding strategies but different behaviours during hierarchy estab-
lishment: overt aggression in P. villosa (biting and stinging attempts)
and ritualized aggression in P. inversa. Here queens engage in a
‘dance’, with mandible opening and short bites in each other’s
mandibles, until one of them assumes a submissive posture
(Kolmer & Heinze 2000). We thus obtained unambiguous infor-
mation on social status of P. inversa queens by additional obser-
vations during the different rounds. In round 2, queens that were
dominant in the first round were always paired with queens that
were subordinate.
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unfamiliar queens from the field

round 1 - unfamiliar queens
24 h

round 2 - unfamiliar queens
24 h

round 3 - familiar queens
2 h

round 4 - unfamiliar queens
30 min

Figure 1. Schematic set-up showing the design of one experimental session to test individual recognition and long-term
memory in Pachycondyla ants. The session involved four different queens encountering each other one-to-one in four
consecutive rounds. Arrows indicate how queens were moved between rounds: each queen met an unfamiliar individual in
rounds 1, 2 and 4, and a familiar individual in round 3. The pairs of queens were housed in clean plastic boxes in each
round to eliminate the possibility of residual cues influencing their behaviour.
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Pachycondyla villosa queens use chemical cues for individual
recognition, and their cuticular chemical profile is not associated
with dominance (D’Ettorre & Heinze 2005). To investigate whether
the same applies to P. inversa, we studied the chemical profile of the
24 queens after the behavioural experiment (see electronic supple-
mentary material).
3. RESULTS AND DISCUSSION
We found a highly significant difference in the aggres-
sion index among rounds for both species (figure 2;
Friedman ANOVA, F3,22Z40.42, p!0.01; F3,12Z
16.04, p!0.01, for P. villosa and P. inversa, respect-
ively). For P. villosa, aggression was lower when queens
were returned to a familiar individual: the third round
differed significantly from all other rounds (figure 2b,
p!0.05 in all cases). The same trend was observed in
P. inversa, but here only rounds 1 and 3 differed
significantly (figure 2c). This is indeed the crucial
difference, namely that queens were less aggressive
when familiar. In both species, we observed a decrease
in aggression after round 1, which might be due to
experimental manipulation. Nonetheless, aggression
was higher in round 4 than in round 3, showing that
queens were still motivated to be aggressive when
meeting an unfamiliar opponent.

We expected familiar individuals not having to
re-establish dominance hierarchies when meeting
again. In round 3, indeed, 22 out of 24 (92%)
P. inversa queens maintained their initial status estab-
lished in round 1 (expected 100%). But queens should
establish a new rank order when meeting an unfamiliar
individual in round 2. Out of 24, 10 (42%) queens
changed their status between rounds 1 and 2
(expected 50%, when status is changed by chance).
Thus, a significantly larger proportion of queens
changed their status in round 2 than in round 3
(McNemar test, c2Z4.9, pZ0.026), indicating that
queens do not merely recognize the social status of
their opponent (status badges, Tibbetts & Dale 2004).
Biol. Lett. (2007)
To substantiate this finding, we investigated whether

the possible variation in the chemical profile of

P. inversa queens would allow differentiation among

individuals according to their social status. The

chemical profiles of P. inversa queens are characterized

by a mixture of hydrocarbons in variable proportions

(figure 1 in the electronic supplementary material). A

principal component analysis of the queens’ profiles

produced six principal components, which explained

89.06% of the total variance. We did not observe any

enhanced chemical similarity between queens with

identical social status: the groups of dominants and

subordinates were not differentiated by a discriminant

analysis based on the PCA factor scores (Wilks’

Lambda Z0.836, F6,17Z0.553, pZ0.760).

Taken together, our results show that queen–queen

recognition in these two ant species is based on long-

term memory of individual identity. In particular,

24 h of separation does not affect the memory of a

previously encountered individual. Furthermore, this

long-term memory is not affected by an in-between

interaction with a different individual, which suggests

that retroactive interference (cf. Anderson 1995) does

not seem to occur in this particular social context.

Memories evolve in time and are based on dynamic

processes that start at the very moment in which a

given experience is collected. We observed that the

dominance hierarchy between queens in the first

round of interactions was already established within

the first 6 h of cohabitation, when aggression disap-

peared. This indicates that the memory of individual

identity should last at least 42 h in our experiments.

Recent studies using operant conditioning para-

digm showed that volatile olfactory cues are individu-

ally learned and remembered by ant workers for at

least 5 min (Dupuy et al. 2006). Memory used in

navigation has also been documented in ants

(Collett & Collett 2002). In both cases, the
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Figure 2. (a) Two familiar queens of Pachycondyla villosa
interacting peacefully. Aggression index in (b) P. villosa and
(c) P. inversa in the four rounds of dyadic encounters
between queens (Friedman ANOVA, F3,22Z40.42, p!0.01
and F3,12Z16.04, p!0.01, for P. villosa and P. inversa,
respectively). Median, 25 and 75% percentiles are shown.
Different letters indicate significant differences between
rounds (multiple comparisons; Siegel & Castellan Jr 1988).
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behavioural context is very different from recognition

of individual identity in queens. Memory dynamics

and learning abilities are well studied in honeybees at

the behavioural, cellular and molecular level. Despite

their developed cognitive abilities (Menzel 1999),

honeybees may also show memory constraints

(Benard & Giurfa 2004), suggesting that the mainten-

ance of accurate memories is possibly an active and

costly process (Dukas 1999). The dynamics and

optimal level of memory for a particular social or

environmental condition may be shaped by its fitness

consequences, thus species- and task-specific memory
Biol. Lett. (2007)
adaptations are expected to be highly variable in their
evolutionary constraints. Memory of individual iden-
tity is particularly advantageous when repeated con-
tacts among a small number of individuals are likely
to occur, a social context which selected for accurate
memory in another invertebrate, the hermit crab,
where interactions with different individuals do not
erase the memory of a former rival (Gherardi &
Atema 2005).

For an ant queen, an unsuccessful start at the critical
stage of colony founding would have drastic fitness
consequences. Multiple queen associations allow faster
colony growth because more workers can be produced
per unit of time (Hölldobler & Wilson 1990), but they
also entail the regulation of costly social conflicts over
reproduction. The stable dominance hierarchies with a
clear division of labour that Pachycondyla queens estab-
lish help to resolve this conflict: dominant queens stay
in the nest and subordinates forage. Co-founding
queens may thus be separated from each other for
relatively long time. Meanwhile, queens in established
associations may be confronted with unfamiliar queens
trying to join (D’Ettorre et al. 2005), because new
Pachycondyla queens are produced year-round. Long-
term memory of individual identity appears to be a
suitable mechanism to minimize both the cost of
repeated assessments during aggressive contest, and the
risk of failing to recognize a partner with whom a stable
relationship has been established. This novel finding
opens up new avenues for focused experimental
research on the cognitive abilities of social insects and
represents a significant advance in our understanding of
mechanisms affecting the evolution of sociality in
absence of kin selection. We predict that long-term
memory of individual identity is a necessary step for the
evolution of cooperation between unrelated individuals
regulated by dominance hierarchy.
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