
Unicoloniality, recognition and genetic differentiation in a native
Formica ant

B. HOLZER,* M. CHAPUISAT,* N. KREMER,� C. FINET� & L. KELLER*

*Department of Ecology and Evolution, University of Lausanne, Biophore, Lausanne, Switzerland

�Laboratoire de Biométrie et Biologie Evolutive CNRS UMR 5558, Université Claude Bernard Lyon 1, Villeurbanne Cedex, France

�Ecole Normale Supérieure de Lyon, Laboratoire de Reproduction et Développement des Plantes UMR CNRS 5667, Lyon Cedex, France

Introduction

Kin selection is the key selective force allowing the

evolution and maintenance of altruism in the animal

kingdom. A necessary condition for kin selection to

operate is the ability of individuals to discriminate kin

from nonkin and preferentially direct altruism towards

related individuals (Hamilton, 1964,1987). Accordingly,

in most ants and other social insects, individuals recog-

nize nestmates from nonnestmates and aggressively

reject the latter (Crozier & Pamilo, 1996). This allows

the maintenance of the territorial colony boundaries,

prevents the invasion and exploitation of the colony by

unrelated conspecifics and ensures that altruistic acts are

directed towards relatives (Crozier & Pamilo, 1996).

Some ants, however, have an extraordinary social

organization, called unicoloniality, whereby individuals

mix freely among physically separated nests (Hölldobler

& Wilson, 1977; Pedersen et al., in press). By reducing the

costs associated with territoriality, unicoloniality allows

high worker densities and effective habitat monopoliza-

tion by the competitive exclusion of other ant species

(Holway et al., 1998; Holway, 1999; Holway & Suarez,

2004). Indeed, of the 17 land invertebrates species listed

among the world’s worst invaders (http://www.issg.org),

five are ant species with documented or inferred unico-

lonial structures.

While being a key attribute responsible for the

ecological dominance of some ants, unicoloniality is also

an evolutionary paradox and a potential problem for kin

selection theory because this mode of social organization

leads to an extremely low relatedness between nestmates

(Hamilton, 1964; Crozier, 1979; Bourke & Franks, 1995;

Keller, 1995; Crozier & Pamilo, 1996; Queller

& Strassmann, 1998; Queller, 2000). Understanding
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Abstract

Some ants have an extraordinary form of social organization, called unicol-

oniality, whereby individuals mix freely among physically separated nests.

This mode of social organization has been primarily studied in introduced and

invasive ant species, so that the recognition ability and genetic structure of

ants forming unicolonial populations in their native range remain poorly

known. We investigated the pattern of aggression and the genetic structure of

six unicolonial populations of the ant Formica paralugubris at four hierarchical

levels: within nests, among nests within the same population, among nests of

populations within the Alps or Jura Mountains and among nests of the two

mountain ranges. Ants within populations showed no aggressive behaviour,

but recognized nonnestmates as shown by longer antennation bouts. Overall,

the level of aggression increased with geographic and genetic distance but was

always considerably lower than between species. No distinct behavioural

supercolony boundaries were found. Our study provides evidence that

unicoloniality can be maintained in noninvasive ants despite significant

genetic differentiation and the ability to discriminate between nestmates and

nonnestmates.
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how unicolonial populations have evolved and how they

can be maintained by natural selection remains a major

problem in evolutionary biology (Keller, 1995; Queller,

2000; Pedersen et al., in press).

Until very recently it was thought that unicolonial

species typically failed to exhibit any intraspecific

aggression. However, this dogma has been challenged

by recent findings showing that even introduced popu-

lations of the Argentine ant Linepithema humile, a species

native to Argentina that has been introduced in various

parts of the world (Suarez et al., 2001), can exhibit

aggression between supercolonies (Tsutsui et al., 2000,

Giraud et al., 2002). The supercolonies are actually

composed of a large number of nests forming a unico-

lonial population that can range over several thousand

kilometres in the introduced range (Giraud et al., 2002).

Contrary to what was thought, native populations

also form supercolonies, but their size is several orders

of magnitude smaller than in the introduced range

(Pedersen et al., in press). Similar results have been

obtained in the little fire ant Wasmannia auropunctata. No

aggression was observed within a large introduced

population in New Caledonia and within populations

in the native range. However, aggression was high

between populations in the native range (Le Breton

et al., 2004; Errard et al., 2005).

The finding that unicolonial species may form super-

colonies, which are aggressive to each other has import-

ant implications for our understanding of the origin and

maintenance of unicoloniality. In particular, if supercol-

onies are relatively small it makes it a less daunting task

to explain the evolution and stability of unicoloniality

(Pedersen et al., in press). To some extent those super-

colonies can be considered as the end point of

a continuum in social organization with strict monogyny

at the other end and various levels of polygyny in

between (Keller, 1995). This begs the question of the

most relevant scale to be considered when measuring

relatedness and investigating the role of kin selection.

Theoretical studies have shown that relatedness should

be measured at the level of the ‘economic neighbour-

hood’, that is the scale at which intraspecific competition

generally takes place (Taylor, 1992; Kelly, 1994; Queller,

1994; Griffin & West, 2002). Hence, if competition occurs

mostly within supercolonies, relatedness should be

measured at the scale of the supercolony with the effect

that individuals collected in the same nest are effectively

completely unrelated. By contrast, if supercolonies

compete with each other, for example for access to

territory, then the genetic differentiation between super-

colonies should be considered when measuring related-

ness.

Although many species have been described as forming

unicolonial populations (Cherix, 1980; Kaufmann et al.,

1992; Passera, 1994; Ross et al., 1996; Astruc et al., 2001;

Holway et al., 2002; Van der Hammen et al., 2002) there

are only few cases where the level of aggression has been

studied at a large scale and no species other than the

Argentine ant where behavioural tests have been com-

bined with population genetic studies. Therefore, it is

largely unknown whether native species described as

unicolonial also form supercolonies aggressive to each

other, and if so, what are the sizes of supercolonies. Such

data are important to determine the scales at which

cooperation and competition occur (Pedersen et al., in

press).

Several ant genera are of particular interest to study

social evolution because they exhibit high variability in

social organization (Bourke & Franks, 1995; Crozier

& Pamilo, 1996). Among, those, the genus Formica is of

special interest because this genus is characterized by

tremendous intraspecific and interspecific variation

in social organization (Rosengren & Pamilo, 1983;

Rosengren et al., 1993; Bourke & Franks, 1995; Chapui-

sat et al., 2004; Sundström et al., 2005), with several

species having been suggested to form supercolonies and

unicolonial populations (Bourke & Franks, 1995; Elias

et al., 2005). One of the first supercolony was described

in a population of Formica lugubris in the Swiss Jura

mountains (Gris & Cherix, 1977; Cherix, 1980). Beha-

vioural studies revealed no aggression within a 0.7 km2

supercolony but some aggression with nests outside of

the supercolony. However, later studies revealed the

presence of two cryptic species (F. paralugubris and

F. lugubris Pamilo et al., 1992; Seifert, 1996) precluding

to determine whether the aggression observed occurred

within or between species. Later genetic studies showed

that the ant forming the large supercolony is actually

F. paralugubris and that it is characterized by a low intra-

nest relatedness, significant isolation by distance (Chap-

uisat et al., 1997) and low dispersal of both sexes

(Chapuisat & Keller, 1999). Behavioural studies also

showed that workers of this species usually are not

aggressive towards workers from other nests of the same

population (Chapuisat et al., 2005) and that in the

majority of the cases workers fail to discriminate between

pupae of their own nests and pupae from other nests of

the same population (Maeder et al., 2005). An even

larger supercolony with 45 000 nests has been found in

F. yessensis on Hokkaido although no aggression test or

any genetic studies are available (Ito, 1971; Higashi &

Yamauchi, 1979). It is also unknown whether this

supercolony exhibits aggression towards ants from other

populations. Unicoloniality has also been investigated in

populations of the ant F. truncorum (Rosengren et al.,

1985; Elias et al., 2005). The genetic data showed that

nestmate relatedness is very low or undistinguishable

from zero and individuals move between nests. However,

it is unknown whether this species form supercolonies,

which are aggressive to each other. Interestingly, while

conducting transfer experiments Rosengren et al. found a

significant negative relationship between the accept-

ance index and the distance between nests at a scale of

100 km in F. truncorum (Rosengren & Pamilo, 1986).
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Unfortunately, no genetic information is available on the

genetic similarity between the nests tested.

The aim of this study was to conduct a large-scale study

to determine whether Formica species can form super-

colonies similar to those that have been described in the

Argentine ant. In particular, we were interested in

determining whether populations are organized in

discrete supercolonies or whether there is a continuous

gradation in the level of aggression that may correlate

with genetic isolation by distance and/or spatial distance

between nests. For this study we selected the ant

F. paralubugris because previous work suggested the

possible occurrence of both genetic isolation by distance

at a small scale (Chapuisat et al., 1997; Chapuisat &

Keller, 1999) and well-defined supercolonies (Cherix,

1980, but see above discussion about the problem of

cryptic species). To address these issues, we investigated

the pattern of aggression and the genetic structure of six

populations separated by up to 72 km. This allowed us to

investigate the relationship between the level of aggres-

sion, geographic distance and genetic differentiation at

four hierarchical levels: within and among nests within

the same population, among nests of populations within

the Alps or Jura Mountains and among nests of the two

mountain ranges.

Materials and methods

Field collection

We collected F. paralugubris ants from four populations in

the Swiss Jura Mountains and from two populations in

the Swiss Alps between 7 July and 10 July 2003. All sites

were situated between 950 and 1310 m above sea level

(Fig. 1). For the aggression tests, we collected 300

workers from three nests at each site, except for the

population of Lac de l’Hongrin where only two nests

were found. The species was determined on the basis of

morphological characters of workers or queens (Seifert,

1996). In order to measure the interspecific aggression,

we also collected 10 nests of the sympatric species

F. lugubris (Seifert, 1996) from a population close to

Chalet à Roch. For the genetic analysis we collected

workers from 20 nests at Bois de Peney, 20 nests at

Chalet à Roch, 10 nests at Bois de Ban, seven nests at

Champs Simon, nine nests at Château d’Oex and two

nests from Lac de l’Hongrin. To estimate the geographic

distance between nests, the GPS coordinates were noted

(D-GPS; Garmin Ltd. Romsey, UK). Distances between

nests ranged from 15 m to 72 km.

Aggression tests

Ants were kept at 22–24 �C in 26 cm · 41 cm · 15 cm

compartments with fluon-coated walls (Whitford, Ger-

many) and nest material on the ground. Workers were

regularly fed with 8% sugar water and a mixture of agar,

egg, honey and water. Aggression tests were performed

(mean ± SD) 5 ± 4 days after field collection in a random

order between each pair of nests. This resulted in an

aggression matrix with 17 rows and columns with the

following four categories: between nestmates, between

nests of the same population, between nests of different

populations from the same mountain range and between

nests of different mountain ranges. We also conducted

interspecific aggression tests between ten pairs of nests of

F. paralugubris and F. lugubris.

In the aggression tests, one worker from each of two

nests was selected and placed on opposite ends of a plastic

cup (diameter: 6 cm) filled with nest material. Ants were

observed for 2 min after the first encounter. To quantify

the behaviour, each contact was scored as follows

(Giraud et al., 2002): 0 ¼ ignorance (physical contact

between individuals where neither ant showed any

interest for the other ant), 1 ¼ antennation (repeated

tapping of the antennae somewhere on the other ant);

2 ¼ avoidance (one or both ants retreated in opposite

directions after contact); 3 ¼ dorsal flexion (abdomen

pointed out to the other ant in a threatening posture);

4 ¼ aggression (biting of the other ant); 5 ¼ fight (pro-

longed aggression, often involving locking the mandibles

onto a body part of the other ant or carrying it). Six

replicate tests were conducted for each nest pair, using

the nest materials of each nest three times. After each test

the cups were cleaned with ethanol to remove potential

contamination with formic acid or alarm pheromones.

Fig. 1 Map of the study populations of the wood ant Formica

paralugubris in the Swiss Jura Mountains: Bois de Peney (BP), Chalet

à Roch (CR), Bois de Ban (OB), Champs Simon (JS) and in the Swiss

Alps: Château d’Oex (AO), Lac de l’Hongrin (AH).
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The observer of the aggression tests was blind with regard

to the nest of origin of the workers. The level of

aggression between pairs of nests was calculated as the

mean of the highest level of aggression recorded during

each of the six replicates.

In ants, antennation plays a crucial role in recognition

behaviour and novel odours are generally investigated

longer than familiar stimuli (Carlin & Hölldobler, 1987b).

To determine whether ants may discriminate between

different types of individuals we also recorded the

proportion of long antennations, defined as the number

of antennations that lasted for more than 3 s divided by

the total number of antennations.

Genetic analysis

Eight workers from each nest were genotyped. DNA

was extracted from individual workers by incubating

three crushed legs in 250 lL of 5% Chelex at 90 �C for

20 min. The suspension was stored at )20 �C and

directly used for PCR amplification. The ants were

analysed at four microsatellite loci developed for

F. paralugubris (FL12, FL20, FL21, FL29, Chapuisat,

1996) and seven loci originally developed for Formica

exsecta (FE7, FE8, FE11, FE19, FE37, FE38 and FE42,

Gyllenstrand et al., 2002). One marker (FE21, Gyllen-

strand et al., 2002) was discarded because of a null

allele. Each locus had between two and 22 alleles with

an average of six alleles and an expected heterozygos-

ity ranging between 0.16 and 0.90 (mean hetrozygos-

ity: 0.59). Primers were labelled with fluorescent dyes

and PCR products were visualized on an ABI 377XL

sequencer.

Statistical analyses

The level of aggression and the proportion of long

antennations between nestmates (control) and nonnest-

mates within the same population were compared with

Wilcoxon signed-rank tests. The control nest was used

only once and was paired with a randomly resampled

value of the nonnestmates tests within each population.

Each nonnestmates test within each population was used

only once. Mantel tests (Sokal & Rohlf, 1995; Manly,

1997) were performed to analyse the effect of population

on the level of aggression. We constructed a ‘population

matrix’ containing ‘0’ for pairs of nests from the same

population and ‘1’ for pairs of nests belonging to a

different population. The aggression matrix was then

correlated with the ‘population matrix’. A similar matrix

was used to test the effect of mountain range on the level

of aggression. The ‘mountain range matrix’ contained ‘0’

for pairs of nests from the same mountain range and ‘1’

for pairs of nests from different mountain ranges. The

same statistical procedure was also used to investigate the

effect of population and mountain range on the propor-

tion of long antennations.

Genetic variation was analysed at four hierarchical

levels (individuals, nests, populations and mountain

ranges) using a four-level hierarchical F-analysis of

variance with the statistical software GENETIC DATA ANA-GENETIC DATA ANA-

LYSISLYSIS (GDA(GDA, Lewis & Zaykin, 1999). The sigma values

obtained with GDA were used to calculate the F-values

according to the formulas described in ARLEQUINARLEQUIN

(Schneider et al., 2000). The coefficient at the first level

measures the correlation of genes within individuals as

compared to random genes within the nest (Find-nest).

The coefficients at the upper levels estimate the genetic

differentiation among nests within populations (Fnest-

pop), among populations within mountain ranges (Fpop-

mountain) and between the mountain ranges within the

entire sample of populations (Fmountain-total). Confidence

intervals were obtained with SPLUSSPLUS (Insightful Corp.,

2003) by bootstrapping 2000 times over loci.

To investigate whether the level of aggression was

correlated with genetic differentiation or geographic

distance we calculated the pair-wise Fst between each

pair of nest with FSTATFSTAT (Goudet, 2001). The geographic

distance between each pair of nest was computed from

the GPS coordinates of each nest. We used Mantel tests to

analyse if the level of aggression and proportion of long

antennations were correlated with genetic differentiation

and/or geographic distance (Manly, 1997). All Mantel

tests were performed with 5000 permutations using the

software RR Package (Casgrain & Legendre, 2001).

Results

Aggression

Aggressive behaviour between F. paralugubris workers

was low at all the scales investigated (Fig. 2). Ants were

never aggressive against their nestmates and the level of

aggression between nonnestmates within populations

was very low (aggression occurred in only one of the 16

tests). Hence, there was no significant difference in the

level of aggression between nestmates and nonnestmates

within populations (Wilcoxon signed rank test, Z ¼
)1.37, n ¼ 16, P ¼ 0.17). Workers from nests in different

populations were significantly more aggressive towards

each other than ants from nests in the same population

(Mantel, r ¼ 0.21, n ¼ 17 nests from six populations,

P < 0.01). A similar result was found when restricting the

analysis to the Jura Mountain populations (Mantel, r ¼
0.28, n ¼ 12 nests from four populations, P < 0.01;

sample sizes were too small to conduct a similar analysis

within the Alps). Importantly, however, the level of

aggression among nests of different populations was still

low, as indicated by the mean ± SD level of aggression

being only 1.66 ± 1.04. Finally, the level of aggression

between nests from different mountain ranges was

significantly higher than between nests from the same

mountain range (Mantel, r ¼ 0.33, n ¼ 17, P < 0.01)

although the overall level of aggression remained
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moderate (mean ± SD: 2.42 ± 1.43). These results con-

trast greatly with the data obtained in the interspecific

tests, where aggression was very high. The level of

aggression between F. paralugubris and its sibling species

F. lugubris was (mean score ± SD) 4.93 ± 0.09 with ants

always fighting vigorously, often to death (Fig. 2).

Antennations

Ants were able to distinguish nestmates from nonnest-

mates, as shown by the significantly longer antennation

bouts towards the latter (Wilcoxon singed rank test, Z ¼
)2.77, n ¼ 16, P < 0.01, Fig. 3). The length of antenna-

tions was also higher between ants originating from nests

of different populations than between ants from nests of

the same population (Mantel, r ¼ 0.19, n ¼ 17,

P < 0.01). Finally, mountain range had an effect with

longer antennations between ants from nests of the Jura

and the Alps than between ants from nests of the same

mountain range (Mantel: r ¼ 0.37, n ¼ 17, P < 0.001,

Fig. 3).

Genetic structure

The hierarchical analysis revealed significant genetic

differentiation among nests within populations, among

populations within mountain ranges and between the

two mountain ranges (Table 1). The highest genetic

differentiation was found between mountain ranges. The

significantly negative Find-nest reflects an excess of

heterozygotes within nests, as expected when nestmate

workers are related. The Fst between pairs of nests ranged

from )0.04 to 0.31 (average 0.12) and was positively

correlated with geographic distance (Mantel, r ¼ 0.66,

n ¼ 68, P < 0.001).

The level of aggression was correlated with the genetic

differentiation (Mantel, r ¼ 0.39, n ¼ 17, P < 0.001) and

geographic distance (Mantel, r ¼ 0.35, n ¼ 17,

P < 0.001) between nests. The correlation between

aggression and genetic differentiation remained signifi-

cant when controlling for the effect of geographic

distance (partial Mantel correlation, r ¼ 0.23, n ¼ 17,

P < 0.05). However, the correlation between the level of

aggression and geographic distance was no longer
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Fig. 2 Level of aggression among nestmates (control), among nests

from the same population (within populations), among nests of

different populations from the same mountain range (among

populations within mountain ranges), among nests from different

mountain ranges (between mountain ranges) and between the two

species Formica lugubris and Formica paralugubris (between species).

Aggression ranged from 1 (no aggression, antennations) to 5

(aggression, fight). The box plot indicates the median and the 5th,

25th, 75th and 95th percentiles.
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Fig. 3 The percentage of long antennations among nestmates

(control), among nests from the same population (within popula-

tions), among nests of different populations from the same mountain

range (among populations within mountain ranges) and among

nests from different mountain ranges (between mountain ranges).

The box plot indicates the median and the 5th, 25th, 75th and 95th

percentiles.

Table 1 Genetic differentiation estimated in a four level F-analysis

of variance at 11 microsatellite loci.

Find-nest Fnest-pop Fpop-mountain Fmountain-total

All )0.039 0.062 0.049 0.086

Lower 95% CI )0.043 0.050 0.034 0.063

Upper 95% CI )0.012 0.067 0.056 0.174

Find-nest is the correlation of genes within individuals compared to

random genes within the nest. Fnest-pop estimates the genetic

differentiation among nests within populations, Fpop-mountain the

genetic differentiation among populations within mountain ranges

and Fmountain-total the genetic differentiation between mountain

ranges within the entire sample of populations.
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significant when controlling for the effect of genetic

distance (partial Mantel correlation, r ¼ 0.14, n ¼ 17,

P ¼ 0.08), suggesting that genetic differentiation

explains more of the observed pattern of aggression than

geographic distance.

Discussion

The first important finding of this study is that

F. paralugubris workers showed almost no aggression

towards conspecific individuals at all the scales investi-

gated. There was a slight but significant increase in the

aggressive scores with increasing distance, but even

between the two mountain ranges the average aggressive

score was lower than the value describing dorsal flexion,

which is the first sign of truly antagonistic behaviour. The

lack of aggression over large geographical scales contrasts

strongly with most other ant species, which react

aggressively towards individuals from other nests

(Crozier & Pamilo, 1996). The finding of no aggression

between individuals of different nests within popula-

tions, together with the earlier observations of extensive

movement of workers and brood between nests in the

Jura Mountains and the acceptance of brood originating

from different geographical regions (Cherix, 1980;

Maeder et al., 2005), confirm that F. paralugubris is

indeed unicolonial in Switzerland. The earlier reports of

some nests being aggressive to each other (Gris & Cherix,

1977) most likely stemmed from the fact that both

F. lugubris and F. paralugubris nests were used in the

aggression experiments. Indeed, in aggression tests

between the two closely related species, workers fought

vigorously with the outcome being frequently the death

of one of the two protagonists.

The second important finding of this study is the

confirmation that unicoloniality is not associated with a

complete breakdown of recognition ability (Chapuisat

et al., 2005). There were significant differences in beha-

viour at the spatial scales investigated. Aggression scores

were significantly higher among nests from different

populations than among nests of the same population,

and also significantly higher among nests of the two

mountain ranges than within. Furthermore, the data on

antennation behaviour showed a significant increase in

bouts length between nestmates and nonnestmates,

between nests of different populations and between

nests of the two mountain ranges. The peaceful inves-

tigation by antennation between ants from different

nests might be caused by small differences in colony

odour. Like trophallaxis or allogrooming, long antenna-

tions might be used to update the recognition template or

to scramble recognition cues (Boulay et al., 2000; Lenoir

et al., 2001) and thereby help to prevent conflicts

that negatively affect colony performance (Keller &

Chapuisat, 1999).

Interestingly, there was a significant correlation be-

tween the scores on the aggressive scale and both the

geographic distance and the genetic differentiation

among nests. When the geographic distance and genetic

differentiation were considered simultaneously in the

analysis, the aggressive score remained significantly

correlated with only the genetic distance, suggesting a

slightly stronger effect of genetic differentiation. The

outcome of similar analyses in other Formica species were

variable, with a stronger impact of genetic differentiation

in some cases (Beye et al., 1997,1998), and of geographic

distances in others (Pirk et al., 2001). These results are

consistent with the current view that nestmate recogni-

tion in social insects can be based on environmentally –

and/or genetically-derived cues (Gamboa et al., 1986;

Breed & Bennett, 1987; Adams, 1991; Liang & Silverman,

2000) with the respective importance of both type of cues

being context-dependent (Carlin & Hölldobler,

1986,1987a).

Overall, our findings contrast sharply with those

obtained in the other unicolonial ant where precise

information is available on the pattern of aggression

and population genetic structure. In the European

introduced population of Argentine ant similar tests to

those performed in the present study showed that

workers completely failed to discriminate between

nestmates and nonnesmates workers of the same

supercolony, even when nests were separated by

several thousand km (Giraud et al., 2002). Accordingly,

the association between the level of aggression, spatial

distance and genetic distance was not significant in the

Argentine ant. Another major difference is that there

are distinct supercolonies with aggression between but

not within supercolonies in the invasive and native

range of the Argentine ant (Pedersen et al., in press),

while we did not detect such a pattern in F. paralu-

gubris. Importantly, a complete lack of aggression over

a large geographic scale has never been reported in

native populations of ants. Thus, even in the little fire

ant W. auropunctata, studies in the native range repor-

ted the presence of aggressive supercolonies (Le Breton

et al., 2004; Errard et al., 2005). It is currently imposs-

ible to determine whether other species of the genus

Formica may also exhibit a social organization similar to

that uncovered in F. paralugubris. The only species that

has been studied over a larger geographic range is

F. truncorum (Rosengren & Pamilo, 1986). In this

species there was a negative relationship between the

acceptance index and the distance between nests at a

scale of 100 km, but the level of aggression between

workers is not known.

One possible explanation is that peaceful intraspecific

interactions have been selected for in F. paralugubris

because of higher fitness of nonaggressive colonies

compared to aggressive colonies. The costs and benefits

of behaving aggressively towards nonnestmates are

influenced by several features of the life-history of

species. One of the key parameters is whether aggression

may effectively prevent unrelated individuals from
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entering the colony. When incoming reproductive indi-

viduals are less related to workers than are the resident

reproductive individuals, workers should prevent their

infiltration into the colony. In that respect, two charac-

teristics of the biology of F. paralugubris suggest that the

benefits of behaving aggressively towards nonnestmates

might be lower than in ant species characterized by

strong aggression between colonies. First, effective dis-

persal by male and female reproductives is limited.

A genetic analysis in the Jura Mountains showed very

strong isolation by distance indicating that few individ-

uals successfully disperse in foreign colonies (Chapuisat

et al., 1997). In fact, the large majority of queens are

recruited within their parental or from neighbouring nest

(Chapuisat & Keller, 1999). Second, the relatedness

within colonies is not significantly greater than the

relatedness between individuals from closely located

nests (Chapuisat et al., 1997). Thus, workers of related

neighbouring colonies may have evolved a high accept-

ance threshold because they encounter more often

desirable related individuals than unrelated foreign

individuals.

While the biology of F. paralugubris may decrease the

benefits of rejecting foreigners and thus increase accept-

ance threshold, it is important to note that reduced

aggression may also impinge on the population genetic

structure of the species. Thus, acceptance of nonnest-

mates allows for individuals to move more frequently

between neighbouring colonies, hence leading to

reduced difference in relatedness between nestmates

and individuals of closely located nests. Moreover, once

colonies start to fail to discriminate against foreigners this

may also set for alternative ways to maintain significant

relatedness within colonies. For example, in the highly

polygynous ant F. exsecta, colonies have a twofold

mechanism to prevent invasion by unrelated queens.

First, colonies reject all young queens attempting to enter

when they do not themselves produce new queens

(Brown et al., 2003). Second, in the years where colonies

produce new queens they produce many of them, hence

diluting the effect of any foreign unrelated queens

entering the colony (Brown & Keller, 2000; Brown et al.,

2002).

Overall, our findings have important implications for

our understanding of the evolution of unicoloniality.

First, this study shows that unicoloniality is not

necessarily associated with a complete loss of recogni-

tion ability. Second, unicoloniality can exist in native

populations and does therefore not require changes in

the genetic composition or competitive environment

associated with the introduction of species in new

environments. Finally, unicoloniality can be associated

with significant genetic differentiation and limited

dispersal. It would be of great interest to conduct

similar studies in other ants forming unicolonial pop-

ulations in their native habitat to assess the generality

of this pattern.
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