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Abstract--Nestmate recognition was studied in the polydomous ant Cata- 
glyphis iherica (Forruicinae) in the laboratory. The study examined six col- 
onies collected from two different populations 6fX) km apart in the Iberian 
peninsula (Barcelona and Murcia). Introduction of an alien worker into an 
allocokmial arena always ended in death to the intruder, demonstrating that 
in this species societies are extremely closed. Dyadic encounters composed 
of individuals from different colonies in a neutral arena confirmed the exis- 
tence of high aggression between allocolonial individuals. We also investi- 
gated variability in the composition of the major cuticular hydrocarbons 
between the colonies used in the behaviorial tests. There were marked quan- 
titative differences between the profiles of ants from the two populations. 
suggesting that the populations are completely segregated. Cuticutar profiles 
within a population tended to be more similar, but were nevertheless colony 
specific. The degree of colony closure in C. iberica seemed to be independent 
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of geographic distance since aggression between thc colonies was always at 
its maximum, irrespective of their population origin. 

Key Words--Ants, Formicinae, polydomy, nestmate recognition, aggression, 
cuticular hydrocarbons, colony closure, Cataglyphis iberica, 

INTRODUCTION 

Social organization in ants is based on, among other things, colony closure that 
preserves its social integrity and prevents intrusion by individuals alien to the 
society. This necessitates a capacity to recognize and discriminate between 
familiar and unfamiliar individuals. Such discrimination generally induces 
aggression towards the unfamiliar intruder. As early as 1904, Fielde (1904) 
hypothesized a chemical role in recognition. Howse (1975) suggested that this 
discrimination ability was based essentially on a chemical signature that each 
member of the colony carries on its cuticle, a hypothesis that was subsequently 
confirmed by experimental work (reviewed by Howard, 1993; Lorenzi et al., 
1996). Experiments in which alien cuticular extracts applied to workers elicited 
aggression towards them by their nestmates lent credence to the role of  cutieular 
lipids in colony recognition (Bonavita-Cougourdan et al., 1987; Nowbahari et 
al., 1990; Henderson et al., 1990). Nestmate recognition cues can be determined 
genetically (Vander Meer et at., 1985; Ross et al., 1987; Provost, 1991), but 
may also include environmental substances that blend into the colony odor (Jut- 
sum et al., 1979; Obin, 1986: Obin and Vander Meer, 1988). Congruency was 
found between the hydrocarbon composition of postpharyngeal gland contents 
and those of the cuticular washes (Bagnbres and Morgan, 1991; Do Nascimento 
et al., 1993). Recent studies pointed to the role of the postpharyngeal gland in 
storing and mixing the recognition chemicals and reapplying them on the cuticle, 
creating a unified colony odor (Soroker et al., 1994, 1995). 

Earlier studies with Cataglyphis cursor have shown a correlation between 
intercolonial aggression and the geographic distance between colonies (Now- 
bahari and Lenoir, t984; Nowbahari et al., 1990). In this species, whose col- 
onies multiply by fission, allocolonial workers that originate from neighboring 
nests are readily accepted, whereas workers originating from distant colonies 
are always rejected. 

Cataglyphis iberica is a monogynous and polydomous species that is lim- 
ited to the Iberian peninsula (Tinaut and Plaza, 1989; Cerd~i and Retana, 1992). 
Each colony is composed of several satellite nests, between which there is an 
exchange of  individuals through adult transport. Its biology is typical of  the 
majority of species in this genus: it is a diurnal scavenger ant species that is 
active during the hottest period of the day (Cerd~i, 1988; Cerd~i and Retana, 
1988). 
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In this study, we tested colonial closure in C. iberica and compared inter- 
colonial aggression in relation to divergence in their cuticular hydrocarbon pro- 
files and the geographic distances separating the colonies. 

METHODS AND MATERIALS 

Origin and Rearing of Colonies. This study was conducted with six colo- 
nies collected from two different populations in Spain, about 600 km apart. 
Three colonies were collected near Barcelona (population B): colony B1, col- 
lected from Bellaterra, was comprised of three satellite nests containing a total 
of t650 workers. Colonies B2 and B3 were both collected from Sant Cugat (3 
km away from Betlaterra), each of which was comprised of two satellite nests 
containing a total of 1918 and 975 workers, respectively. Three additional col- 
onies were collected in the province of Murcia (population M). Colony M 1 was 
from La Paloma (near Murcia) and included two satellite nests with a total of 
1260 workers. Colonies M2 and M3 were collected from Cabo de Gata (about 
200 km South from La Paloma) each composed of a single nest containing 450 
and 325 workers, respectively. 

In the laboratory, the colonies were reared in plastic boxes (11.5 x 8.0 x 
2.5 cm) in which the interior relative humidity was maintained at 50%. Each 
satellite nest occupied one box, but all satellites belonging to the same colony 
were connected by plastic tubes to a common foraging arena (35 x 35 cm). As 
the species is very thermophilic (Cerd~i and Retana, 1988), the arena was heated 
to 25 + 2°C by a lamp to allow adequate temperatures for foraging activity. 
Food (meal worms, cricket larvae, honey-apple mixture) was provided three 
times a week and water ad libitum. The nests were maintained at 10 : 14 D : L 

photoperiod. 
Introduction of Workers into an Allocolonial Arena. For each test one 

worker was introduced into an allocolonial foraging arena that was lined with 
filter paper. Tests were performed with at least a 1-hr break between replicates, 
and the filter paper was changed for each replicate. The behavioral interactions 
with the resident ants were observed while measuring two time variables: the 
latency before the first attack (first attack time), and the time it took to kill the 
introduced worker (death time). The number of resident workers that were pres- 
ent in the arena was monitored at the beginning of each test. All tests were 
conducted between 10:00 and 16:00 hr during the daily activity period of the 
ants when foragers were present in the arena. Each test lasted until the introduced 
worker was killed. The tests conducted included all possible combination of the 
six colonies: B x B (43 tests), M x M (52 tests), and B x M (22 tests). 

Dyadic Encounters. Tests of internidal aggression consisted of encounters 
between two alien ants in a neutral arena made up of a circular plastic box (8 
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cm in diameter) coated on the inner walls with Fluon. Betbre each test the arena 
was thoroughly cleaned with alcohol. Each encounter lasted for 10 rain and 
involved individuals originating from different colonies that were either taken 
from the same population (type I encounters, six combinations) or taken from 
different populations (type II encounters, nine combinations) (see Table I below). 
Initially, five replicates were performed for each combination, which involved 
different individuals in order to avoid familiarization or cross-contamination by 
cuticular lipids. The behavior of only one of the contestants (alternatively 
selected) was recorded in each test, and aggression was calculated as relative 
frequencies of aggressive acts out of the total interactions observed during the 
encounter. The following behaviors were considered as aggression: opening of 
the mandibles, biting, or flexing the gaster. On the other hand, mutual inves- 
tigation and submissive posture were considered to be neutral or amicable acts. 
In a few of the tests ( - 12%) there were neither contacts nor interactions between 
the ants, and the ants displayed mutual avoidance. Such indifference is also 
often observed in the field. These cases were excluded from further calculations 
to avoid an artificial lowering of the magnitude of aggression and therefore bias 
the statistics. 

Chemical Analysis. For the chemical analyses, postpharyngeal glands of 
30 ants from each population were dissected under distilled water and imme- 
diately immersed in t00/~1 of pentane for extraction. The pooled samples were 
analyzed by coupled gas chromatography-mass spectrometry (Finnigan quad- 
rupole or Fisons MD800 quadrupole) in the El and CI (using methane as reagent 
gas) modes. The samples were main on an HP-5 fused silica capillary column 
that was heated from 150°C to 250°C at a rate of 5°C/rain, or alternatively on 
a DB-5 fused silica capillary column that was temperature programmed from 
120°C to 300°C at 3°C/rain with an initial hold of 3 rain. The various hydro- 
carbons were identified by their fragmentation patterns as compared to published 
spectra (Nowbahari et al., 1990: Bagnbres et al., 1991). 

The contents of the postpharyngeal and cuticular washes were compared 
by gas chromatography using the elution pattern and including reference com- 
pounds. 

To compare cuticular hydrocarbon profiles between colonies used in the 
behavioral studies, cuticular washes from individuals were analyzed by gas 
chromatography. Six individuals were taken at random from each of the colonies 
and individually analyzed: each ant was washed for 10 min in 1 ml of acetone. 
The solution was then dried by nitrogen and the residue was redissolved in 30 
#1 acetone, of which 2 t~I were injected into a gas chromatograph (Delsi 300) 
equipped with a capillary column (Chrompak CPSIL 5 WCOT 25 m x 0.22 
mm in diameter), temperature programmed from 100°C to 280°C at a rate of 
3°C/rain). Peak integration was accomplished with an ENICA 21 integrator. 

Calculations and Statistical Methods. All calculations and comparisons 
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were made by using the mean + SE. The ~ value for all the statistical tests 

used (discriminant analysis, Fisher's PLSD, X 2, Mann-Whitney, and Pearson's) 

was less than 5%. The comparison of cuticular profiles of individuals from the 

studied colonies was performed by a discriminant analysis (Statistica for Win- 
dows) based on the compounds with a relative intensity above 1% in at least 
one of the samples (a total of 33 compounds). 

RESULTS 
Aggression Towards Ants h~troduced into Allocohmial Arena. All ants 

introduced into an allocolonial arena were eliminated without a single case of 

adoption, The resident ants in the arena were very aggressive towards the alien 
intruders and engaged in mortal attack as soon as the intruder ant was detected 
in the arena. The average latency to the first attack was 19, 1 + 3.3 sec, and 

the average time that elapsed until the alien ant was killed was 17.0 _ 2.3 rain. 
Significant relationships were found between the two variables (the first attack 
time and the death time) and the number of foragers present in the arena (Pear- 

son's r = 0.25, P = 0.007 in both cases), but the low r "~ (=0.06) value indicated 
that the level of aggressive response was only weakly dependent on the number 

of resident foragers in the arena. 
In addition, the geographic distance between the colonies did not influence 

the latency of the first attack (Pearson's r = 0.11, NS), but geographic distance 
was weakly but significantly correlated with death time (r = 0.37, P < 0.001). 
The greater the geographic distance between the tested colonies, the quicker the 

alien ants were eliminated. 
Aggression during Dyadic Encounters. In eight of the 75 dyadic encounters 

conducted there were no interactions between ants. These ants neither moved 

nor was there was any contact between them. These encounters were therefore 
excluded from further calculations in order to avoid any artificial reduction in 
the mean aggressive response. In the 67 encounters taken for analysis, workers 

of C. iberica always engaged in aggressive interactions after a short antennal 
contact, and rarely manifested neutral or amicable behavior, This is reflected in 
the high value of the frequency of aggressive acts calculated tot all the encoun- 

ters (0.70 + 0.03). 
The frequency of aggressive acts was rather homogeneous between the 

various combinations, ranging from 0.48 for the encounters involving ants from 

colonies B3 and MI to 0.87 for the encounters between ants from colonies B2 
and B3. When tests are grouped as type I encounters (workers originating from 
different colonies from the same population) and type II encounters (workers 
originating from colonies from different populations), no differences were tbund 
between the mean values of aggressive frequencies ['or each type of dyadic 
encounter (Table 1, U Mann-Whitney test, P > 0, 1). 
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TABLE 1. AGGRESSIVE FREQUENCIES (MEAN ~ SE) FOR TYPE I AND II ENCOUNTERS" 

Dyadic tests Aggression frequency 

Type 1 tests 
BI-B2{5J 0,69 5: 0.1t 
BI-B3(5I 0.63 5:0.14 
B2-B3~5~ 0.87 5 :008 
B-B(15) 0.73 _4- 0.07" 
MI-M2(4) 0.71 +_ 0.12 
MI-M3(3) 0.54 5:0.12 
M2-M3(5) 0.72 +_ 0.14 
M-M(12) 0.67 5: 0.07" 

Type tl tests 
Bt-MI(5} 0.58 5:0.17 
BI-M2(5} 0.73 5:0.08 
BI-M3(4) 0.85 5:0.10 
B2-MI(5} 0.73 _+ 0.08 
B2-M2(5) 0.70 5:0.12 
B2-M3(4} 0.86 5:0.07 
B3-MI{4~ 0.48 5:0.15 
B3-M2(4) 0.76 5:0.09 
B3-M3{4) 0.65 5:0.08 
B-M(40) 0.70 5: 0.04" 

"No differences were found between intrapopulation mean values (Fisher's PLSD, P > O, I). 

We further tested whether the levels of intercolonial aggression within a 
population differed from that between populations. The frequency of  aggressive 
acts in the tests within a population (0.73 + 0.07 and 0.67 + 0.07 for popu- 
lations B and M, respectively) was as high as the frequencies in the tests between 
populations (0.70 _+ 0.04) (Table 1, Fisher's PLSD, P > 0.10). 

An examination of the workers after an hour of  a dyadic encounter showed 
that despite the high aggression between the ants, the dyadic interactions rarely 
ended in death (18 deaths of 134 tested workers) or injury (24 injured of 134) 
to one or both ants. The number of  injured and killed workers was not different 
between type I and type II encounters (X 2 = 0.064, P = 0.8). 

Chemical Analysis. The postpharyngeal gland exudates of  ants from the 
two populations contained almost exclusively saturated hydrocarbons, including 
n-alkanes and mono- and dimethyl alkanes ranging from CI_~ to C34. There was 
an additional series of monomethyl and dimethyl n-alkanes of higher molecular 
weight, but the intensities of the peaks did not allow proper identification (Table 
2). The hydrocarbon profiles from ants belonging to populations B and M were 
qualitatively similar but differed quantitatively. The dominant compounds in the 
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ants from both populations were nonacosane and a series of monomethyl and 
dimethyl nonacosanes. Ants from the Murcia population were distinguishable 
from those from the Barcelona population by having a larger proportion of 
heptacosane and octacosane compounds, notably C27 and its 13-, 11-, and 
3-methyl branched derivatives, 12-methyl C2~ and a mixture of 11- + 13- + 
15-methyl C28. These were present only in traces in individuals from population 
B. Finally, Barcelona ants were distinguishable by having a larger proportion 
of hydrocarbons with heavier molecular weight corresponding to hentriacontane, 
a series of  monomethyl and dimethyl hentriacontane, and dimethyl dotriacon- 
tane. 

Cuticular hydrocarbon profiles of the 36 ants from the six colonies were 
analyzed by discriminant analysis (Figure I). A plot of  the first and the second 
variables shows that individuals belonging to the same population clustered 
together forming two clearly separated groups. These two groups were separated 
mostly by the first discriminant variable. Within each population, individual 
grouping according to colony origin is apparent, and colonies were well sepa- 
rated by the second discriminant variable. The compounds that had an important 
weight in the analysis were heptacosane and a mixture of its 1 1-, 13-methyl- 
branched derivatives and 12-methyl Czs. It is worth noting that colony M l, 
which clustered distantly from M2 and M3 based on the hydrocarbon profile, 
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FIG. 1. A plot of the first two principal variables in the discriminant analysis of cuticular 
hydrocarbons of the six colonies of Cataglyphis iberica. Each colony group is surrounded 
by the confidence ellipse (P < 0.05). 
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was also geographically separated by 200 km from these two colonies (which 
were collected from the same locality). 

We also conducted a discriminant analysis within each population on the 
basis of the same peaks. The results confirmed those shown in Figure 1. For 
the 18 ants analyzed on the basis of their cuticular profile within each population, 
individuals clearly clustered together according to their colony origin. Within 
population B, the compounds that had an important discriminant impact were a 
mixture of 15-, 13-, 11-, and 5-methyl C,,~ and 5,9-dimethyl C29; while for 
population M, the discriminant compounds were 3-methyl C27, 4-methyl C~_~ 
and 7-methyl C~9. This indicates that profile disparities between populations 
(B-M) and within populations (B-B or M-M) are not due to the same com- 
pounds. 

DISCUSSION 

Polydomous ant species are generally polygynous, with a low nestmate 
recognition system that seems to be the consequence of  the low intracolonial 
relatedness (H611dobler and Wilson, 1977; Breed and Bennett, 1987; Bourke 
and Franks, 1995). This low nestmate recognition system was observed, for 
example, in Linepithema humife (Iridomyrmex hurnitis) (Markin, 1968; Benois, 
1973; Keller and Passera, 1989), Amblyopone pallipes (Traniello, 1982), and 
Mvrmica incompleta (Lenoir et al., 1989). In C. iberica, societies are polydo- 
mous, but with a single queen per colony. Our results show that these colonies 
are very closed towards alien conspecifics. Because the colonies are monogy- 
nous, we suggest that this intolerance may be due to a high intracolonial genetic 
relatedness. However, monogyny is not systematically associated with a high 
colonial closure. In C. cursor, which is monogynous but monodomous 
(Cagniant, 1976), very little aggressive behavior is observed when the individ- 
uals come from the same site (Nowbahari and Lenoir, 1984). This low level of 
aggressive behavior can be explained by its mode of  colony foundation, which 
is achieved through fission, resulting in high genetic relatedness between prox- 
imate colonies (Lenoir et al., 1988). The high level of colonial closure in C, 
iberica might have originated from the mode of colony foundation. Some field 
observations suggest that in this species there is an independent mode of colony 
foundation (X. Cerd~i, unpublished data), which, contrary to fission, results in 
genetic and geographic proximity being opposed. Thus, even neighboring col- 
onies of C. iberica may be genetically dissimilar. 

The comparative analysis of cuticular washes revealed quantitative differ- 
ences in hydrocarbons between the tested colonies. Colonies from the same 
population (B or M), although distinct from each other, had more similar patterns 
than between populations. This suggests that nests from Barcelona and Murcia 



2184 DAHBI, CERD,~, HEFETZ, AND LENOIR 

comprise disparate populations. There is also an indication that the disparity 
between nests within a population may increase with geographic distance. This 
was evident from the higher distance in the discriminant analysis (based on the 
hydrocarbon profile) of  one nest from Murcia that was located 200 km away 
from the others. Moreover, there is no geographical barrier between Barcelona 
and Murcia, and cuticular profiles of  ants collected between the two populations 
show a quantitative gradual divergence of  profiles (Dahbi, unpublished data). 

We may link the disparities in cuticular hydrocarbons with aggression 
exhibited by these ants towards alien ants. We base our assumption on the 
"Gestalt" model. The individuals that were used in recognition tests are nest- 
mates of those analyzed through chromatography, and we assume the presence 
of a common colonial odor for workers of the same colony (Soroker et al., 
1994). The fact that aggression between colonies was at a maximum irrespective 
of the degree of similarity in hydrocarbons profile suggests that even the small 
differences exhibited between the colonies of the Barcelona population are above 
the recognition threshold and suffice to elicit a full response. This hypothesis, 
however, has to be tested by using pure hydrocarbons at various quantitative 
combinations. 
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