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Abstract Queen mating frequency of the facultatively
polygynous ant Acromyrmex echinatior was investigated
by analysing genetic variation at an (AG)n repeat mi-
crosatellite locus in workers and sexuals of 20 colonies
from a single Panamanian population. Thirteen colonies
were found to be monogynous, 5 colonies contained
multiple queens, whereas the queen number of 2 colonies
remained unresolved. Microsatellite genotypes indicated
that 12 out of 13 queens were inseminated by multiple
males (polyandry). The mean queen mating frequency
was 2.53 and the mean genetically e�ective paternity
frequency was 2.23. These values range among the
highest found in ants, and the results are in keeping with
the high mating frequencies reported for other species of
leafcutter ants. Consistent skew in the proportional
representation of di�erent patrilines within colonies was
found, and this remained constant in two consecutive
samples of o�spring. Dissections showed that all ex-
amined queens from multiple-queen colonies were mated
egg-layers. The mean relatedness value among nestmate
workers in polygynous colonies was lower than that for
monogynous colonies. No diploid males were detected in
a sample of 70 genotyped males. Worker production
of males was detected in one queenless colony. We
discuss our ®ndings in relation to known patterns
of multiple maternity and paternity in other eusocial
Hymenoptera.
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Introduction

Relatedness between colony members is a fundamental
factor when studying the evolution and maintenance of
social behaviour in Hymenoptera in the light of kin se-
lection theory (Hamilton 1964). A tight kin structure
with highly related female nestmates has been hypothe-
sised to at least partly explain the origin and di�erenti-
ation of worker behaviour in eusocial Hymenoptera.
Colony-level variation in relatedness is also expected to
in¯uence decisions made by workers regarding sex ratio
allocation (Boomsma and Grafen 1990) and the mater-
nity of male o�spring (queen vs worker produced) raised
(Ratnieks 1988). The two primary factors a�ecting
nestmate relatedness in the eusocial Hymenoptera are
(1) the number and relatedness of queens sharing re-
production in the colony and (2) the number and relative
contributions of haploid males to colony o�spring (i.e.
the genetically e�ective number of males with which
each queen mates prior to colony foundation).

Multiple-queen (polygynous) colonies are found in
many species of ants, and have been shown to exert
signi®cant alterations in colony kin structure (Ross and
Fletcher 1985; Herbers 1993), although cases of func-
tional monogyny in multiple-queen colonies have also
been reported (e.g. Heinze 1993). The hypotheses for the
evolution of stable polygynous colony structures are
numerous, and have predominantly been based on kin
selection modi®ed by speci®c ecological constraints (re-
views in e.g. Herbers 1993; Bourke and Heinze 1994).
Stable polygyny normally involves the adoption of re-
lated newly inseminated queens into existing colonies
(Rissing and Pollock 1988). However, exceptions to this
general pattern may occur in some leafcutter ants, in
which associations of unrelated foundress queens may
remain intact when the colony matures (Atta texana:
Mintzer and Vinson 1985; Acromyrmex versicolor:
Rissing et al. 1989).

Like polygyny, multiple mating by queens (polyan-
dry) lowers average nestmate relatedness and is generally
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considered costly to queens in terms of energy expen-
diture and predation risk during mating (Bourke and
Franks 1995). Multiple mating by queens may be an
adaptive trait if singly mated queens risk eventual sperm
depletion (Cole 1983; Fjerdingstad and Boomsma 1998),
or if colonies with genetically more diverse o�spring
have a selective advantage (recently reviewed by
Boomsma and Ratnieks 1996). Hypotheses of the latter
type fall into four general subcategories, where ®tness
advantages to multiply mated queens accrue by (1) a
genetically more diverse worker force with a more e�-
cient division of labour (Crozier and Page 1985; Page
and Robinson 1991), (2) a genetically more diverse
worker force that is more resistant to infectious diseases
(Hamilton 1987; Sherman et al. 1988; Shyko� and
Schmid-Hempel 1991; Schmid-Hempel 1994), (3) re-
duced colony-level genetic load due to production of
diploid (sterile) males (Crozier and Page 1985; Pamilo
et al. 1994), and (4) reduced worker-queen con¯ict over
sex allocation ratio and male parentage (Starr 1984;
Moritz 1985; Queller 1993; Moritz et al. 1995; Ratnieks
and Boomsma 1995). A considerable number of ant
species have been reported to mate multiply, but most of
these reports have been observations of multiple copu-
lations, whereas documented cases of high e�ective
queen mating frequencies in ants are rare (see Boomsma
and Ratnieks 1996 for a review). Ant species or popu-
lations where both polyandry and polygyny signi®cantly
reduce relatedness among nestmate workers have so far
only been reported in Formica (Pamilo 1993; SundstroÈ m
1993).

This study describes the results of an investigation of
parentage in both ®eld- and laboratory-raised workers
of the Panamanian leafcutter ant Acromyrmex echina-
tior, originally described as a form of Acromyrmex oct-
ospinosus (Wheeler 1937) but recently elevated to species
status (Schultz et al. 1998). The examined population of
A. echinatior contained both monogynous and polygy-
nous colonies, and we show that polygyny is likely to
reduce relatedness among nestmate workers. Our study
further demonstrates that queens mate multiply, result-
ing in e�ective paternity frequencies substantially higher
than those reported for most other multiply mated
species of ants. We conclude that this combination of
traits makes A. echinatior highly suitable for future de-
tailed tests of hypotheses for the evolution and mainte-
nance of multiple queen mating in ants.

Methods

Field collections and sampling

Twenty colonies of A. echinatior were dug up in a remnant of
secondary-growth forest in Gamboa, Panama in April±May 1993
and 1994, and January±February 1996. In 7 of these colonies, all
queens, alates (winged females and males) and samples of workers
were collected, frozen and later stored at )70 °C. In 13 other col-
onies, all queens were collected alive along with a number of
workers and fragments of their symbiotic fungus. Additional

samples of workers from these colonies were collected and frozen
immediately. The live colonies were transported back to Aarhus
and maintained in the laboratory at a constant temperature of
25 °C and a relative humidity of 60±70% in the rearing room
(humidity in the fungus garden close to 100%) so that new broods
of workers and alates could be collected over the following years.
Seven of the 20 colonies were a�ected by the presence of a newly
discovered social parasite, Acromyrmex insinuator (Schultz et al.
1998). In these colonies, most or all sexual o�spring collected were
the progeny of one or several parasite queens, while most of the
workers (including all large workers analysed in this study) were
daughters of the host queen. A detailed account of the impact of
this social parasite will be reported elsewhere.

The queens from two polygynous (two queens per colony)
laboratory colonies were dissected to elucidate their reproductive
status. All four queens had enlarged spermathecae and consider-
able ovarian development with dark yellow bodies (corpora lutea),
showing that all were egg-layers. At the time of dissection, the
colonies of these queens had been kept at mature size in the lab-
oratory for 4 and 5 years, respectively. No other queens from
polygynous colonies were available for dissection for this experi-
ment, but based on the observations from these two colonies it was
assumed that polygyny in multiple-queen colonies of A. echinatior
is functional.

Molecular methods

Molecular data were obtained from ®eld-collected workers from
each of the 20 colonies. In addition, samples of workers from 11 of
the 13 colonies brought into the laboratory were analysed 6±36
months (mean � SD = 24 � 15 months) after transfer. From
each of the colonies sampled and frozen in the ®eld, the genotypes
of 15 workers, the queen(s), 5 males, and 5 females (when available)
were analysed. From each colony kept in the laboratory, 25±30
workers were collected for analysis, along with 15 workers collected
in the ®eld and 5 alates of each sex (when available).

DNA extractions from individual ants were carried out ac-
cording to the CTAB procedure following Doyle and Doyle (1987).
Genetic DNA polymorphism was investigated with the microsat-
ellite primer pair Etta5±6TF designed by Fjerdingstad et al. (1998).
The primers were originally designed to amplify microsatellite
DNA from the leafcutter ant Atta colombica, but proved to amplify
polymorphic DNA fragments in A. echinatior as well. The primers
were designed to match sequences ¯anking a core sequence of
(AG)n repeats, and ampli®ed DNA products of 100±200 bp in
length.

For each individual ant, PCR was carried out by setting up 6-ll
reactions with 2 pmol of each primer (one primer being end-la-
belled with c-33P-dATP), 0.2 mM dTTP, 0.2 mM dGTP, 0.2 mM
dCTP, 0.2 mM dATP, 0.24 units DyNAZyme II DNA polymerase
and 1 ll of template DNA solution (~3 ng DNA/reaction). The
DNA was ampli®ed in a Peltier Thermal Cycler, programmed to
denature at 94 °C for 3 min followed by 40 cycles of 40 s at 94 °C,
40 s at 58 °C, 40 s at 72 °C. The last elongation step was length-
ened to 10 min. The ampli®cation products were diluted with 2.5 ll
formamide loading dye, denatured by heating to 95 °C and there-
after separated electrophoretically on 6% denaturing polyacryl-
amide gels (0.2 mm) run at 58 W for 2 h. Radiograph ®lms were
exposed to the dried gels, developed and the genotype of each in-
dividual scored. Radiographs of the electrophoresis gels showed
ampli®cation products of four di�erent sizes (183, 187, 189 and 191
bp), signifying that the locus Etta5±6TF had four segregating al-
leles in this sample of A. echinatior.

Analysis of mating frequency

Five of the 20 colonies had coexisting A. echinatior queens (4 col-
onies with two, and 1 colony with four queens). In 2 additional
colonies, the exact queen number remained unresolved due to in-
adequate sampling. These 7 colonies were excluded from the
analysis of queen mating frequency, since the genetic resolution was
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insu�cient to distinguish colony o�spring produced by one mul-
tiply mated queen from those produced by two or more singly
mated queens.

The mating frequency of queens (expressed as the number of
putative patrilines observed within a colony) and the parental ge-
notypes were inferred from the observed genotypes of queens and
their o�spring (Pamilo 1993). When queen genotypes were not
available (due to non-destructive sampling), these could be recon-
structed, either from worker genotypes (n � 4) or on the basis of
colony male o�spring (n � 5) (assuming that workers do not
normally lay viable eggs themselves; see Results for a justi®cation
of this assumption).

Once the queen genotype was identi®ed, the number of paternal
genotypes necessary to explain all observed o�spring genotypes
could be established. The only shortcomings of this procedure were
that multiple mating could not be detected if mates had identical
genotypes (Pamilo 1982; Boomsma and Ratnieks 1996), and that
some paternal genotypes remained uncertain when a heterozygous
queen had diploid o�spring with an identical heterozygous geno-
type (Pamilo 1982). In cases like this, mating frequencies of queens
were estimated parsimoniously, so that when there was uncertainty
about whether a colony had a heterozygous queen that had mated
once, or a homozygous queen mated twice, the former was always
assumed. By following this procedure, mating frequency may thus
have been underestimated in some cases.

Estimates of e�ective queen mating frequency (me) address the
relative contribution of each father to colony o�spring. If the
queen's mates do not contribute equally to her o�spring (paternity
skew), the e�ective mating frequency is lower than the absolute
number of males and average relatedness between colony o�spring
is higher (Starr 1979, 1984; Boomsma and Ratnieks 1996). E�ective
queen mating frequency was estimated for each colony following
Pamilo (1993), ®rstly as the harmonic-mean mating frequency
�me;p � 1=Rp2i , where pi is the proportional contribution of male i)
and secondly corrected for binomial sampling error
{me;y � 1=��NRp2

i ÿ 1�=�N ÿ 1��, whereN is the number of o�spring
analysed for each individual colony}. Assuming random mating,
and following the notation of Pamilo (1993), the relatedness
(g) among nestmates then follows from the relationship
g � 0.25 + 1/2me. This equation gives colony-level relatedness es-
timates based on pedigree information, inferred via parent-o�spring
analysis.

An alternative method for analysing queen mating frequency is
by estimating the regression relatedness values among female
nestmates (b�) via the identity-by-descent method (Queller and
Goodnight 1989). This method was applied directly to the observed
worker genotypes via the computer program Relatedness 4.2c
(Goodnight and Queller 1995). Independent estimates of the ge-
netically e�ective queen mating frequency could thus be produced
via the relationship b� = 0.25 + 1/2me.

Results

Even with the relatively limited information from a
single marker locus with four alleles it was possible to
detect multiple mating in 12 of the 13 queens from
monogynous colonies. The observed number of patri-
lines detected per colony varied between 1 and 4 (Fig. 1)
with an arithmetic mean mating frequency of 2.53. Es-
timates of e�ective queen mating frequency (me,p) gave
an average of 2.09. When corrected for sampling error
(me,y), this average came out at 2.23 (Table 1).

The observed worker genotypes from ®eld and lab-
oratory samples of the same colony were very similar,
indicating that no or very few queens had been missed
during ®eld excavations. In all colonies but one (where a

rare patriline was detected in the ®eld, but not in
laboratory-produced o�spring), all patrilines found in
the ®eld were also found after transfer to the laboratory.
Furthermore, the e�ective number of patrilines (me,p,
monogynous colonies only) did not di�er signi®cantly
between ®eld- and laboratory-reared o�spring (two-
tailed Wilcoxon's signed rank test: n = 7, P = 0.297).
Regression relatedness among nestmates (b�, all labo-
ratory colonies irrespective of queen number) was also
similar for ®eld- and laboratory-collected individuals
(two-tailed Wilcoxon's signed rank test: n = 11,
P = 0.123; Fig. 2), so that the genetic data for ®eld- and
laboratory-collected o�spring were pooled in the sub-
sequent analyses. The average regression relatedness
(�SE) among nestmate workers over all 20 colonies
(in total 571 worker o�spring) was 0.347 � 0.052.
Relatedness estimates per colony on the basis of 9±43
genotyped individuals per colony (mean � SD =
28.5 � 12) varied between 0.108 and 0.718. In spite of
the large standard errors associated with these colony-
level estimates, the regression relatedness estimates (b�)
for monogynous colonies corresponded relatively well
with pedigree relatedness estimates (g) obtained from the
estimated e�ective mating frequencies (one-tailed
r = 0.581, P < 0.018), as did the mean values taken
across colonies (Table 1).

Fig. 1 Observed number of patrilines (m, hatched bars) and e�ective
number of patrilines (me,y, black bars) in 13 monogynous colonies of
Acromyrmex echinatior

Table 1 The mean number of detected patrilines per colony (m),
the harmonic mean e�ective paternity (me,p) and the sample-size-
corrected e�ective paternity (me,y) based on 13 monogynous
colonies of Acromyrmex echinatior. Also given are the average
pedigree relatednesses (g) corresponding to the three estimates of
queen mating frequency, and the mean regression relatedness of
female o�spring (b�) calculated for the 13 monogynous, and 5
polygynous colonies. Values are the mean � SE

m me,p me,y

Mean mating frequency 2.53 � 0.21 2.09 � 0.13 2.23 � 0.14
Range 1±4 1±2.92 1±3.08
Mean colony g 0.45 0.49 0.47
Mean b� (monogyny) 0.40 � 0.04
Mean b� (polygyny) 0.26 � 0.05

105



Worker genotype frequencies did not indicate any
inbreeding (FIS = )0.020, jack-knife SE = 0.053).
Compared to the worker allele frequencies, the esti-
mated allele frequencies in putative fathers were
overall more uniform (relative frequencies for 571
workers from 20 colonies: 0.072, 0.335, 0.409 and
0.184; and in 34 putative fathers from 13 monogynous
colonies: 0.176, 0.265, 0.265 and 0.294), probably in-
dicating that patrilines with common genotypes were
missed more frequently than those with the rare ge-
notypes. The discrepancy in allele frequencies between
putative fathers and o�spring could also result from
the parsimonious method used for estimating queen
mating frequency when the queen genotype was un-
known (n = 4). The non-detection error of patrilines
due to limited variation at the marker locus can be
quanti®ed precisely only for populations with single
and double queen mating (Pamilo 1982; Pedersen and
Boomsma, in press). However, as a crude approxima-
tion, one may use the sum of the squared population-
wide allele frequencies among males as an average
probability for each observed patriline to have been
two patrilines carrying an identical father allele (Pa-
milo 1993; Boomsma and Ratnieks 1996). This average
non-detection error was between 26 and 41%, de-
pending on whether the observed allele frequencies
among putative fathers or queens were used, respec-
tively, implying that, on average, roughly one queen
mate with a signi®cant share in worker paternity was
missed in each colony. The distribution of patrilines
and the e�ective paternity in Fig. 1 are therefore both
underestimates.

As expected (Pamilo 1982, 1993; Boomsma and
Ratnieks 1996), there was a positive association be-
tween the number of o�spring analysed per colony and
the detected number of patrilines (one-tailed r = 0.527,
n = 13, P < 0.032), whereas the colony-speci®c

regression relatedness estimates were independent of
sample size (one-tailed r = )0.190, n = 13, NS). This
suggests that, even though the exact mating frequencies
of queens were underestimated when sample sizes were
small, most of the missing mating types were uncom-
mon and did not greatly a�ect the estimates of relat-
edness among nestmates. This is further illustrated by
the fact that there appeared to be a consistently skewed
distribution of patriline frequencies (Fig. 3), although
the sample sizes were too small to test the signi®cance
of this skew statistically. The relative frequencies of
individual patrilines remained constant between sam-
ples of ®eld- and laboratory-reared workers (homoge-
neity tests of the representation of individual patrilines
performed separately for all colonies, P > 0.1 for all
tests). Extrapolating the skew pattern of Fig. 3 to in-
clude the one extra queen mate that was probably
missed in each colony, an overall Spi2 estimate of 0.34
was obtained, giving an estimate of me,y of 3.14 and an
estimate for g of 0.41, which was close to the estimate
of b� = 0.40 found in monogynous colonies. Note that
this inference does not exclude the possibility that more
fathers with small contributions to the worker o�spring
were missed.

Based on the female and male o�spring genotyped in
this study (7 monogynous and 3 polygynous colonies
produced males) none of the 20 colonies could be shown
to be e�ectively polygynous. Still, estimates of nestmate
relatedness generated by the identity-by-descent method
did show a marginally signi®cant lower average relat-
edness for colonies with more than one A. echinatior
queen (mean b�, polygyny � SE = 0.26 � 0.05) than for
colonies with a single queen (mean b�, monogyny � SE =
0.40 � 0.04; one-tailed t = 2.058, df = 16, P = 0.056).

In one queenless laboratory colony, males were pro-
duced that di�ered in genotype from that of the de-
ceased, genotyped queen. The genotype of these males
was compatible with one of the worker patrilines, indi-
cating that the males were worker produced. None of the
70 genotyped males was diploid.

Fig. 2 Relationship between the regression relatedness values (b�)
estimated from worker samples collected in the ®eld and in the
laboratory. Monogynous colonies are indicated by closed circles,
polygynous colonies by open circles, and one colony with unknown
queen number by a triangle

Fig. 3 Mean (+SE) relative frequencies of the most to the least
common patrilines (P1 > P2 > P3 > P4), in colonies with two
observed patrilines (black bars, n � 5), three observed patrilines
(hatched bars, n � 6), and four observed patrilines (open bars, n � 1)
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Discussion

Multiple queen mating and paternity in ants

The e�ective queen mating frequencies (me) reported in
this study are minimum estimates, as a maximum of only
four queen mates could be detected with the available
molecular tools. The estimate su�ers from a non-detec-
tion error, resulting in an expectation of detecting ap-
proximately two out of three queen mates. The
regression relatedness estimates (b�) give some idea of
overall colony relatedness patterns within the popula-
tion of A. echinatior, but this approach will also only
give an accurate estimate of me with a much higher
number of polymorphic marker loci (Queller and
Goodnight 1989). None the less, the correction based on
an overall non-detection error of approximately 1/3
produced an estimate of pedigree relatedness (g) similar
to the independently estimated average regression re-
latedness (b�). Even with the relatively large standard
errors associated with single-locus estimates of regres-
sion relatedness, it could still be shown that within-col-
ony relatedness remained constant over time (Fig. 2).

The me values reported here range among the highest
reported for any eusocial hymenopteran. Leafcutter ants
are generally considered to have high mating frequen-
cies, although earlier estimates were mostly based on
observations of copulation or sperm counts (e.g. Moser
1967; Weber 1972). Recently, however, Reichardt and
Wheeler (1996) showed that multiple mating is common
in the desert leafcutter ant A. versicolor by combining
sperm counts and genetic paternity analysis of o�spring
from two colonies. Another study using genetic markers
and sperm storage analysis (Fjerdingstad and Boomsma
1997, 1998; Fjerdingstad et al. 1998) showed that me is
close to 2 in a population of the leafcutter ant A. col-
ombica living in the same area as our A. echinatior
population. In another sympatric and exclusively
monogynous Panamanian population of A. oct-
ospinosus, the queen mating frequency was found to be
6.1, with nestmates having an average regression relat-
edness (�SE) of 0.326 � 0.044 (Boomsma et al. 1999),
a value similar to the average relatedness level reported
here for A. echinatior (t = 0.3101, df = 40, NS).

Comparable genetic marker studies of eusocial bees
and wasps have revealed high levels of multiple paternity
in several Apis honey bees (>10 mates per queen; Est-
oup et al. 1994; Moritz et al. 1995; Oldroyd et al. 1997),
and in two species of vespine wasps (Vespula maculif-
rons: me = 7.1: Ross 1986; V. squamosa: me = 3.3: Ross
and Carpenter 1991). However, the levels of multiple
paternity found in ants have so far been considerably
lower. Pamilo (1993) detected up to six fathers per brood
in colonies of the highly polygynous Formica aquilonia,
but the overall variance between patriline contributions
within and among colonies was so high that the popu-
lation-wide me did not exceed 1.5. Other genetic mother-
o�spring comparisons in ants have so far also produced

estimates of me below 1.5 (see Boomsma and Ratnieks
1996 for a review).

Genetic diversity and microparasites

According to the genetic diversity hypothesis of Keller
and Reeve (1994), queen mating frequency is predicted
to correlate negatively with colony queen number across
ant species. The hypothesis assumes that high genetic
variability has a selective advantage per se, and that
polygyny and polyandry can be di�erent evolutionary
strategies for maintaining high within-colony genetic
diversity. Queens in multiple-queen societies are there-
fore predicted to avoid costly multiple matings, since the
within-colony genetic variation is already high owing to
polygyny. The results from our study do not seem to
support this hypothesis in general, as e�ective mating
frequencies above two would probably not be expected
to occur when polygyny is as common (28%) as in our
A. echinatior population. Nevertheless, it remains pos-
sible that future studies will show that queen mating
frequency is lower in polygynous than in monogynous
colonies of A. echinatior, or that the across-species dif-
ferences in (facultative) polygyny between A. echinatior
and A. octospinosus are correlated with di�erences in
queen mating frequency.

Ants have unique metapleural glands capable of
producing substances with antibiotic activity (e.g. Veal
et al. 1992). If microbial pathogens are a major cause of
colony mortality, a genetically more diverse worker force
may be able to produce a wider spectrum of antimicro-
bial substances. This e�ect could be especially signi®cant
in leafcutter ants, since these not only need protection
from entomopathogens, but also must protect the clonal
symbiotic fungus on whose survival they are entirely
dependent (Boomsma et al. 1999). Leafcutter ants fur-
thermore display distinct defensive behaviour when in-
oculated with entomopathogenic fungi (Diehl-Fleig and
de Paula Lucchese 1991). In this context it is interesting
to note that metapleural glands of individual workers of
A. echinatior and A. octospinosus are disproportionally
large and variable in size (Bot and Boomsma 1997).

Facultative polygyny and social parasitism

Twenty-eight percent of the colonies in our sample were
polygynous. This, along with high degrees of multiple
mating, gives a uniquely high variation in colony kin
structure not known to exist in single populations of
other species of ants, bees or wasps (see Fig. 2). The
genetic data presented here could not reveal information
about the relatedness among, and the reproductive
contributions of queens in polygynous colonies. How-
ever, the marginally signi®cant lower nestmate related-
ness found in polygynous colonies may imply that at
least some coexisting queens are unrelated. In the lab-
oratory, newly mated A. echinatior queens willingly
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initiate colonies in association with other young queens
(A.N.M. Bot, personal communication). Acromyrmex
queens forage for leaves prior to the emergence of the
®rst brood of workers (Weber 1972; Rissing et al. 1989;
Diehl-Fleig and de ArauÂ jo 1996), and colony initiation
success seems to rely heavily on the e�ciency with which
a queen tends and nourishes her fungus garden (Diehl-
Fleig and de Paula Lucchese 1992). Associations of co-
founding queens therefore greatly bene®t from enhanced
provisioning rates during colony foundation, irrespec-
tive of relatedness (Rissing et al. 1989). Polygyny by
foundress association is common in ants, but in most
cases the association becomes unstable as the colony
matures (reviewed by Rissing and Pollock 1988). Only
one species, the desert leafcutter ant A. versicolor (Ris-
sing et al. 1989), has been reported to have a
pleometrotic colony structure that is not reduced to
monogyny after the emergence of the ®rst workers.
Whether the facultatively polygynous colony structure
observed in A. echinatior is the result of such foundress
associations or of secondary adoption of daughter
queens therefore remains an interesting question for
future investigation.

Several authors have described polygyny as a weak
case of intraspeci®c parasitism (Elmes 1973; Buschinger
1990; Bourke and Franks 1991). Furthermore, HoÈ lldo-
bler and Wilson (1990) have pointed out that polygyny
may necessitate a relaxation of kin discriminatory
abilities, leading to a weaker aggressive response to non-
relatives. Polygyny based on colonies normally accept-
ing relatives as extra queens could thus lead to the
sympatric evolution of `parasite' queens that gain en-
trance to existing colonies irrespective of relatedness
(Elmes 1973). Colony residents are expected to evolve
counter-discrimination against such parasitic behaviour,
but such responses are unlikely to be completely e�ec-
tive. In this context, it is interesting to note that a social
parasite, A. insinuator, closely related to A. echinatior,
can reproduce successfully in colonies of A. echinatior
but not in colonies of the exclusively monogynous and
apparently less related congener A. octospinosus living in
the same locality (Schultz et al. 1998).
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