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Nestmate relatedness in the Australian ant Myrmecia pyriformis SMITH, 1858 (Hymeno-
ptera: Formicidae)

Matthias SANETRA

Abstract

We investigated the genetic structure of 19 colonies of the myrmeciine ant Myrmecia pyriformis SMITH, 1858, using
five microsatellite loci. Nestmate relatedness of b = 0.51 + 0.04 significantly deviated from the theoretical value of
0.75, which is expected in a monogynous monandrous social system. The occurrence of multiple mating by queens was
the most likely explanation in the majority of colonies, and the effective number of male mates was estimated to be 2.60.
However, multiple female reproductives were also inferred in some cases. The results correspond well both to observa-
tions on promiscuous mating behaviour in the winged sexuals of some species of Myrmecia and to the occurrence of gam-
ergates (mated workers) in M. pyriformis. The finding of high levels of polyandry in a species with totipotent workers is
discussed with regard to the evolution of eusociality.
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Introduction

The debate about whether the origin of eusociality in ants
has evolved by the prevalence of monogamy (having only
one mate during a lifetime) and therefore is based on high
nestmate relatedness has yet to be fully resolved (e.g.,
WILSON & HOLLDOBLER 2005, WEST & al. 2007, HEINZE
2008, HUGHES & al. 2008). Relatedness-based concepts are
well known as inclusive fitness or kin selection theory
(HAMILTON 1964), on which most of the research focusing
on social insects was almost uniformly based for decades
(e.g., ANDERSSON 1984, CROZIER & PAMILO 1996, HAM-
MOND & KELLER 2004). An alternative group selection view
proposes that social life resulted from direct benefits of
cooperation between related or unrelated individuals, where
close relatedness may be more a consequence than the im-
mediate cause of eusociality (WILSON & HOLLDOBLER 2005,
NOWAK & al. 2010), but this has not been accepted by many
authors (e.g., FOSTER & al. 2006, WEST & al. 2007). How-
ever, it is not as obvious as often suggested that both hypo-
theses must be considered mutually exclusive (see HEINZE
2008, BoOMSMA 2009). A recent study by HUGHES & al.
(2008) endorses the view that kin selection has been cru-
cial to the evolution of eusociality in bees, wasps, and ants,
because mating with a single male was found ancestral in all
eight investigated eusocial lineages. On the other hand, mat-
ing with multiple males appeared to be always derived, with
high polyandry (> 2 effective mates) occurring only in spe-
cies that have sterile workers. In the light of these findings,
additional genetic data on social organization and nestmate
relatedness, especially of those species whose workers have
not lost totipotency (i.e., the potential to reproduce sexu-
ally), remain valuable tools for the reconstruction of early
ant evolution.
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Ants of the genus Myrmecia, commonly known as "bull-
dog ants", are strictly confined to the Australian zoogeo-
graphical region comprising more than ninety described
species. These ants exhibit a wealth of morphological diver-
sity ranging from very large to small species, additionally
showing an extraordinary karyotypic diversity. A compre-
hensive morphological study led to the recognition of nine
Myrmecia species groups (OGATA 1991), while a recent
molecular phylogenetic treatment of those species groups
has been provided by HASEGAWA & CROZIER (2006). Myr-
mecia is considered relatively "primitive" among living ants
due to both morphology and social organization, for which
a limited queen-worker divergence is a prominent trait
(HOLLDOBLER & WILSON 1990). However, according to
molecular phylogenetic analysis the ant subfamily Myrme-
ciinae appears nested within the formicoid clade, which also
includes some of the morphologically more derived ant sub-
families (BRADY & al. 2006). The tribe Prionomyrmecini
is the accounted sister group to Myrmecia (see WARD &
BRADY 2003), being represented only by one extant spe-
cies, Nothomyrmecia macrops CLARK, 1934, and two
fossil species of the genus Prionomyrmex.

The social organization of Myrmecia differs consider-
ably among species in that colonies can be mono- or poly-
gynous and are established independently or by colony fis-
sion. Reproductive females may be fully winged before
nuptial flight, but different kinds of intermorphs from sub-
apterous to ergatoid are also found (CLARK 1951). In addi-
tion, Myrmecia is one of several ant genera that possess
gamergates, i.e., female worker ants that are able to mate
and reproduce (DIETEMANN & al. 2004). We studied Myr-
mecia pyriformis SMITH, 1858 as an example of the typi-



cal "large bulldogs" belonging to the M. gulosa group with
over forty described species (OGATA 1991). Worker size in
M. pyriformis varies substantially. Major workers (Fig. 1a)
are almost twice as large as minors within single colonies
(DIETEMANN & al. 2004), which can contain up to a few
thousand workers. Available observations of nuptial flights
in M. pyriformis and closely related species suggest pro-
miscuous mating behaviour of the sexes (WHEELER 1916,
CLARK 1951, CROSLAND & al. 1988). After mating, young
queens found colonies independently in a semiclaustral
manner. The single dealate queen (Fig. 1b) is most conspi-
cuous inside the nest and may be accompanied by two or
three wingless intermorphs (CLARK 1951), and later on
gamergates can serve as replacement reproductives (DIE-
TEMANN & al. 2004).

Genetic data on colony structure in the subfamily Myr-
meciinae are scant. In the polygynous species Myrmecia
pilosula SMITH, 1858, pertaining to the smaller "jack jum-
pers", within-colony relatedness was estimated 0.20 on
average using isozyme electrophoresis (CRAIG & CROZIER
1979). Nothomyrmecia macrops has more recently been in-
vestigated with microsatellites, showing worker related-
ness in the monogynous colonies of 0.65 under moderate
degrees of multiple mating by queens and replacement of
the mother queen by one of her daughters (SANETRA & CRO-
ZIER 2001, 2002). Here I describe the genetic structure of
colonies in the ant Myrmecia pyriformis using microsatel-
lite analysis. In particular, it is addressed whether queens
mate singly or multiply, whether there can be multiple re-
productive females in a colony, and how the mode of re-
production affects the relatedness of nestmate workers.

Material and methods

Sample collection: Colonies of Myrmecia pyriformis were
collected in the Wildlife Reserve of La Trobe University
located in the northern suburbs of Melbourne (Victoria,
Australia; 37.7166° S / 145.0533° E) in September 1999.
This area serves the restoration and management of indi-
genous flora and fauna, providing an example of the or-
iginal River Red Gum (Eucalyptus camaldulensis) grassy
woodlands also with diverse shrub layers.

Microsatellites: Primers were developed as describ-
ed by QIAN & al. (in press). Since some of the primer
sequences are not listed as polymorphic in that study, de-
tails on the five microsatellites loci used are given here:
Mfor697 — approx. size 190 bp, Fw—atcgtagctgatatgaacgtg,
Rv—gcatgaaaatcaatatgcagt. Mpyr28 — approx. size 180 bp,
Fw—gctcgctatacatctcgtce, Rv—acaaagtggaacgataaaag. Mpyr38
— approx. size 220 bp, Fw—gaggcagaccgagtgacgag, Rv—
cgaagaatggaggcgaagtg. MpyrS7 — approx. size 300 bp, Fw—
gtgtgtacctggggctge, Rv—ttetctacctttetecttec. Mpyr81 — approx.
size 200 bp, Fw—ccctttttccgtttetcg, Rv—ttcaggcggegtaccaag.
Annealing temperatures for all primer pairs were 50°C,
except Mfor697 for which 40 - 45°C were used. Primers
were labelled with fluorescent Hex, Tet and Fam dyes and
the amplifed PCR products were electrophoresed and visu-
alized on an ABI Prism 377 DNA Sequencer. Alleles were
scored using the GENESCAN 2.0.1.™ (Perkin Elmer /
ABI) software.

Data analysis: Worker offspring were assigned to dif-
ferent patri- and matrilines by manual inspection of multi-
locus genotypes. To this end, a rather conservative approach,
aiming to reduce the number of inferred females, was used
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Fig. 1: Queen-worker polymorphism in Myrmecia pyrifor-
mis. (a) Major worker — Photo: R. Lowe; (b) dealate queen
— Photo: A. Wild.

given the knowledge that Myrmecia pyriformis usually has
only one dealate queen though additional gamergates may
occur (DIETEMANN & al. 2004). In one instance (colony
MpA), the genotype of the resident queen was known, while
the others were inferred from genotypes of workers (see
Tab. 2 for examples). The pedigree-effective mate number
could be directly obtained from the genotype data as me =1
/ Yp, where p;* is the proportional paternity contribution
of the ith male (STARR 1984). The unbiased estimate of Y p;*
corrected for sampling error after PAMILO (1993) with the
observed male contributions y;* is given by Ypi* = (NYy;* -
1)/ (N - 1). The pedigree relatedness (g) among daughters
was estimated from the effective paternity as ggqg = 0.25 +
1/(2me).

Regression relatedness (b) was calculated from wor-
ker genotypes using the program RELATEDNESS 5.0.5
(GOODNIGHT 2000), which employs the methods described
by QUELLER & GOODNIGHT (1989). Colonies were weight-
ed equally and standard errors were estimated by jack-
knifing over colonies. Expected heterozygosities (He) were
obtained from the squared sum of allele frequencies.

When calculating the total number of male mates, two
potential sources of error can occur, either from non-de-
tection caused by limited marker variation or from effects of
non-sampling. Non-detection errors were assessed through
the probability of being homozygous at a given locus de-
noted by 1 - H,, which equals the situation of two males
sharing the same allele by chance. The final probability is



Tab. 1: Parameters of colony structure in a suburban Melbourne population of Myrmecia pyriformis: total number of male
mates detected (my), pedigree-effective mate number (M), sum of squared paternity contributions (2?), daughter-daughter
relatedness inferred from pedigree analysis (gqq4), regression relatedness among nestmates (by,), number of colony mem-
bers assigned to a different reproductive (Ngr), and number of individuals sampled (ns); * dealate queen sampled; T mean

includes only multiply mated females.

Colony m, me 3y Jad By Nar ns
MpA 3* 2.88 0.35 0.43 0.52 12
MpB 2 1.95 0.51 0.51 0.50 12
MpC 1 1.00 0.75 0.88 12
MpD 4 343 0.29 0.40 0.46 12
MpE 4 2.88 0.35 0.43 0.31 12
MpF 4 343 0.29 0.40 0.28 12
MpG 4 3.67 0.27 0.39 0.36 1 12
MpH 1 1.00 0.75 0.78 10
Mpl 3 2.67 0.38 0.44 0.42 4
MpJ 2 1.60 0.63 0.57 0.21 2 10
MpK 2 1.22 0.82 0.66 0.61 10
MpL 3 1.85 0.54 0.52 0.55 10
MpM 2 1.47 0.68 0.59 0.42 10
MpN 1 1.00 0.75 0.40 3 10
MpO 3 2.63 0.38 0.44 0.47 10
MpP 1 1.00 0.75 0.89 10
MpT 2 1.36 0.73 0.62 0.68 19
Mpw 2 1.74 0.57 0.54 0.60 13
MpX 4 2.88 0.35 0.43 0.41 14
Average 2.53 2.09 0.48F 0.55 0.51 0.32 11.26
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Results 5

Genetic marker variation: The studied population of Myr- E 37

mecia pyriformis in suburban Melbourne showed 30 alleles § 5 |

at the most variable locus Mfor697. There were 19 alleles z

at locus Mpyr57, 18 alleles at locus Mpyr81, 17 alleles at 1

locus Mpyr38, and five alleles at the least variable locus .

Mpyr28. Expected heterozygosities (H.), which indicate the 0+ T T .

amount of genetic variation, ranged from 0.40 - 0.93, with 1 2 3 4

an average heterozygosity value of 0.80.

Colony structure: In the 19 investigated colonies of
Myrmecia pyriformis, a number of 1 - 4 males were detected
in the worker offspring (Tab. 1, Fig. 2). Principal reproduc-
tive females were singly mated in four colonies, doubly
mated in six colonies, triply mated in four colonies, and
had mated with four males in five of the colonies. Thus, the
number of male mates was relatively evenly distributed
(Fig. 2), resulting in a proportion of multiple-paternity
colonies of 79%. Paternity shares did not vary greatly from

Number of males

Fig. 2: Absolute numbers of singly and multiply mated fe-
males in a suburban Melbourne population of Myrmecia
pyriformis.

equality, however this needs to be examined in more de-
tail with larger sample sizes. For example, colonies MpA
and MpF had male contributions of 5/4/3and5/3/2/
2 workers, respectively (see Tab. 2).
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Tab. 2: Worker genotypes of five selected colonies of Myrmecia pyriformis at four microsatellite loci (Mpyr28 not
shown due to low resolving power). Examples for multiple mating by females: (a) 3 males detected with dealate queen's
genotype known and (b) 4 males detected with female's genotype inferred from workers’ genotypes. Examples for
incongruence of worker genotypes with only one reproductive female: (c) 1 female mated with 4 males plus 1 worker
from second female, (d) 1 female mated with 2 males plus 2 workers from second female, and (e) offspring of 2 females
singly mated with ratio 7:3. Genotypes are written in the format Allele female / Allele male, except for second females
where this could not be deduced. Numbering of alleles refers to their size and observed genotype counts are given in

parentheses.
Colony | Mfor6g7 Mpyr38 Mpyr57 | Mpyrs1
a) MpA
Female 1 Male 1 214/283 (5) 216/236 (4) 298 /302 (5) 194 /200 (2)
220/236 (1) 200/200 (3)
Male 2 2147220 (4) 216/210(2) 298 /310 (4) 194 /194 (2)
220/210(2) 200/ 194 (2)
Male 3 214/ 190 (3) 2167230 (2) 298 /298 (3) 194 /200 (1)
220/230 (1) 200 /200 (2)
b) MpF
Female 1 Male 1 180/ 188 (1) 216/212(2) 298 /292 (3) 206 /202 (2)
202 /188 (2) 226/212 (1) 218/202 (1)
Male 2 180 /202 (1) 216/214(2) 298 /308 (2) 206 /196 (2)
202 /202 (1)
Male 3 180/220 (3) 216/232(3) 298 /320 (3) 206/212 (2)
202/220 (2) 226/232(2) 300/320 (2) 218/212 (3)
Male 4 180 /230 (2) 216/212 (1) 298 /290 (1) 206/ 194 (1)
226/212(1) 300/290 (1) 218/ 194 (1)
c) MpG
Female 1 Male 1 198 /202 (4) 222/210(2) 302/302 (1) 188 /208 (1)
236/210(2) 296 /302 (3) 202 /208 (3)
Male 2 202/ 198 (2) 222/212(2) 296 /306 (1) 188 /202 (2)
302/306 (1)
Male 3 202 /198 (3) 222/210 (1) 296 /318 (1) 188 /214 (1)
236/210(2) 302/318(2) 202/214 (2)
Male 4 198 /214 (1) 222/194 (2) 296 /312 (1) 188 /202 (1)
202 /214 (1) 302/312 (1) 202 /202 (1)
Female 2 Male 1 202 /204 (1) 218/220 (1) 304 /300 (1) 194 /206 (1)
d) MpJ
Female 1 Male 1 186 /202 (1) 220/216 (3) 298 /304 (2) 198 /194 (5)
208 /202 (5) 230/216 (3) 306 /304 (4) 206/ 194 (1)
Male 2 186 /226 (1) -/ - 306 /304 (2) 198 /198 (1)
208 /226 (1) 206/ 198 (1)
Female 2 Male 1 196 /198 (1) 214 /218 (2) 302/309 (2) 200/208 (2)
208 /198 (1)
e) MpN
Female 1 Male 1 182 /212 (5) 224/216 (3) 302/302 (4) 190/ 198 (3)
208/212(2) 228/216 (4) 304/302 (3) 194 /198 (4)
Female 2 Male 1 202 /198 (2) 220/216 (1) 304 /300 (3) 206/210 (3)
208 /198 (1) 232/216 (2)

Three colonies were different from the others in that
worker genotypes could not be explained with one reproduc-
tive female only. Specifically, there were between one and
three individuals per colony clearly derived from a second
reproductive (Tab. 1). In colony MpG, 11 workers out of
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12 could be assigned to a single female that had mated with
four males. The remaining worker, however, showed only
one allele at four microsatellite loci that was shared with
the remainder of the colony. Hence it did not belong to
that half-sib family and must have resulted from a different



female (see Tab. 2). Colony MpJ consisted of eight wor-
kers most likely produced by a doubly mated female and
two workers from another female. Between these two groups
of workers, allelic overlap was again confined to a single
allele. The presence of multiple female reproductives in
Myrmecia pyriformis was probably best exemplified by
colony MpN, in which two singly mated females were in-
ferred from workers' genotypes. Seven workers were as-
signed to one female and seven workers to the other. Al-
though these workers shared some alleles (Tab. 2), their
pedigree relationship to other members of the colony was
not obvious (see discussion).

Estimates of paternity and relatedness: The total
number of males (+ standard deviation) detected per colony
by genotype inspection was 2.53 + 1.13, while the pedigree-
effective mate number was estimated to be 2.09 + 0.92. The
population-wide non-detection error due to limited varia-
tion of the marker loci was 4.4 x 10, showing that the
number of males that might have escaped detection because
of genetic identity at all loci combined should be of little
effect. However, sample sizes were fairly limited with an
average of 11.3 workers per colony. The non-sampling er-
ror was therefore potentially significant but its influence de-
pends largely on the amount of paternity skew among males.
For instance, a sample of ten individuals would include off-
spring of a male with > 95% probability if it had a pater-
nity share of more than 26%. Patterns of paternity variation
were difficult to explore in our limited samples, but males
that appeared to contribute as little as 10 - 20% to the off-
spring did occur in a number of cases. Thus, we applied
PAMILO's (1993) probabilistic sample size correction, which
increased the effective paternity estimate to 2.60 + 1.54.

Using the effective number of male mates, the pedigree-
relatedness among daughters was estimated as gqq = 0.55
+ 0.13, which, however, did not include offspring that or-
iginated from different matrilines. Even so, this estimate
was not considerably different from the average genetic re-
latedness among all nestmates, by, = 0.51 + 0.04 (Tab. 1),
as calculated by regression analysis of microsatellite geno-
types. The non-overlapping confidence interval of the gen-
etic relatedness (CI = 0.42 - 0.60) showed that the calcu-
lated mean did differ significantly from 0.75, which is the
theoretically expected value for workers produced by queens
mated with a single male.

Discussion

Analysis of microsatellites has shown that up to four males
contributed to the worker offspring in colonies of Myrme-
cia pyriformis. This suggests rather promiscuous mating
behaviour, which has been documented in the giant bull-
dog ants of the M. gulosa group as an outstanding spec-
tacle. The first account by WHEELER (1916) concerns a
mating flight of M. sanguinea SMITH, 1858 (now a junior
synonym of M. pyriformis) near Armidale in New South
Wales: "As soon as a male (and there were hundreds of
males to every female) captured a female on a bush,
other males surrounded the couple till there was a strug-
gling mass of ants forming a ball as large as one's fist. As
many as half a dozen of these balls would keep forming on
every little bush and this went on throughout the morning".
Further, CLARK (1951) provides a captivating report on a
nuptial flight in M. forficata (FABRICIUS, 1787), a close
relative of M. pyriformis, at Fern Tree Gully, Victoria:

"The flight lasted until about 5 p.m., and on this occasion
both sexes were from several large nests in the vicinity.
Many of the females flew to a height of thirty feet but
generally long before a female reached that height she was
pursued and surrounded by numerous males who pounced
on her, their combined weight immediately bringing the
cluster of winged forms to the ground with a discernible
thud, the struggling mass resembling a free fight more than
anything else". Another nuptial flight with similar features
was recorded by CROSLAND & al. (1988) on a hillock in
New South Wales in a species resembling M. pyriformis.
Given those three reports the mating behaviour of the giant
bulldog ants most closely resembles that of some more de-
rived ant species, best described in the myrmicine genus
Pogonomyrmex where large mating clusters are typically
formed and strong male competition exists (HOLLDOBLER
1976).

The pedigree effective mate number in Myrmecia pyri-
formis was 2.60, representing the highest value hitherto re-
corded in a species that has totipotent workers, which can
mate and reproduce sexually. Only a few species of po-
nerine ants with gamergates exhibit facultative low poly-
andry with the number of effective mates being only slightly
larger than one (TAY & CROZIER 2001 for Rhytidoponera
sp. 12, GIRAUD & al. 2000 for Gnamptogenys striatula),
while the remaining species investigated thus far show no
evidence of multiple mating at all (WARD 1983 for Rhytido-
ponera chalybea and R. confusa, ANDRE & al. 2001 for
Diacamma cyaneiventre, KIKUTA & Tsuit 1999 for Dia-
camma sp., SCHLUNS & al. 2006 for Streblognathus aethi-
opicus, MONNIN & PEETERS 1998 for Dinoponera quadri-
ceps). Species that are most similar to M. pyriformis with
respect to their effective mate number are Atta colombica,
2.31 (FJERDINGSTAD & al. 1998), Plagiolepis pygmaea,
2.37 (TRONTTI & al. 2007), Pachycondyla inversa,
2.38 (KELLNER & al. 2007), Cardiocondyla batesii, 2.63
(SCHREMPF & al. 2005), and Pogonomyrmex barbatus, 3.13
(CAHAN & al. 2002). The phylogenetically closest rela-
tive to Myrmecia spp., which is the Australian endemic N.
macrops, has an effective mate number of 1.33 (SANETRA
& CROZIER 2001). In that regard, the relatively high level
of polyandry in M. pyriformis comes as a surprise, espe-
cially when considering the small difference to some of
the very advanced species like A. colombica and P. bar-
batus. Although the phylogenetic position of the Myrmeci-
inae is not entirely basal within the ants, the origin of myr-
meciomorphs (Myrmeciinae + Pseudomyrmecinae) near the
base of the formicoid clade probably dates back some 90 -
100 million years ago (BRADY & al. 2006). This long inde-
pendent evolutionary history may well serve as an expla-
nation why species in this subfamily encompass relatively
"primitive" as well as more derived features.

Multiple-paternity colonies in Myrmecia pyriformis oc-
curred at a frequency of about 80%, which is in good ac-
cord to other ant species where queens commonly mate with
two or more males. For instance, proportions of multiply
mated females between 80 - 95% have been reported in
two species of Pachycondyla (see KELLNER & al. 2007),
Plagiolepis pygmaea (see TRONTTI & al. 2007), and Atta
colombica (see FJERDINGSTAD & al. 1998). In comparison,
Nothomyrmecia containing the only extant species in the
sister group of Myrmecia, has a proportion of multiply
mated queens of only 35% (SANETRA & CROZIER 2001).
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Nevertheless, the latter evaluation bears little evolutionary
insights given the large diversity in the genus Myrmecia
comprising around ninety species in nine distinct species
groups, and hence more species have yet to be examined
in order to elucidate general patterns of mating strategies.

Nestmate worker relatedness in Myrmecia pyriformis
was 0.51, thus being roughly in agreement with the esti-
mated number of 2.6 effective male mates. This indicates
that males siring offspring in multiple paternity colonies
were mostly unrelated, which also follows from the reports
on nuptial flights to some extent (e.g., CLARK 1951). In
several other ant species that mate multiply and have more
than two effective mates, males are related due to inbreed-
ing, such as in Plagiolepis pygmaea (see TRONTTI & al.
2007), Pachycondyla inversa (see KELLNER & al. 2007),
and Cardiocondyla batesii (see SCHREMPF & al. 2005), but
not so in Atta colombica (see FIERDINGSTAD & al. 1998)
and Pogonomyrmex barbatus (see CAHAN & al. 2002).
Therefore, relatedness and inferred social structure of M.
pyriformis in most colonies come closest to the last men-
tioned species, with a relatedness of 0.52 (FJERDINGSTAD
& al. 1998) and 0.41 (CAHAN & al. 2002), respectively.

A low level of worker policing has been reported in a
close relative of Myrmecia pyriformis, Myrmecia gulosa
(FABRICIUS, 1775), in which reproductive workers were
seized and immobilized in laboratory colonies (DIETEMANN
& al. 2005). According to kin selection theory, policing
behaviour, which here refers to the prevention of worker
reproduction, should be associated with polygyny and poly-
andry, and monogyny and monandry with worker repro-
duction (RATNIEKS 1988). However, these predictions
earned little support in Formica ants (HELANTERA &
SUNDSTROM 2007) and the occurrence of policing in the
monogynous monandrous ant Diacamma sp. (KIKUTA &
TsuJ1 1999) contradicts the theory. HEINZE (2008) thus
reached the conclusion that worker reproduction is usually
prevented in ant societies regardless of their genetic struc-
ture.

In addition to multiple mating, the presence of different
reproductive females in 3 of 19 investigated colonies was
inferred from microsatellite genotypes (Tabs. 1, 2). Since
the single dealate queen may be accompanied by several
wingless intermorphs (CLARK 1951), and gamergates have
been described in Myrmecia pyriformis (see DIETEMANN
& al. 2004), there is much potential for alternative repro-
ductive strategies in this species. Apparently, the giant bull-
dog ants do not exemplify a type of polygyny where mul-
tiple queens of the same kind co-occur inside a nest and
reproduce, which is, for instance, the case in M. pilosula
showing low relatedness of 0.17 among workers (CRAIG
& CROZIER 1979). In M. pyriformis, the most likely scena-
rio is that colonies are founded by a single queen, which
then gets replaced by gamergates (perhaps sometimes also
by intermorphic queens) after senescence. A similar type
of queen supersedure by gamergates has been described in
the ponerine ant Harpegnathos saltator (see PEETERS &
al. 2000), and Rhytidoponera workers may also differen-
tiate into gamergates after queen death in some species
(WARD 1983, 1986). In general, queen replacement results
in an extension of colony lifespan and inheritance of nest
site as a valuable resource, a life history trait which is also
found in the sister group of Myrmecia, the strictly mono-
gynous Nothomyrmecia macrops. Due to the lack of gam-
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ergates, orphaned colonies of N. macrops are taken over by
a daughter queen, thus leading to serial polygyny (SANE-
TRA & CROZIER 2002).

Workers that descended from different female repro-
ductives in Myrmecia pyriformis did not appear to be close-
ly related, as only few alleles were shared (Tab. 2). This
pattern of low allelic overlap could be explained by the
occurrence of successive gamergate generations, but with-
out genotyping the larvae present in the nest one cannot
distinguish between true polygyny and serial polygyny.
Furthermore, the resolving power with such small sam-
ples to establish pedigree relationships is very limited de-
spite high heterozygosity measures of 80%. The degree
of microsatellite variation is comparable to those of other
ant species, and particularly similar to the estimate in the
related Australian genus Nothomyrmecia (see SANETRA &
CROZIER 2001). For future research, Myrmecia might be
an interesting study group in order to gain insights into ear-
ly ant evolution, specifically because its constituent species
cover a wide range of social strategies as well as morpho-
logical diversity.

The discovery of an ant species with gamergates hav-
ing more than two effective mates renders the conclusion
that high polyandry occurs only in lineages whose workers
have lost reproductive totipotency (HUGHES & al. 2008)
premature. High polyandry significantly reduces the large
inclusive-fitness benefits assumed for workers in the Hyme-
noptera (reviewed by CROZIER & PAMILO 1996), however,
some authors have pointed out that the "haplodiploidy"
or "/, relatedness" hypothesis is only one idea arising from
kin selection theory (e.g., FOSTER & al. 2006, HEINZE
2008). The recent focus on ancestral monogamy as key
factor to the evolution of eusociality (HUGHES & al. 2008)
underscores the perception that "a number of researchers
erroneously adopted the idea that haplodiploidy with its
0.75 relatedness among fullsisters is the explanation of
eusociality" (HEINZE 2008).

The social system of Myrmecia pyriformis with a dif-
ferentiated queen caste and gamergates as a form of supple-
mentary reproductives is quite conspicuous in social Hyme-
noptera. Sexually reproducing workers are otherwise most-
ly present in some of the poneromorph subfamilies, and
many features of those species are shared with the neo-
tenics in termites and the non-breeding helpers in birds
(e.g., KORB & HEINZE 2008). Hence, a unifying theory of
social evolution, which encompasses both social arthropods
and vertebrates, is greatly needed, where more of the dif-
fering concepts from social taxa other than bees, wasps,
and ants should be adopted (e.g., AVILES 1993, 1997 for
social spiders, KORB 2009 for termites). The widespread ap-
plication of reproductive-skew models in the late 1990s
commonly acknowledged that factors other than related-
ness, for example ecological constraints and competitive
abilities, are important for shaping cooperative behaviour
(e.g., JAMIESON 1997, REEVE & KELLER 2001). In the
case of monogamy, Hamilton's equation becomes reduced
to costs and benefits for helping behaviour (BOOMSMA
2009), but these factors have been widely neglected in stud-
ies on social insects (e.g., KORB & HEINZE 2004).

Focusing on costs and benefits instead of relatedness, it
becomes conceivable that group selection has been a major
driving force for social evolution (e.g., WILSON & HOLL-
DOBLER 2005, NOwAK & al. 2010). The latter theory was



discredited early on in favour of pure kin selection, simi-
lar to the long-lasting refusal of sympatric speciation (VIA
2001). Nevertheless, as is true for other scientific disputes
the two hypotheses are not mutually exclusive (KORB &
HEINZE 2004, WEST & al. 2007, HEINZE 2008), and BooMs-
MA (20009) states that transitions towards eusociality require
kin selection but are ultimately driven by benefits obtained
from group (colony)-level selection. Similarly, a multilevel
selection approach by KORB & HEINZE (2004) showed that
group-level adaptations are able to prevent or resolve in-
tracolonial conflicts for the maintenance of eusociality. So-
cial Hymenoptera thus most likely represent an example
of group selection of kin groups, whose particular preadap-
tation, the prevalence of maternal care in their solitary
ancestors, deserves to be accentuated (see also WILSON &
HOLLDOBLER 2005, NOWAK & al. 2010).
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