
Summary. Ant workers are very often reproductively dege-
nerate females, but in some species from subfamily Poneri-
nae, the workers can mate and lay fertilized eggs just like
queens (they are then termed “gamergates”). In Harpegna-
thos saltator, new colonies are founded independently by
single queens, and when senescent they are replaced by
several gamergates. This secondary polygyny is distinguis-
hed by three features: (1) behavioural data indicate that
young workers copulate with their brothers, unlike the queens
who disperse and mate outside the nests; (2) gamergate colo-
nies produce both male and female sexuals annually; (3)
gamergate colonies appear not to fission. Our evidence for
the lack of fission is indirect: the nests of H. saltator are un-
usually elaborate for ponerine ants, and gamergate colonies
produce many young queens (at the expense of investing 
in workers). Queen supersedure results in an extension of
colony lifespan, thus making complex constructions possible
with a small colony size (65 ± 40 workers in a western Ghats
population; N = 59). In turn, these nests represent a valuable
resource to be inherited by successive generations of worker
offspring. This life history contrasts with that of other
ponerine ants having both queens and gamergates (e.g. in
Rhytidoponera confusa, nests are simple and short-lived,
gamergates are not inbred and their colonies can fission
while producing mostly males; Ward, 1981a, 1983a).

Key words: Gamergate, Ponerinae, life history, caste, repro-
duction, dispersal.

Introduction

Reproductive division of labor is a key feature of the
organization of insect societies – most members perform
non-breeding activities essential for group survival. In the

ants this separation of roles is associated with morphological
specialization originating during larval development. The
alate queens can disperse and start new colonies, and they
often exhibit high fecundities as well as the longest lifespans
found in insects (Hölldobler and Wilson, 1990; Keller and
Genoud, 1997). In contrast, workers are wingless and less
competent to reproduce. Although they generally retain
functional ovaries, in many species they have lost the ability
to mate and store sperm. Thus in the event of the queen’s
death, they are restricted to the production of unfertilized
eggs developing into males. The evolution of complex social
organization in Hymenoptera is based on a progressively
greater morphological divergence between adult females
(Wheeler, 1986; Bourke, 1999), and this results in increased
reproductive degeneracy of workers.

The subfamily Ponerinae includes many taxa in which
caste specialization is weak, and this represents the ancestral
condition in ants (reviewed in Peeters, 1997). In various
species, worker ovaries and spermathecae resemble those of
the queen, making it possible for “gamergates” (inseminated
egg-laying workers) to replace the queens as the colony’s
reproductives (Peeters, 1991, 1993). Out of 1300 ponerine
species, at least 100 are known in which the queen caste is 
no longer produced at any stage of a colony’s ontogeny. The
evolutionary loss of queens suggests that the production of
morphologically specialized breeders is not adaptive in par-
ticular ecological contexts (Peeters, 1997).

Gamergates also occur in several ponerine species that
have alate queens (Ward, 1983a; Ito and Ohkawara, 1994;
Peeters, 1997). In Harpegnathos saltator, lone queens estab-
lish new colonies, and mated daughter workers begin laying
eggs once the foundress dies (Peeters and Hölldobler, 1995).
Such naturally occurring queen supersedure provides an
outstanding opportunity to compare the reproductive charac-
teristics of both castes. Data from colonies studied in the
field in India and in the laboratory reveal that queens and
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gamergates differ principally in their abilities to disperse and
start new colonies independently. Gamergates isolated in
artificial nests and fed ad libitum can raise both first and sub-
sequent broods of workers (Liebig et al., 1998), but we have
no evidence for gamergate-founded colonies in nature. Only
one other species having both queens and gamergates has
been studied in detail (Rhytidoponera confusa; Ward, 1981a,
1981b, 1983a), and the adaptive benefits of its life history
seem different to those in H. saltator.

Methods

Two distinct populations of H. saltator were studied in Karnataka State,
southern India. In the mountains of the western Ghats, we collected in
two localities (Jog Falls and Mudigere) which are 150km apart; forests
are dense with heavy rains during the monsoon. Outside the city of
Bangalore (G.K.V.K. and Bannerghatta), the ants occur in more open
areas with less intense monsoons. The two populations are 209–322 km
distant and separated by cultivated lands. Seventy-three colonies were
excavated from these four localities: (i) Jog Falls, Uttara Kanada district
– in October 1991 (2 nests; RA-series), May 1992 (6 nests; RE-series),
June 1993 (4 nests; RF-series), June 1994 (17 nests; RL-series), Oc-
tober 1995 (18 nests; RO-series) and October 1999 (1 nest; RR-series);
(ii) Mudigere, Chikmagalur district – in May 1994 (6 nests; RK-series),
October 1995 (4 nests; RN-series) and May 1997 (1 nest; RQ-series);
(iii) campus of the University of Agricultural Sciences (G.K.V.K.) – in
October 1991 (5 nests; RB-series); (iv) Bannerghatta Park – in June
1993 (1 nest; RH-series), June 1994 (3 nests; RM-series) and October
1995 (5 nests; RP-series). Collection of all adults and brood was rela-
tively easy because the underground nests are shallow, and the various
inhabited chambers lie on top of one another (Peeters et al., 1994). All
cocoons collected in the field during May 1992 and June 1993 were
opened, and pupae were sexed in order to compare the production of
sexuals in queen and gamergate colonies. 

These ants are easily kept in the laboratory, where they hunt live
crickets of small size. All adults in several colonies were marked indi-
vidually, ovipositions were recorded, and eggs counted at regular inter-
vals. Some colonies were monitored continuously (24-hour periods)
with time-lapse video. Additionally, we dissected the ovaries of all

workers and queens in 15 colonies, and determined mating status
(visual appearance of spermathecae or microscopic examination after
squashing) in more than 90% of workers dissected. Ovarian activity was
inferred from several criteria, such as the occurrence of nurse cells,
developing oocytes without yolk, as well as larger yolky oocytes (includ-
ing mature oocytes that have a chorion and are the same size as an egg).
Yellow bodies are the remains of nurse cells (trophocytes) deposited at
the base of the ovarioles whenever an egg is laid; their size and colour
intensity give information on the duration of previous egg produc-
tion. Importantly, the term “infertile” here refers to lack of egg-laying
activity at the time of study, and does not mean lifetime sterility. Fol-
lowing Peeters and Crozier (1988), the terms “queen”, “worker” and
“caste” are used in a strict morphological sense.

Results

Colony demography

Of the 59 colonies of H. saltator collected in the western
Ghats, only seven had more than 100 workers (Fig. 1). A
dealate founding queen (i.e. having dark yellow bodies)
occurred in 73% of these colonies. Gamergate colonies were
slightly larger (Table 1), but this was not significant (Mann-
Whitney U-test, U = 247.5, p < 0.1). In contrast, 14 colonies
from Bangalore were considerably more populous (Table 1;
queen nests U = 45, p < 0.05; gamergate nests U = 7, p <
0.001), and two colonies had about 500 workers. A founding
queen was present in only 36% of the Bangalore colonies. In
addition to these population differences, colony size also
varied seasonally. Queen colonies collected in the Ghats at
the beginning of the monsoon (N = 16) had significantly
fewer workers (U = 52, p < 0.002) than colonies at the end of
the rains (N = 18), and this seems related to the seasonal pro-
duction of many sexuals.

Large numbers of brood were found in several colonies
(Table 2); sometimes there were more cocoons than adults.
These brood data reveal that gamergate colonies can be as
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Figure 1. Frequency distribution of
colony size in the western Ghats
population. Queen (in black) and
gamergate (grey) colonies (N = 43
and 16, respectively) are plotted
separately



productive as queen colonies, although much variability is
evident. Although we know nothing about adult mortality in
the field, it appears that some colonies can almost double in
size over a few months.

Both queens and workers can mate

Queens and workers differ in morphology, as evidenced by
size (Table 3) and thoracic structure (Fig. 2), but this di-
morphism is very small compared to most ants. All workers 
(N = 815 examined) had a spermatheca; its associated glands
are similar in size and ultrastructure to those of the queens 
(J. Billen, pers. comm.). Copulations were never observed 
in the field, and thus the pattern of sexual behaviour was
mostly inferred from dissections. 
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Figure 2. Overall morphology of a queen (above) and worker in H. sal-
tator, showing the limited dimorphism. Note that workers have retained
the ocelli

Table 1. Comparison of average sizes (number of adult workers; mean
± s.d.) of 73 H. saltator colonies segregated relative to geographical
distribution and type of reproductives

Locality Queen Gamergate Total
colonies colonies

Western Ghats 58 ± 30 83 ± 58 65 ± 40 
(N = 43) (N = 16) (N = 59)

Bangalore 124 ± 80 282 ± 151 225 ± 149 
(N = 5) (N = 9) (N = 14)

Table 2. Demographic data on 20 colonies selected on the basis of
having large brood. Queenright colonies are indicated by Q. In colonies
collected with sexuals, the number of callow queens (9) is included. All
workers were dissected in colonies RE-5 (3 gamergates) and RH-1 (9
gamergates)

Colony Adult workers Cocoons Larvae

code
RE-5 67 79 (+ 18q) 51
RE-6 Q + 32 43 (+ 6q) 46
RH-1 182 192 (+ 14q) 115
RB-4 302 266 177
RB-5 > 525 319 151
RK-4 Q + 58 42 (+ 9q) 44
RK-5 89 57 (+ 38q) 49
RK-6 60 63 (+ 54q) 49
RL-1 Q + 90 84 55
RL-12 53 87 65
RL-14 46 63 32
RL-17 Q + 41 57 28
RM-1 Q + 85 66 48
RM-2 2Q + 87 135 75
RM-3 170 176 129
RN-3 129 97 82
RP-3 109 87 59
RP-4 494 53 168
RP-5 Q + 235 98 40
RR-1 271 209 115

Table 3. Morphological and functional differences between the reproductives of both queen and worker castes in H. saltator

Attribute Queens Gamergates

Head width 2.25 ± 0.09 mm (N = 29) a 2.08 ± 0.05 mm (N = 46)b

Width of 2nd segment of gaster 2.11 ± 0.09 mm (N = 20)a 1.69 ± 0.09 mm (N = 46)b

Dry weight 21.1 ± 2.1 mg (N = 12)a 12.3 ± 2.3 mg (N = 28)b

Average n° of large yolky oocytes per ovariole 2 or 3 1, often none 
(max. 25 in all ovarioles) (max. 13 in all ovarioles)

Egg-laying rate (laboratory) 1–2 per day < 1 per day
(3 colonies: 32 ovip. (5 colonies: 17 ovipositions
during 400 hours video) during 500 hours video)

Time of adult eclosion April – June throughout the year
Aerial dispersal yes no
Mating outbreed inbreed
Colony foundation yes, solitary no
Maximum longevity in laboratory 5 years 75 days (N = 1) about 3 years (N = 6)
Estimated longevity in the field 3–5 years 1–2 years

a, b Significantly different at p < 0.001 (t-test). Most measurements were done on infertile members of both castes. 



Twelve colonies (including 8 with a dealate queen) were
completely dissected, and mated workers occurred in all but
one of them (RE-4, in which males had not been produced,
unlike other colonies excavated at this time of the year). Their
proportion varied considerably between colonies, reaching
up to 70% of all workers (RF-5). In all the colonies examin-
ed, many inseminated workers (ranging from 44% to 100%)
lacked active ovaries. These mated but infertile workers are
not gamergates, which is a functional term indicating both
mating status and egg-laying activity.

Typically, workers copulate with males from their own
colonies. This can occur in the presence of both queens and
gamergates. Males initiate mating, and there is no prior
“sexual calling” by workers as reported in Rhytidoponera
metallica (Hölldobler and Haskins, 1977) or Diacamma
(Peeters et al., 1992; Nakata et al., 1998). Intromission is brief
(about 15 sec.) but leads to successful insemination, as re-
vealed by dissections. In one gamergate colony (RM-3), 109
of 157 workers (69%) born in the laboratory mated with
sibling males. In a second gamergate colony (RE-2), seven
callows (recently eclosed, and having a lighter pigmentation
initially) were present when a male emerged, and two copula-
tions were observed over the next three days. Dissections
indicated that two 17 day old callows, and two callows that
were less than 3 day old, had all been inseminated. Recently
emerged males are thus attracted to young workers and can
copulate several times. This was again confirmed in a third
colony (RO-15) where 25 out of 28 callows mated in the
laboratory, although only 18 males were present. 

We have no evidence for the existence of diploid adult
males (which might be identified by size dimorphism). In 30
gamergate colonies with presumed sister-brother matings,
we did not record an irregular production of males, i.e. they
were only reared within a 2-month period corresponding to
the natural period of sexual production. It is a possibility that
diploid males are eliminated at the larval stage, since larvae
were occasionally cannibalized; however gamergate-laid
eggs were never destroyed. 

In contrast to workers, alate queens (N = 30) did not
copulate inside laboratory nests (only one exception), and it
seems that in nature queens mate away from their natal nests,
presumably with foreign males. We trapped two queens
flying out of a nest during the mating period: both were
virgin, with ovaries already containing a few mature oocytes.
Another queen collected above ground had already lost one
pair of wings, but she was also virgin (ovarian activity
unknown since she was not dissected immediately).

Fecundity of queens and gamergates

Both castes have ovaries with eight ovarioles (1030 workers
and 73 queens dissected). The only difference is that the
ovarioles of active queens can be almost twice as long as
those of gamergates (Fig. 3). Queens had more large yolky
oocytes present in individual ovarioles than gamergates
(Table 3), which is consistent with the larger size of the
gasters of queens. Queens can lay two eggs per day, which is

a very low rate relative to queens of many higher ants (up to
thousands of eggs per day; Hölldobler and Wilson, 1990).
This low fecundity seems partly due to the size of the eggs
(mean ± s.d. is 1.40 ± 0.09 mm long and 0.75 ± 0.03 mm
wide; N = 20) which are large relative to the ovarioles.

In the laboratory, some gamergates laid up to half as
many eggs per day as queens (Table 3), which was confirmed
by direct counts of eggs in six colonies headed by a queen
and four gamergate colonies (this is an accurate measure
since oophagy does not occur in H. saltator). Queens and
workers laid eggs of similar sizes. In a sample of 72 dissect-
ed gamergates, 55% of individuals had only one mature
oocyte in their ovaries (24% had none; 21% had two), which
corroborates estimates of low fecundity. Several queens 
had large and dense yellow bodies, indicating that they had
been laying eggs for longer than gamergates with fainter
yellow bodies.

Dispersal of sexuals and colony foundation

Sexuals were found only during few months of the year. All
colonies collected in May and June 1992-1994 and 1997 con-
tained sexuals, either as adults or as differentiated pupae, 
but there were none in October 1991, 1995 and 1999. Young
queens were reared in both queenright colonies and gamer-
gate colonies (Fig. 4). Our sample of nests yielding sexuals is
too small and variable for a sex ratio pattern to emerge.
Various gamergate colonies produced a substantial number
of alate queens and males (Fig. 4). Out of 248 sexuals collect-
ed in May 1992 (i.e., before dispersal had started), 71% of
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Figure 3. Contrast between the ovaries of an active queen (above) 
and a gamergate in H. saltator (drawn from photograph). Note that
individual ovarioles are longer in the queen, and contain more yolky
oocytes than in gamergates



the queens were adult, in contrast to only 17% of the males,
suggesting that queens are produced earlier than males – this
may give them an opportunity to accumulate limited reserves
before leaving. Dispersal of sexuals appears to be triggered
by the pre-monsoon showers, a highly distinctive cue fol-
lowing several months with almost no rain. We observed that
sexuals of both sexes left the same nests on several con-
secutive days, with no synchronized mass departure. It is not
clear whether the same males can mate with sibling workers
and later disperse to mate with foreign queens. In the absence
of nuptial flights, copulations are likely to occur in the vicin-
ity of nests. Queens that are ready to disperse have a charac-
teristic blend of cuticular hydrocarbons in which two alkad-
ienes (C35:2 and C37:2) are present in larger proportions
than in workers and callow queens (Liebig et al., 2000). This
chemical difference may be used by males for short-range
identification of sexually receptive queens. 

Four dealate queens were collected while hunting above
ground in June 1994, and another was found inside a shallow
cavity (2 eggs had been laid). These five foundresses were
taken back to the laboratory and all except one oviposited 
and reared their first brood to maturity. Eggs hatched after 
30 days, and the larvae were fed on pieces of crickets hunted
outside the nest by the foundresses. After about 19 days,
mature larvae were buried with soil to assist the spinning of
cocoons. Adults emerged after a further 33 days. There was
sometimes substantial brood mortality; the first adult work-
ers appeared after 3-4 months, and a group of ten workers
after 5–6 months. 

These laboratory observations give an indication about
the age of two incipient colonies found in October 1991 and
1995. Colony RA-6 was located after following a dealate
queen who foraged above ground. Fifteen workers, a second

dealate queen, eggs and larvae were found in a small cham-
ber close to the surface. Although neither queen could be 
dissected at least one of them was inseminated since workers
had been produced. A second colony (RO-17) consisted of
one queen, 20 workers (of which 9 callows), 14 eggs and two
larvae, inside a chamber only a few cms deep. Freshly excav-
ated soil was found a short distance from the inconspicuous
nest entrance. These two colonies had similar compositions
and we deduce they were initiated during the preceding
mating period, 4–5 months earlier.

We have no field evidence that new colonies are started 
by gamergates, either independently or with the help of in-
fertile workers (= colony fission). In contrast to queenright
colonies, only one of the gamergate colonies excavated had
rudimentary nests, which would indicate recent settlement.
We investigated the occurrence of nest relocation in the
laboratory. In two nests we increased temperature and
decreased humidity, which resulted in a slow emigration to
alternative nests provided. Brood and adults were carried, but
the collective movement was inefficient, unlike what can be
observed in other ponerine ants.

Discussion

In ants generally, the morphologically specialized workers
are excluded from sexual reproduction, and it is exceptional
that in several ponerine species both queens and workers 
can mate and lay diploid eggs. In Rhytidoponera impressa-
complex (Haskins and Whelden, 1965; Ward, 1981b, 1983a),
Gnamptogenys menadensis (Gobin et al., 1998), Platythyrea
arnoldi (Peeters, unpublished data; Villet, 1993), P. quadri-
denta (Ito, 1995), Pachycondyla tridentata (Sommer and
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Figure 4. Relationship between co-
lony size and number of male (grey)
and female (in black) sexuals present
at the time of field collection. Only
colonies with at least 5 sexuals are
included; only the last one (182
workers) originates from Bangalore.
Numbers of workers and occurrences
of a founding queen are indicated. In
a few of these colonies sexuals had
started flying out



Hölldobler, 1992; Sommer et al., 1994), P. (Mesoponera) 
sp., P. (Ectomomyrmex) sp. (Ito and Ohkawara, 1994) and 
H. saltator (this study), several gamergates apparently re-
place the founding queen at her death and perpetuate the
colony for years. Secondary polygyny seems characteristic of
such a life history, and H. saltator exhibits also three other
features: (a) inbreeding by workers, (b) gamergate colonies
do not fission, (c) gamergate colonies produce male and
female sexuals annually. 

Evidence for inbreeding by workers

In permanently queenless ants, workers mate with foreign
males that fly to their colonies (Peeters, 1991). Copulation
occurs either underground or near the nest entrances. By
contrast, behavioural observations suggest that H. saltator
gamergates are inseminated by nestmates. Workers do not
leave the nest to perform “sexual calling” above ground, as in
various other ponerine ants. In India we never found callow
workers (which are easily recognized) outside during the
mating season, and males were not observed walking inside.
In laboratory nests, males readily copulated with callow
sisters, although these were not in a sexual calling posture. In
many colonies of other queenless genera kept in laboratory
over the years, nestmale males never seek out sexually re-
ceptive workers and mount them (C. Peeters, pers. obs.; 
Monnin and Peeters, 1998). In Diacamma cyaneiventre, out-
breeding has been confirmed in field colonies using micro-
satellite markers (André et al., in prep.). If outbreeding were
to occur in H. saltator, the typically large numbers of mated
workers recorded would imply visits by very many foreign
males. All this circumstantial evidence leads us to think that
inbreeding occurs commonly in nature, but this awaits verifi-
cation with molecular data.

It is theoretically expected that mating with related males
bears a high cost in Hymenoptera, because it leads to the pro-
duction of unviable diploid males. Nevertheless, inbreeding
has been conclusively documented in several ants. It has 
also been reported in another ponerine species, Pachycondyla
tridentata, in which both queens and gamergates reproduce
(Sommer et al., 1994). In H. saltator, we have no evidence
that diploid adult males occur in the laboratory or in the field.
Diploid male larvae could be eaten and recycled at little cost
for the society. Four gamergate colonies thrived in the labo-
ratory for more than five years during which there was at
least two generations of gamergates. Provided there are 
no deleterious effects of inbreeding among workers, it maxi-
mizes the fitness interests of the queens. Given that a found-
ress is succeeded by her daughter workers who mate with her
sons, her relatedness to the gamergates’ offspring is the same
on average as that with her own offspring (however this re-
latedness is also affected by colony sex ratio), and thus there
is no selection to increase queen longevity. Unfortunately,
comparative data on queen lifespan in ponerine species with-
out gamergates are not available to test this.

How do gamergate colonies originate?

A major difference between ant queens and workers is that
only queens are winged and thus able to disperse by flight. In
the Ponerinae, the success of independent colony founding
depends on the queens performing the entire range of tasks
characteristic of solitary wasps. Indeed, a foundress needs to
hunt above ground to feed her first offspring, as observed in
the field for H. saltator. This continues for about three
months until the workers are adult and can take over brood
care, nest construction and foraging. Gamergates can simi-
larly produce new generations of workers when isolated
experimentally (either singly or in groups of three) in pre-
formed nests with plentiful food (Liebig et al., 1998). This
behavioural plasticity of H. saltator workers is remarkable
but is not necessarily expressed as an alternative strategy in
nature. The option of remaining in the parental nest seems
more advantageous, partly because gamergates are wingless
and thus incapable of dispersing far away from their natal
colony.

Alternatively, gamergates could initiate new colonies
accompanied by infertile workers (colony fission). This is
characteristic of all queenless ants (Peeters, 1993), and has
been shown for gamergate colonies of Rhytidoponera con-
fusa (Ward, 1981b). We suggest that fission is incompatible
with the existence of sophisticated nests in H. saltator.
Several levels of inhabited chambers are enclosed within a
distinct earthen shell, with a space (“atrium”) isolating 
this from the surrounding soil (like termites, these ants can
fashion soil into elaborate shapes) (Peeters et al., 1994). The
inside of chambers is lined with pieces of empty cocoons.
Such nests represent a substantial energetic investment, and
seem an adaptation for survival in water-logged soil, as well
as for defence against underground intruders (the small,
flanged entrance leading from the atrium to the chambers is
easily guarded). We can assume a strong selection against
groups of workers that fragment away from their natal
colony, and have to survive in initially rudimentary nests.
Founding queens face the same difficulties, but they are
produced in large numbers to compensate for their presum-
ably low success rate, as in other ants. 

We have field data about the ontogeny of complex nests.
Nests exhibit different levels of elaboration (based on overall
depth, the number of inhabited chambers occurring at dif-
ferent levels, and the volume of the atrium), and these are
often related to colony size (Liebig, 1998). As an incipient
colony grows, new chambers are added on deeper layers. If
gamergates were capable of establishing new colonies (with
or without infertile workers), we would expect occurrences
of gamergates and workers living in simple chambers close 
to the surface. This was not found, in contrast to the four 
incipient queen colonies collected (15, 15, 18 and 20 work-
ers). All gamergate colonies had complex nests, except the
smallest (colony RE-1 with 24 workers): there was little
construction, but all three gamergates lacked dark yellow
bodies, suggesting that they had only recently replaced their
mother. The next bigger gamergate colonies had 42, 43 and
46 workers respectively (Fig. 1), and their nests were already
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complex with an atrium present, indicating they were not
young. Definitive evidence for the lack of fission is hard 
to obtain, but all available elements on the biology of H. sal-
tator are consistent with the idea that gamergate colonies 
can only originate from queen colonies. When does queen
supersedure occur? If the size of a queenright colony is pro-
portional to its age (i.e. assuming a constant investment in
sexuals across colonies), we estimate that founding queens
live 3–4 years. 

Gamergate colonies make up only 27% of our Ghats
sample; since we have no a priori means of distinguishing
queen and gamergate nests before excavations, our sample of
colonies is random relative to this character. The relatively
small number of gamergate colonies indicates that they are
not as long-lived as assumed from their immortal potential
(i.e. different cohorts of gamergates are able to succeed each
other over the years). The Bangalore population may differ in
this respect, or else they have a different pattern of reproduc-
tive investment. Their colonies are considerably larger, which
also militates against the occurrence of fission.

Lack of fission and retention of queens

Gamergates have permanently replaced the queens in a small
number of ponerine ants in which colonies can multiply by
fission (Peeters, 1997). Recent studies hint that many other
ponerine species can have gamergates in addition to queens.
In these however, young queens are not always reared in
gamergate colonies. Particularly well-studied species are
Rhytidoponera confusa and R. chalybaea, in which colonies
are established by a single dealate queen who monopolizes
reproduction. In 14–80% of colonies (local populations
differ), several gamergates occurred instead (Ward, 1981b,
1983a). Queens were reared in only 5/87 gamergate colonies
collected during the period of sexual production (Ward,
1983b), and thus queenright colonies seldom arise from
gamergate colonies. Another crucial difference is that 
R. confusa nests in shallow cavities under stones, or in rotten
wood lying on the ground (Ward, 1981a). These simple nests
are frequently relocated, and thus fission is possible in both
queenright and gamergate colonies. This propensity for
colony fragmentation apparently results in groups of workers
being isolated from the foundress; workers are then able to
mate with foreign males (allozyme data indicate lack of
inbreeding; Ward, 1993a) and differentiate as gamergates. If
fission is a common event for gamergate colonies of R. con-
fusa, then it is adaptive to use available resources for the
production of extra workers (i.e. increase the viability of
daughter colonies; Macevicz, 1979), instead of female sex-
uals. The annual production of alate queens in gamergate
colonies of H. saltator is strong additional support for the
absence of colony fission. Many queens can be reared, in-
cluding in relatively small colonies (Fig. 4), and this implies
a trade-off in the number of new workers produced. 

Given the occurrence of fission, the alate queens of 
R. confusa are retained presumably because they enable the
colonization of fragmented habitats. In sharp contrast, the

queens of H. saltator remain essential for the establishment
of new colonies. It is interesting that sexuals are reared early
in the ontogeny of the colonies (Fig. 4). In other monogynous
ants, sexuals are produced only once there is a substantial
number of workers in a colony, which may be several years
after foundation (Hölldobler and Wilson, 1990).

Why is queen supersedure adaptive?

The mutual exclusion between queen and gamergates em-
phasizes that they function as reproductives at distinct stages
in the life history. Peeters and Hölldobler (1995) reported that
one queen and a few gamergates reproduced simultaneously
in two colonies (RE-6 and RF-5), but this overlap occurred in
the laboratory and was short-lived. Only one colony (RM-2)
had both queens and gamergates in the field. Colony RH-1
(182 workers) yielded one mated queen and nine gamergates;
the former had active ovaries but was clearly not the foun-
dress since she lacked yellow bodies (she probably failed to
disperse and mated in the colony). Importantly, in 4 colonies
(57, 58, 90 and 15 workers), the queen died within a week of
field excavation, suggesting that she is particularly vulner-
able to disturbance; gamergates quickly replaced her. 

Sophisticated nests are built by a variety of ants, but these
often have very large colonies (more labor available at any
time), or colonies are long-lived (more time available for
construction). Peeters and Hölldobler (1995) proposed that,
in H. saltator, queens and gamergates remain interdependent
because of the existence of valuable nests. These reach high
levels of complexity in a proportion of colonies, thus giving
indirect data on their age. As there are only relatively few
workers in the colonies and only a proportion of these can
engage in building activities, it probably takes many years
before nests can become complex. Indeed, small queen colo-
nies (i.e. young) have simple nests (Liebig, 1998). Queen
longevity in H. saltator is presumably as short as in other
ponerine ants, and the construction of complex nests would
not be possible unless a foundress was succeeded by her
daughter gamergates, thereby extending colony lifespan. 

The concept of “resource inheritance” (Myles, 1988) is
useful to account for the intra-specific existence of both
dispersing and wingless reproductives in termites and va-
rious ants. In higher termites, huge mounds are constructed
above ground and worker population can exceed one million.
Such colonies are long-lived (up to 20 years), and following
the death of a founding queen, the valuable nest and its
inhabitants are inherited by non-dispersing “neotenic” repro-
ductives which inbreed (Myles and Nutting, 1988). Similar-
ly in wood ants Formica truncorum, large mounds of soil and
pine needles represent valuable real estate, and colonies
persist for many years through the adoption of queens
(Rosengren et al., 1985). In Technomyrmex albipes, huge
colonies (up to several millions of workers) are established
by alate queens, which are replaced by many wingless
intercastes that inbreed (Yamauchi et al., 1991). The life
history of H. saltator offers similar advantages despite
having colonies several orders of magnitude smaller. 
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The ability of workers to reproduce instead of queens
appears to be an ancestral feature in ants. Species with
totipotent nestmates have extra flexibility in their life his-
tories. Comparative data (nest characteristics, investment in
sexuals, …) are needed from other such species in order to
test whether secondary polygyny is an adaptation for re-
solving the conflicting pressures of dispersal and resource
inheritance. In H. saltator, the cost of inbreeding needs to be
evaluated in the context of the unexpected low representation
of gamergate colonies.
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