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Cuticular Hydrocarbons Provide Reliable Cues
of Fertility in the Ant Gnamptogenys striatula
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Abstract In ca. 150 species of queenless ants, a specialized queen caste is rare or absent,
and mated workers take over the role of the queen in some or all of the colonies. Previously,
it has been shown that reproduction in queenless ants is regulated by a combination of
dominance behavior and chemical fertility signaling. It is unknown, however, whether
chemical signals alone can sufficiently regulate reproduction. To investigate this possibility,
we studied reproductive regulation in the facultatively queenless ant Gramptogenys
striatula, a species where dominance behavior is rare or absent. Active egg layers and
infertile workers showed qualitative and quantitative differences in their cuticular
hydrocarbon profile. Five long-chain methyl alkanes, 3,13- and 3,15-dimethyl pentriacon-
tane, 3,13- and 3,15-dimethyl heptentriacontane, and 3,11,15-trimethyl heptentriacontane
occurred only on the cuticles of virgin and mated egg layers. Pronounced quantitative
differences were found in a further 27 alkenes; alkanes; and mono-, di-, and trimethyl
alkanes. Workers that had recently stopped laying eggs had profiles similar to infertile
workers, and mating status did not affect this chemical pattern. We conclude that the
cuticular hydrocarbon profiles of G. striatula workers provide reliable information about
their current fertility. In the interest of colony productivity, this allows reproduction to be
regulated without the use of aggression.
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Introduction

The key characteristic of ant societies is a reproductive division of labor, with morpho-
logically specialized queens producing most or all the offspring, and workers performing
other tasks such as foraging or caring for the brood (Wilson, 1971). In ca. 150 ectatommine
and ponerine species, however, the specialized queen caste is rare or absent, and mated
workers or “gamergates” take over the role of the queen in some or all of the colonies
(Peeters, 1991). Because all individuals in these species are totipotent, i.e., able to mate and
reproduce, there is potential for reproductive conflict (Monnin and Ratnieks, 2001;
Ratnieks et al., 2006). One expression of this conflict is dominance behavior, which in most
species is critical in establishing and maintaining a reproductive division of labor (Ito,
1993; Liebig et al., 1999; Monnin and Peeters, 1999). Dominance behavior, however, is
potentially costly, because individuals that engage in dominance interactions generally
work at a lower rate than labor workers (Cole, 1986; Gobin et al., 2003; Ito and Higashi,
1991; Monnin and Peeters, 1999; Monnin and Ratnieks, 1999).

Dominance interactions are usually most prominent immediately after colonies are
orphaned, when the reproductive dominance hierarchy is first established (Gobin et al.,
2001; Monnin and Peeters, 1999). Aggression typically occurs only between individuals
of similar dominance status and reduces to a low level as soon as one or a few dominant
individuals start to reproduce (Monnin and Peeters, 1999; Gobin et al., 2001; Cuvillier-
Hot et al., 2004). This reduction in aggression may coincide with the development of a
specific cuticular hydrocarbon profile in egg-laying individuals. Indeed, consistent
chemical differences in the cuticular profiles between fertile and infertile individuals
have now been shown in Diacamma ceylonense (Cuvillier-Hot et al., 2001), Dinoponera
quadriceps (Monnin et al., 1998), Harpegnathos saltator (Liebig et al., 2000), Myrmecia
gulosa (Dietemann et al., 2003), Pachycondyla cf. inversa (Tentschert et al., 2001; Heinze
et al., 2002), and Streblognathus peetersi (Cuvillier-Hot et al., 2004). By secreting
specific pheromones, it is thought that active egg layers signal their high fertility
(Cuvillier-Hot et al., 2001) so that low-ranking individuals concede reproduction to
high-ranking fecund individuals. In this way, the reproductive division of labor would
be reinforced.

It is currently unknown whether a reproductive division of labor in queenless colonies can
be regulated purely through chemical signaling, without the use of aggression. In some
species, dominance behavior appears to be lacking altogether, even after colonies have been
orphaned (Gnamptogenys striatula, Blatrix and Jaisson, 2000; Pachycondyla berthoudi,
Peeters and Crewe, 1985, 1984; Sledge et al., 2001; P. krugeri, Wildman and Crewe, 1988;
Platythyrea lamellosa, Villet et al., 1990; P. schultzei, Villet, 1991; Rhytidoponera aurata,
Komene et al., 1999; R. sp. 12, Tay and Crozier, 2000; Streblognathus aethiopicus, Ware
et al.,, 1990). This suggests that in these species, reproductive regulation is entirely
pheromone-based.

The aim of the present study was to provide the first detailed test of the hypothesis
that reproductive regulation is purely pheromone-based in a species that lacks
dominance behavior. We used the facultatively queenless ant G. striatula (Blatrix and
Jaisson, 2000) to examine the cuticular chemistry of fertile and infertile individuals
with respect to different stages of ovarian development and mating status. As
predicted, we showed that active egg layers have a unique cuticular hydrocarbon
profile that, thus, can provide nestmates with reliable signals of fertility. In the interest
of colony productivity, this allows reproduction to be regulated without the use of
aggression.
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