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Abstract  A growing body of empirical evidence shows that females of many animal species gain benefits by mating polyan-
drously, and often prefer to mate with novel males over previous mates. Although a female preference for novel males has been 
demonstrated for multiple animal taxa, the mechanisms used by females to discriminate between novel and previous mates remain 
largely unknown. However, recent studies suggest that in decorated crickets Gryllodes sigillatus, females actually imbue males 
with their own chemical cues, known as cuticular hydrocarbons (CHCs) during mating, and utilize chemosensory self-referencing 
to recognize recent mates. Here we review evidence that self-referent phenotype matching is a widespread mechanism of recogni-
tion in arthropods, and explore how CHCs are used to facilitate mate-choice decisions. There is substantial evidence that CHCs 
are used as recognition cues to discriminate between species, kin, sexes, mates, individuals, and self and non-self, and are used to 
facilitate mate-choice decisions in a wide range of arthropod taxa. There is also evidence that CHCs are often transferred between 
individuals during direct physical contact, including copulation. Chemosensory self-referencing via cuticular hydrocarbons could 
provide a simple, but reliable mechanism for identifying individuals from previous mating encounters. This mechanism does not 
require any specialized cognitive abilities because an individual’s phenotype is always available for reference. Given the ubiqui-
tous use of CHCs among arthropods, chemosensory self-referencing may be a widespread mechanism used by female arthropods 
to facilitate female mate-choice decisions and to enhance opportunities for polyandry [Current Zoology 59 (2): 239−248, 2013].  
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1  Introduction 
The ability of an organism to recognize other indi-

viduals in the population can be of biological impor-
tance in many social interactions, especially those in-
volving mate choice decisions (Greenfield, 2002). The 
evolution of animal communication systems has led, 
therefore, to complex visual, auditory and chemical cues 
that provide information about an individual’s species, 
sex, genetic relatedness, mating status, social domi-
nance, mate quality and individual identity (Mateo, 
2004). Kin recognition is an important component of 
animal recognition systems, facilitating kin-biased be-
haviors such as inbreeding avoidance and altruism to-
wards nestmates in social animals (Fletcher and Mich-
ener, 1987). In many species, learning and memory can 
be important for the formation of recognition templates, 
in which individuals learn the phenotypes of kin and use 
this memory as a template for comparison (Fletcher and 
Michener, 1987). However, in situations where con-
straints on learning and memory prohibit the formation 
of a recognition template, the use of self-referent phe- 

notype matching may be used to identify closely related 
individuals (Mateo and Johnston, 2000). Self-referent 
phenotype matching requires only a simple, but reliable 
form of “on-line” processing in which an individual 
compares its own phenotype with that of the individuals 
with whom they interact (Holmes and Sherman, 1982; 
Lacy and Sherman, 1983; Sherman, 1991; Mateo and 
Johnston, 2000). Dubbed the “armpit effect” by Daw-
kins (1982), an individual in this context can compare 
its own ‘scent’ to the ‘scent’ of other individuals and 
modulate its behavior toward others based on the degree 
of similarity in the assessed phenotypes, such that the 
individual’s own phenotype becomes the template for 
comparison. 

In insects, chemical communication is an important 
mode of communication between individuals and it is 
often facilitated by cuticular hydrocarbons (Howard and 
Blomquist, 1982, 2005). Cuticular hydrocarbons (or 
CHCs) are lipid compounds that are present on the sur-
face of the insect epicuticle, preventing desiccation and 
serving as a barrier to microorganisms (Lockey, 1988).  



240 Current Zoology Vol. 59  No. 2 

 

Besides providing these basic physiological functions, 
CHCs often play an integral role in insect chemical 
communication and have been demonstrated to function 
as important recognition cues facilitating species recog-
nition, kin recognition and sex recognition in a variety 
of insect taxa (Howard and Blomquist, 1982, 2005). The 
chemical composition of CHCs consists of long carbon 
chains, making them ideal recognition cues with high 
chemical stability, low volatility and a diversity of 
structures allowing for significant variation in lipid 
composition (Howard and Blomquist, 1982; Blomquist 
et al., 1987; Howard and Blomquist, 2005). Indeed, 
self-referent phenotype matching via CHCs has been 
well examined as a mechanism to facilitate kin-biased 
behaviors in social insects (reviewed by Tsutsui, 2004).   

In many animals, females mate more often than is 
necessary to ensure fertilization of their eggs, often 
mating polyandrously with several different males over 
their reproductive lifetime, and this behavior is espe-
cially prevalent in arthropods (Ridley, 1988). Indeed, 
empirical studies have demonstrated a female mating 
preference for novel males in a diverse range of taxa, 
including pseudoscorpions (Zeh et al., 1998), field 
crickets (Bateman, 1998; Ivy et al., 2005; Gershman, 
2009), hide beetles (Archer and Elgar, 1999), dung flies 
(Hosken et al., 2003), and guppies (Eakley and Houde, 
2004). While the possible ultimate explanations for 
polyandry have been widely examined among research-
ers (Zeh and Zeh, 1996, 1997; Arnqvist and Nilsson, 
2000; Jennions and Petrie, 2000; Slatyer et al., 2012), 
the proximate mechanisms underlying female mating 
decisions have received far less attention. What mecha-
nisms are utilized by females over such a broad range of 
animal taxa to recognize previous mates, when cogni-
tive constraints might limit their ability to learn the 
unique features of each of their mates over their repro-
ductive lifetime?  

Recent studies of the decorated cricket Gryllodes 
sigillatus have begun to provide some insight. Females 
of this species appear to imbue males with their own 
unique cuticular hydrocarbons (CHCs) during mating, 
and utilize chemosensory self-referencing to recognize 
recent mates in subsequent encounters (Ivy et al., 2005; 
Weddle et al., in press).  Here we review evidence that 
self-referent phenotype matching is a widespread mecha-
nism of recognition in arthropods, and explore how cu-
ticular hydrocarbons are used to facilitate mate-choice 
decisions across a wide range of arthropod taxa, includ-
ing the decorated cricket. Given the ubiquitous use of 
CHCs as recognition cues among arthropods, we sug-

gest that chemosensory self-referencing may be a wide-
spread mechanism utilized by females to increase the 
diversity of their mating partners and maximize oppor-
tunities for polyandry. 

2  Self-referent Phenotype Matching in 
Recognition Systems 

Self-referent phenotype matching was first described 
as a mechanism of kin recognition in which an indivi-
dual compares its own phenotype with that of other indi-
viduals as a means of assessing the degree of related-
ness (Dawkins, 1982; Holmes and Sherman, 1982; Lacy 
and Sherman, 1983; Sherman, 1991; Mateo and Johns-
ton, 2000). This mechanism of kin recognition would be 
favored in multiply mating species in which broods of 
mixed paternity are likely, offspring are widely dis-
persed, and individuals from the same brood may not 
meet again until adulthood (Hauber and Sherman, 2001). 
Under such circumstances, self-referent phenotype 
matching in the context of mate choice could provide a 
simple, but reliable means of kin discrimination to avoid 
the negative consequences of inbreeding. 

Learning and memory are often invoked to explain 
recognition of nestmates, in which individuals learn the 
unique phenotypes of kin as a template for comparison 
(Fletcher and Michener, 1987). However, unlike social 
insects that are reared in large colonies with close ge-
netic relatives, non-social insects exhibiting no parental 
care are more likely to have life history traits like those 
described above, in which individuals from the same 
brood may have very little exposure to close kin until 
adulthood. Self-referencing could be a simpler and more 
reliable mechanism of recognition than learning and 
memory for these animals, which, depending on disper-
sal patterns, may have limited exposure to kin or closely 
related individuals between the hatchling stage and the 
adult reproductive stage. In these systems, the pheno-
type of ‘self’ is always available for reference, and can 
be referred to during any interaction with another indi-
vidual as a template for recognition (Hauber and 
Sherman, 2001).  

While self-referent phenotype matching via chemo-
sensory cues as a mechanism of kin recognition has 
been well examined in social insects (reviewed by 
Tsutsui, 2004), there is also evidence that some 
non-social insects can discriminate between chemosen-
sory cues of ‘self’ and those of other individuals 
(Fellowes, 1998). Silk-spinning raspy crickets Hya-
logryllacris sp. (Orthoptera: Gryllacrididae) are able to 
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discriminate between silk nests built by themselves and 
those of conspecifics by assessing and recognizing their 
own hydrocarbon chemical cues in the nesting silk 
(Lockwood and Rentz, 1996). Females of the cowpea 
seed beetle Callosobruchus maculates can distinguish 
between seeds bearing their own eggs and those bearing 
eggs of conspecific females (Ofuya and Agele, 1989). 
Several species of solitary Hymenopteran parasitoids 
have been shown to distinguish between hosts parasi-
tized by themselves and those parasitized by con-
specifics to avoid self-superparasitism (Hubbard et al., 
1987; van Dijken et al., 1992; Godfray, 1994; Ueno, 
1994). In the wasp Nemeritis canescens, this self-recog-
nition is facilitated by a marking chemical produced by 
the Dufour’s gland during oviposition on a host that the 
female is later able to recognize as her own (Hubbard et 
al., 1987).  

Individual recognition has been shown to be impor-
tant in establishing and maintaining dominance hierar-
chies in territorial invertebrates (Hazlett, 1969; Caldwell, 
1979; Caldwell, 1985; Karavanich and Atema, 1998). 
However, invertebrate recognition of individuals in the 
context of female mate choice has received far less em-
pirical attention. Earlier studies demonstrating female 
recognition of previous mates in arthropods have often 
invoked learning and memory of male traits, presuma-
bly chemical in nature, as the basis for individual mate 
recognition (Johnson, 1977; Linsenmair, 1985; Caldwell, 
1992). While learning and memory may play an impor-
tant role, especially for monogamous species (Linsen-
mair, 1985; Steiger et al., 2008b), they may not be as 
reliable a method of individual mate recognition for 
polyandrous species. Rather than a female learning and 
memorizing the traits of every male she mates with over 
her reproductive lifetime, a simpler and more reliable 
mechanism to recognize previous mates would be to 
simply assess a male for traces of her own chemical 
fingerprints.  

3  Cuticular Hydrocarbons as Recog-
nition Cues 

Cuticular hydrocarbons as recognition cues contain a 
wide range of information content, with the hydrocar-
bon profiles of individuals varying specifically accord-
ing to species, sex, age, colony, caste, and genetic back-
ground of the individual (Singer, 1998; Howard and 
Blomquist, 2005). Perhaps it is not surprising, therefore, 
that CHCs have been widely demonstrated as the 
chemical cues used for kin recognition in social insects, 

with a significant genetic component to variation in the 
cues used to determine relatedness among nestmates  
(Howard et al., 1982; Howard, 1993; van Zweden and 
d’Ettorre, 2010). Cuticular hydrocarbons also act as 
cues for species and sex recognition, with many species 
exhibiting sex-specific variation in either the types or 
the relative proportions of cuticular compounds present 
(Howard and Blomquist, 1982, 2005). Extensive studies 
of Drosophila have demonstrated that CHCs can pro-
vide information about mate quality, and are important 
as sex pheromones for mate attraction and courtship, 
with a highly genetic component underlying variation in 
trait expression (reviewed by Ferveur, 2005). For exam-
ple, studies of Drosophila suggest that certain male 
CHCs are under sexual selection by female choice (Hine 
et al., 2002; Chenoweth and Blows, 2003; Blows et al., 
2004; Chenoweth and Blows, 2005; Petfield et al., 2005; 
Foley et al., 2007). Extensive research on the Droso-
phila serrata species complex occurring in sympatry 
with Drosophila birchii indicates a complex interaction 
between sexual selection and natural selection on varia-
tion in male and female CHC profiles used in mate 
choice and mate recognition, and demonstrate the evo-
lutionary importance of these chemical cues for the 
maintenance of reproductive isolation (Higgie et al., 
2000; Blows, 2002; Blows and Higgie, 2002, 2003; 
Howard et al., 2003; Skroblin and Blows, 2006; Higgie 
and Blows, 2007).  

In addition to providing information about an indi-
vidual’s species, sex and genetic relatedness, CHCs can 
also provide information about an individual’s mating 
status, thereby facilitating mate-choice decisions 
(reviewed by Thomas, 2011). Cuticular hydrocarbons 
have been shown to signal the fertility status of repro-
ductives to other colony members in several species of 
social Hymenoptera (Peeters and Liebig, 2009; Liebig, 
2010). Female mosquitoes and Dawson’s burrowing 
bees, show significant changes in the proportions of 
specific CHC compounds in the cuticle after mating, 
and application of extracts from mated to unmated fe-
males causes a reduction in rates of female insemination 
by males (Polerstock et al., 2002; Simmons et al., 2003). 
In Drosophila melanogaster, previously mated females 
produce predominantly male-specific CHC substances 
in the presence of courting males, thereby mimicking 
the male ‘scent,’ which seems to function as a male 
anti-aphrodisiac (Scott, 1986; Scott et al., 1988; Scott 
and Jackson, 1990). Friberg (2006) showed that Droso-
phila males can distinguish the CHCs of mated females 
from virgin females and may use these cues to deter-
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mine the risk of sperm competition. The chemical com-
position of CHC profiles for cooperative breeding 
Nicrophorus burying beetles changes during the breed-
ing cycle, and is used to distinguish breeding partners 
from conspecific intruders on a breeding carcass 
(Steiger et al., 2007; Scott et al., 2008; Steiger et al., 
2008a; Steiger et al., 2009).   

There is also evidence that CHCs can be transferred 
between individuals through direct physical contact. 
Several studies have shown that living in mixed species 
groups results in a blended CHC profile for all indi-
viduals, in which compounds distinct to each species 
can be found in blends on all individuals from the group. 
After species have been separated for some time, the 
distinct CHC profiles are reestablished, indicating that 
CHCs are transferred among individuals via physical 
contact during group living. This phenomenon has been 
documented for Drosophila (Coyne et al., 1994; Blows 
and Allan, 1998), ants (Vienne et al., 1995) termites 
(Vauchot et al., 1996; Vauchot et al., 1997), and cock-
roaches (Everaerts et al., 1997). A study of carpenter 
ants, Camponotus fellah, suggests that the ‘Gestalt’ 
colony CHC profile used as a mechanism of nestmate 
recognition is maintained through a continual exchange 
of CHCs between individuals during grooming and tro-
phallaxis (Soroker et al., 1995; Boulay et al., 2000).  

CHC compounds can also be transferred by physical 
contact during copulation. Female cockroaches Nau-
phoeta cinerea discriminate against potentially sperm- 
limited males that have had multiple female mating 
partners, and this effect was also observed when epicu-
ticular rubbings from multiple females were applied to 
virgin males, indicating CHC compounds are transferred 
during copulation (Harris and Moore, 2005). Male field 
crickets Teleogryllus oceanicus respond to the perceived 
risk of sperm competition by adjusting their ejaculate 
allocation in response to the number of distinct CHC 
extracts from individual males present on females 
(Thomas and Simmons, 2009).  Drosophila melano-
gaster show reciprocal variation in CHCs due to me-
chanical transfer of compounds between males and fe-
males during copulation (Scott, 1986; Scott et al., 1988; 
Everaerts et al., 2010). Male Drosophila transfer the 
male-predominant cuticular hydrocarbon 7-tricosene to 
females during mating, and the amount detected on fe-
males corresponds to an approximately equivalent,       
concurrent decrease of this compound found on males, 
consistent with male-to-female transfer through direct 
physical contact (Scott, 1986). Similarly, the female-           
specific courtship pheromone 7,11-heptacosadiene is 

transferred  from females to males during copulation, 
and can be detected in the cuticular extracts of males 
after mating (Scott and Richmond, 1987). If females are 
capable of transferring their own unique CHCs to males 
during the physical act of copulation (Scott and Rich-
mond, 1987; Harris and Moore, 2005), and are later able 
to recognize these cues via self-referencing in subse-
quent encounters, this could provide a simple but reli-
able mechanism by which females could identify previ-
ous mating partners. 

4  Polyandry and Self-referencing in the 
Decorated Cricket 

The decorated cricket Gryllodes sigillatus occurs 
worldwide, in both tropical and subtropical regions and 
its occurrence is often associated with human habitation 
(Smith and Thomas, 1988). Male decorated crickets 
initiate courtship after establishing antennal contact with 
a female. Courtship consists of a characteristic courtship 
song, accompanied by rhythmic lateral movements of 
the body (Loher and Dambach, 1989; Zuk and Simmons, 
1997). If a female is sexually responsive, she will mount 
the male dorsally, and the male will attempt to secure 
her subgenital plate with his epiphallus, a requirement 
for spermatophore transfer (Sakai et al., 1991). Copula-
tion is completed with the successful transfer of a sper-
matophore, which in G. sigillatus consists of a small, 
sperm-containing ampulla surrounded by a large gelati-
nous mass known as the spermatophylax that the fe-
males consumes after mating (Sakaluk, 1984, 1985, 
1987, 2000). During mating, the male and female re-
main in direct physical contact until the male success-
fully transfers a spermatophore (Fig. 1), a process that  

 

Fig. 1  A mating pair of the decorated cricket Gryllodes 
sigillatus 
The female’s (above) ventral side remains in direct physical contact 
with the male’s (below) dorsum for 2−4 minutes during copulation. 
Photograph by Scott Sakaluk. 
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typically requires about 2-4 minutes (Sakaluk, 1987). 
Field studies of this species have shown that females 

often mate multiply over the course of an evening, but 
rarely with the same male twice (Sakaluk et al., 2002). 
Multiple mating provides fitness benefits to females, but 
these benefits are only observed when females mate 
polyandrously (Sakaluk et al., 2002; Ivy and Sakaluk, 
2005; Ivy, 2007). Female G. sigillatus preferentially 
mate with novel mating partners over previous mating 
partners in mate-choice trials (Ivy et al., 2005). This 
result suggests that females rely on some underlying 
mechanism to recognize previous mates. Indeed, we 
have shown experimentally that female G. sigillatus 
avoid mating with a male that has previously mated 
with her inbred sister (Ivy et al., 2005). In these experi-
ments, “familiar” males were mated to an inbred sister 
of the focal female 24-hours prior to mate-choice trials. 
Subsequently, the focal female was allowed to choose 
between the “familiar” male and a novel male, and 
showed a marked preference for the novel male (Fig. 2). 
Females had no prior experience with either male, and 
males were of comparable sexual experience at the time 
of experimental trials. Individuals within a genetic line 
were presumed to share a high degree of phenotypic 
similarity in the chemical cues that might be used in 
individual recognition (coefficient of inbreeding, F=0.5). 
Our results suggest that the focal female perceived the 
chemical cue left on the male by her inbred sister as her 
own, and consequently identified the familiar male as a 
previous mating partner. Because females had no prior 
experience with either male, their preference for the  

 

Fig. 2  The mating frequency of G. sigillatus females that 
mated with (i) a novel male and a male with whom her 
inbred sister had previously mated (self-referent cues) and 
(ii) a novel male and the inbred sibling of a male with 
whom she had already mated (male-specific cues) 
Redrawn from Ivy et al., 2005. 

novel males cannot be attributed to their having learned 
specific features of ‘familiar’ males. 

To further distinguish between learning and self-refe-
rencing, we conducted a second experiment to deter-
mine if females rely on male-specific cues to identify 
previous mating partners. Females were allowed to 
choose between the inbred brother of a male she had 
mated with 24-hours prior to mate-choice trials (“famili-
ar male”), or a novel male of comparable sexual ex-
perience. Experimental females showed no significant 
mating preference for either of the males in these trials 
(Ivy et al., 2005; Fig. 2). Thus, it does not appear that 
females use male-specific cues (via learning and memo-
ry) to recognize previous mating partners. Instead, the 
results suggest that females imbue males with their own 
unique chemical cues during mating, and are later able 
to recognize these cues in subsequent encounters.  

We have recently demonstrated that cuticular hydro-
carbons are the underlying chemical cues used by G. 
sigillatus females to facilitate recognition and discrimi-
nation against previous mating partners (Weddle et al., 
in press). Utilizing gas chromatography-mass spec-
trometry (GC-MS), we analyzed hexane extracts of 
CHCs for females from nine isofemale lines, identifying 
15 distinct hydrocarbons ranging from 33 to 41 carbons 
in length and consisting of branched alkanes, alkatrienes 
and alkenes (Weddle et al., in press). Comparison of 13 
of these hydrocarbons across genetic lines revealed sub-
stantial genetic variance in the cuticular hydrocarbon 
profiles of females, with an average heritability (± 1 SE) 
of 0.978 ± 0.008, indicating that they can provide phe-
notypically unique chemical signatures that would allow 
discrimination of ‘self’ from the cues of other individu-
als they encounter.  

In a second experiment, we used SPME (Solid Phase 
Micro Extraction) fibers to test male CHCs before and 
after copulation. The advantage of using SPME in be-
havioral studies is that it is capable of accurately sam-
pling small quantities of CHCs directly from the epicu-
ticular surface of a live animal without the use of harm-
ful solvents (Moneti et al., 1997; Augusto and Valente, 
2002). We were able, therefore, to directly sample the 
dorsal surface of the male which comes into direct con-
tact with the female during mating (Fig.1). The CHC 
profiles of males and females show the same distinct 
CHC compounds, with marked sexual dimorphism due 
to variation in the proportions of these compounds 
(Weddle et al., 2012). The results of the SPME study 
demonstrated that the CHC profiles of males become 
more similar to those of females after mating, indicating 
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that CHCs are physically transferred from females to 
males during copulation (Weddle et al., in press). Com-
pounds that were more abundant in females tended to 
increase in mated males, while compounds that were 
less abundant in females showed a relative decrease in 
males after mating (Fig. 3).  

In a third experiment, we performed a behavioral 
bioassay, in which we externally applied female CHCs 
to males to test whether CHCs directly affect female 
mate-choice behavior. In mate-choice trials, we found 
that females showed an aversion to mating with males 
bearing chemical cues similar to their own (Weddle et 
al., in press; Fig. 4). Lastly, we tested the hypothesis 
that chemosensory self-referencing is used as a mecha-
nism of kin recognition to facilitate pre-copulatory in-
breeding avoidance. In mate-choice trials, females 
showed no significant mating preference for unrelated 
males over sibling males, suggesting that discrimination 
against previous mates via self-referencing is not simply 
an incidental consequence of a mechanism that evolved 
to facilitate inbreeding avoidance (Weddle et al., in 
press). 

The environment can be an important source of wi-
thin-population variance in CHCs (Rundle et al., 2005), 

 

Fig. 3  Mean (± SE) relative peak area for each CHC peak 
for G. sigillatus virgin females, mated males and virgin 
males as detected by SPME. Each peak number corre-
sponds to a specific CHC compound 
Comparisons of each male CHC peak before and after mating showed 
significant differences (indicated by asterisks) between virgin and 
mated males in 12 out of 18 CHCs detected and that the CHC profiles 
of mated males becomes more similar to that of females for all but one 
of these compounds (peak 15) (Repeated Measures MANOVA, Bon-
ferroni adjusted α = 0.0029). Note that SPME detected 3 additional 
CHC peaks not detected in solvent extracts. Peak 1 was used to 
standardize the remaining 17 peaks and was therefore not included in 
the analysis. Redrawn from Weddle et al., in press. 

 
Fig. 4  The mating frequency of focal females that were 
allowed to choose between two virgin males from the same 
genetic line (different from that of the female) 
Males were externally treated with either: (i) CHC extracts from fe-
males of the same age, but from a different genetic line than the focal 
female (novel female cues); or (ii) CHC extracts from sibling females 
of the same age and genetic line as the focal female (familiar female 
cues). Focal females mated significantly more often with ‘novel’ 
males bearing the CHC cues of unrelated, inbred females than with 
‘familiar’ males bearing the cues of inbred sisters (χ2 test for equal 
proportions: χ2= 4.75, P = 0.029, n = 102). 

and there is evidence that dietary hydrocarbons are in-
corporated into the cuticular lipids of many insects from 
the food they consume (Blomquist and Jackson, 1973). 
Therefore, in another recent study, we manipulated the 
nutritional environment of females over their develop-
mental lifetime to determine the extent to which varia-
tion in the CHCs of this species is influenced by diet. 
We found a marginal effect of diet on the overall quan-
tity of all female CHC compounds, suggesting perhaps, 
some phenotypic plasticity for these cues (Weddle et al., 
2012). However, we found no significant genotype-by- 
environment interaction for variation in female CHCs, 
suggesting that females can allocate sufficient resources 
toward the production or maintenance of optimal levels 
of CHC expression for reliable signal content, regard-
less of genetic background (Weddle et al., 2012). The 
results of these findings indicate that while the envi-
ronment may affect the relative strength of the CHC 
signal of ‘self’ for females, it does not appear to influ-
ence signal content, as overall the signal remains rela-
tively intact over both environments and genotypes, 
making CHCs reliable cues for the recognition of     
‘self’.  

It remains unclear how long CHC cues last after they 
are transferred to males during mating, which could 
influence the efficacy of these cues for mate-choice de-
cisions. We do know from previous work that G. sigil-
latus females show behavioral discrimination against 



 WEDDLE CB et al.: Chemosensory self-referencing and mate choice 245 

 

previous mates for at least 24−28 hours after initial 
copulation (Ivy et al., 2005). Any benefits to self-refe-
rencing are going to depend, of course, on the frequency 
with which females encounter previous mates. Although 
we cannot state with any certainty the probability that a 
female will encounter a previous mate in nature, life-
time measures of male and female mating success of 
marked individuals in a large outdoor enclosure (Sa-
kaluk et al. 2002) suggest that it can be quite high, at 
least over the course of the same night or two consecu-
tive nights. Sakaluk et al. (2002) reported that individu-
als of both sexes typically aggregate in large clusters in 
only a small minority of the shelters that are available, 
and that they remain in these shelters throughout the 
majority of the day. Nearly 30% of all nightly matings 
recorded in this study involved females mating for the 
2nd , 3rd or 4th time in a night, but interestingly, on only 
two occasions did a female ever mate with the same 
male twice. Females tend to travel an average distance 
of  two meters over consecutive nights, moving over 
greater distances than males of this species (Sakaluk, 
1987). Therefore, a brief efficacy may be all that is re-
quired to maintain recognition of ‘self’ if females are 
likely to move to a new area over the course of several 
days, reducing the likelihood of encountering previous 
mates during that time.  

5  Conclusions 
An inherent difficulty in demonstrating self-referent 

phenotype matching as a mechanism of recognition is 
that evidence is often circumstantial (Hare et al., 2003). 
It can prove logistically difficult to alter an individual’s 
phenotype, or change its experience with its own pheno-
type, without potentially altering the individual’s normal 
behavior (Hauber and Sherman, 2001). Most studies of 
self-referent phenotype matching for kin recognition, 
therefore, rely on using naïve experimental subjects that 
have had no prior experience with close kin or relatives. 
Prior to recent studies involving decorated crickets (Ivy 
et al., 2005; Weddle et al., in press), the only evidence 
for chemosensory self-referencing via CHCs to facilitate 
mate-choice decisions in arthropods has come from 
studies of kin recognition as a mechanism of inbreeding 
avoidance. Several studies have demonstrated inbreed-
ing avoidance via kin discrimination in arthropods im-
plying chemosensory self-referencing via CHCs as the 
most likely proximate mechanism (Simmons, 1989; 
Enigl and Schausberger, 2004; Lihoreau et al., 2007; 
Metzger et al., 2010). However, few studies have de- 
monstrated the use of CHCs experimentally through the 

use of behavioral bioassays. Chemosensory self-refe-
rencing via CHCs has been demonstrated as a mecha-
nism of kin recognition to facilitate inbreeding avoi-
dance in the field cricket Gryllus bimaculatus (Simmons, 
1990), the non-social, parasitic wasp Venturia canescens 
(Metzger et al., 2010), and the gregarious cockroach 
Blattella germanica (Lihoreau and Rivault, 2009). Ali 
and Tallamy (2010) demonstrated that female spotted 
cucumber beetles Diabrotica undecimpunctata howardi 
show a mating preference for males that have a CHC 
profile dissimilar to their own as a mechanism for 
choosing immunocompatible mates, and implied that 
females may be using their own CHC profile as a stan-
dard for comparison. We suggest the need for further 
studies designed to test the mechanism of chemosensory 
self-referencing through the use of behavioral bioassays 
that directly assess the effects of CHCs on female 
mate-choice decisions.  

Although the evolutionary significance of polyandry 
has been widely examined both theoretically and em-
pirically, the proximate mechanisms by which female 
mate-choice decisions are facilitated remain unclear for 
many mating systems. To our knowledge, the results of 
Ivy et al. (2005) and (Weddle et al., in press) are the first 
to describe a possible mechanism by which female ar-
thropods recognize and discriminate against previous 
mating partners. Chemosensory self-referencing via 
cuticular hydrocarbons could provide a simple, but reli-
able mechanism for identifying individuals from previ-
ous mating encounters. Indeed, because an individual’s 
phenotype is always available for reference, this mecha-
nism would not require any specialized cognitive abili-
ties. Instead, it would simply require a female to assess 
a male for traces of her own unique chemical profile 
during any mating encounter (Hauber and Sherman, 
2001). Given the ubiquitous use of CHCs as recognition 
cues among arthropods (Howard and Blomquist, 1982, 
2005),  chemosensory self-referencing may be a wide-
spread mechanism used by female arthropods to facili-
tate female mate-choice decisions and maximize oppor-
tunities for polyandry. 
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