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Same-sex courtship behaviors in male-biased populations: evidence
for the mistaken identity hypothesis
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Abstract
Same-sex sexual behaviors (SSSB) have been recorded in nearly all major animal groups and are often found in populations with
skewed sex ratios (SR). Here, we study the role of sex ratios in the frequency of SSSB to better understand the conditions that
give rise to such puzzling behaviors. We observed SSSB in multiple populations of the common fruit fly (Drosophila
melanogaster) after manipulation of sex ratios. We also recorded male responses after being pursued by other males. We found
more male-male sexual interactions in male-biased populations and a significant decrease of these behaviors after consecutive
days of observation. Males pursued by other males reacted to such encounters. Our results provide support for the mistaken
identity hypothesis, in which males are unable to differentiate between sexes at first encounter. With this work, we help elucidate
possible social conditions that facilitate the appearance of such intriguing behaviors in nature.
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Introduction

The puzzling phenomenon of same-sex sexual behaviors
(SSSB), interactions between members of the same sex which
are normally attributed to heterosexual courtship behaviors,
has long fascinated researchers across a broad range of fields
(e.g., Zhang and Odenwald 1995; McNamara et al. 2000;
Bailey and Zuk 2009; Liu et al. 2016). It seems paradoxical
that in nature, individuals would select non-reproductive
mates; yet these interactions, including pair bonding and cop-
ulation, have been observed in nearly every major group of
animals, including many invertebrates (Sommer and Vasey
2006).

Multiple studies have focused on understanding genetic
mechanisms behind SSSB, including description of specific
mutations that affect males’ ability to identify sexes (e.g.,
Zhang and Odenwald 1995; McRobert et al. 2003; Svetec
and Ferveur 2005; Liu et al. 2008). For example, in the com-
mon fruit fly (Drosophila melanogaster), homosexual behav-
iors can appear due to an atypical expression of the white (w)

gene after heat shock (Zhang and Odenwald 1995). Same-sex
sexual behaviors are also suggested to be important in
strengthening social bonds, establishing social hierarchies,
improving reproductive success in subadults, and indirect in-
semination (Bailey and Zuk 2009). For instance, in bottlenose
dolphins (Tursiops truncatus), male-male sexual behaviors
appear to be important in the development and maintenance
of long-term bonds and alliances (Mann 2006). Furthermore,
multiple authors propose that SSSB can arise due to mistaken
identity (e.g., Bailey and French 2012) and the prisoner effect
(e.g. McGraw and Hill 1999; Field and Waite 2004). In mis-
taken identity, immature or inexperienced individuals have
limited ability to differentiate males and females, and thus,
they are more likely to perform SSSB on individuals of the
same sex (Bailey and French 2012). After gaining experience
by observing conspecifics and practicing, they learn to recog-
nize appropriate mates (e.g., Dukas 2010; Scharf and Martin
2013). Moreover, the prisoner effect hypothesis suggests that
isolation or limited exposure to mating partners of the oppo-
site sex increases the probability of SSSB (Field and Waite
2004). For example, captive male house finches (Carpodacus
mexicanus) isolated from females, are known to exhibit sexual
behaviors, such as begging, allofeeding, and copulation at-
tempts (McGraw and Hill 1999).

Sex ratio (SR), the ratio of males to females in a population,
is known to affect mating systems, mate competition, social
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structure, and parental care (McNamara et al. 2000). In fact,
SSSB have been commonly observed in populations with
skewed SRs. For example, guppies (Poecilia reticulata) in
all-male groups have significantly higher rates of same-sex
displays and copulations, compared to males in mixed groups
(Field and Waite 2004). In male water striders (Tenagogerris
euphrosyne), groups with male-biased ratios exhibit more
SSSB compared to female-biased groups (Han and Brooks
2015). Still, although the appearance of SSSB in skewed sex
ratio populations has been documented multiple times, condi-
tions facilitating or hampering the appearance of such behav-
iors are still not well understood (e.g., Bailey and Zuk 2009;
Bailey et al. 2013). McRobert and Tompkins (1988) reported
experience-dependent SSSB in populations of the D.
melanogaster, in which the number of adult male courtships
directed to immature males decreased after they learned to
recognize immature males’ pheromones (McRobert and
Tompkins 1988). Their work provides evidence for the mis-
taken identity hypothesis due to learning, using a mix of ju-
venile and adult males with different levels of courtship expe-
rience. However, they did not evaluate directly how SR can
also play a role in the frequency of SSSB, nor if learning could
be equally involved if males are of similar age (i.e., similar
pheromone profile) and courtship experience. Here, we inves-
tigate the effect of SR in the appearance of SSSB and we try to
elucidate whether learning is also mediating such behaviors in
D. melanogaster populations conformed by individuals of the
same age, with limited courtship experience. If limiting expo-
sure to the opposite sex (i.e., prisoner effect) promotes the
appearance of SSSB, we expect that there will be no learning
and hence, an increase in the frequency of SSSB and an in-
crease in resistance to such behaviors over time. This should
be more evident in skewed male-biased populations. On the
other hand, if males with limited experience cannot differen-
tiate between sexes (i.e., mistaken identity), we expect learn-
ing to occur and hence, higher numbers of SSSB encounters at
first exposure and a subsequent decrease of such behaviors
and resistance over time, once they learn to identify sexes.
This should be expected at higher rates in male-biased popu-
lations, compared to balanced or female-biased populations.

Materials and methods

For this study, the D. melanogaster stock we used was
Canton-S (CS) wild-type strain. To create same-age popula-
tions of D. melanogaster, we transferred stock flies to foam-
capped 350-mL plastic bottles with 50 mL of food suspension
composed of brewer’s yeast, cornmeal, sugar, agar, water, and
preservatives. After approximately 9 h, we removed the adults
from the bottle and left the deposited eggs to develop and
pupate. Individuals were separated by sex approximately
10–12 h after eclosion and further sorted into 30-mL tubes.

This methodology guaranteed that most flies were virgin, and
hence inexperienced for mating interactions and sexual recog-
nition. To sort flies, we transferred eclosed individuals from
the stock bottle (with suspension) to an empty bottle, which
we then put on ice until all flies ceased movement. This led to
decreased activity for several hours. We initiated observations
approximately 12 h later (as they returned to normal temper-
ature and physiological function). Each tube represented a
population of 11 different sex ratios, ranging from 10 males
and 0 females, through 0 males and 10 females, with no more
than 10 flies per population. Each population was replicated 5
times for a total of 55 populations. All stock and experimental
populations were maintained in an incubator set at 24.5 °C on
a 12-h light: 12-h dark cycle to regulate circadian rhythms.

To determine the courtship behaviors of D. melanogaster,
we initially observed independent populations of the same
strain. The most common courtship behaviors were (1) detec-
tion of cuticular pheromones (CP), (2) wing flapping (WF),
(3) genital licking (GL), and (4) attempted copulation (AC), as
described by Spieth (1974) and Ejima and Griffith (2007).
These behaviors typically occur sequentially, beginning with
CP, and escalating to AC. For behavioral experiments, we
performed six observation trials on each population. To deter-
mine the frequency of each behavior at each SR, we recorded
observations once in the morning (between 3 h of lights on)
and once in the evening (between 3 h of lights off) for 5 min,
for three consecutive days. At the time of observation, we
individually removed tubes from the incubator. We made ob-
servations from the tubes to avoid disturbance. We screened
the entire population simultaneously to record SSSB. After
observations, we returned tubes to the incubator. Because
most SSSB occurred in extreme SR, we founded new popu-
lations with five replicates each for the 10/0 and 9/1 male to
female ratio populations, but this time recording the response
of the males being pursued. Once again, we screened the en-
tire population simultaneously. The most common behaviors
were (1) no response (N), (2) wing flapping (WF), (3) wing
flapping combined with retreating (WF-R), and retreat (RE).

All statistical analyses were performed in R 3.2 (R Core
Team 2013). Before the analyses, we checked for collinearity
and outliers and we evaluated residuals. The response vari-
ables were the frequencies of courtship behaviors (CP, WF,
GL, and AC), and the predictor variables were day, SR, and
time. To test for the effect of day and SR on SSSB, we used a
generalized mixed effect Poisson model (after testing for
overdispersion) with a Laplace approximation, using the
glmer function in the lme4 package. In the models, day and
SR were fitted as fixed effects, while time of day and replicate
were fitted as random effects. To evaluate the significance of
adding terms and to select the best model, we used Wald tests
with χ2 probabilities. If significant, we tested differences
within SR and day by means of post-hoc tests, with the glht
function of the multcomp package. Additionally, we
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performed chi-squared tests of independence using the func-
tion chisq.test (Mass package), to test if the frequency of male
reactions (N, WF, WF-R, R) towards SSSR decreased over
time.

Results

A model including both SR and day better explained CP fre-
quencies (χ2 = 1278, df = 1, p < 0.001). Based on pairwise
comparisons, males in highly skewed male-biased popula-
tions (10/0, 9/1 and 8/2 ratios) performed more the CP behav-
ior on other males (Fig. 1a). We also found a significant de-
crease in the frequency of CP at day 3, compared to days 1 and
2 (Fig. 2a).

SR and day were also important parameters explaining WF
frequencies (χ2 = 706.35, df = 1, p < 0.001). Post-hoc compari-
sons showed that this behavior occurred significantly more in
the 10/0 and 9/1 male-biased populations (Fig. 1b).
Furthermore, the frequencies of WF decreased by day 3
(Fig. 2b). GL displays rarely occurred during male-male en-
counters; thus, there was no significant difference among popu-
lations nor days for this behavior (χ2 = 3.53, df = 1, p = 0.059).
Attempted copulation (AC) between males also occurred very
infrequently among populations and did not influence signifi-
cantly the frequency of behaviors (χ2 = 3.46, df = 1, p = 0.06).

When evaluating male reaction to SSSB, GL, and AC were
rarely observed; thus, we only analyzed the response to CP and
WF.WFwas themost common response toCP, followed byWR-
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Fig. 1 Occurrence of male-male courtship behaviors per population sex
ratio (male/female, SR) for all trials. a Detection of cuticular pheromones
(CP). bWing flapping (WF). Significance is given based on Tukey post-
hoc tests. Statistically significant differences (at p ≤ 0.05) among sex
ratios occur when the letters are different
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Fig. 2 Frequency of male-male courtship behaviors in three consecutive
days. a Detection of cuticular pheromones (CP). b Wing flapping (WF).
Significance is given based on Tukey post-hoc tests. Statistically signif-
icant differences (at p ≤ 0.05) among days occur when the letters are
different
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R and RE. Although there was a decrease in the number of
responses to CP from day 1 to 3, these differences were not
significant (χ2 = 6.21, df = 6, p= 0.399, Table 1). WF-R was the
most common response to WF, followed by WF and RE.
Furthermore,we did not find a significant reduction in the reaction
frequencies fromday 1 to 3 (χ2 = 5.03, df = 6, p= 0.539, Table 1).

Discussion

In this study, we found more male-male courtship behaviors in
male-biased populations. Cuticular pheromone detection (CP)
and wing flapping (WF) were the most commonly observed
behaviors among males. These two behaviors were performed
quickly and receiver males often fled. Among the most extreme
male-biased populations (10/0, 9/1), male-male courtship dis-
plays occasionally had escalated courtship behaviors including
genital licking (GL) or attempted copulation (AC). However,
these two behaviors occurred infrequently. Moreover, we ob-
served a decrease in the frequency of CP andWF in male-male
interactions by the second and third day of trials; however,
males being pursued continued reacting towards SSSB.

It has been proposed that immature males that practice court-
ship behaviors with other males are reproductivelymore success-
ful when they become sexually mature (Tompkins et al. 1980;
Siegel et al. 1984). For example, D. melanogaster immature
males performing SSSB, copulate more quickly with females
when they become sexually mature (McRobert and Tompkins
1988), and they spendmore time courting females (Dukas 2010).
However, McRobert and Tompkins (1988) did not find an im-
provement in copulation performance in adult males performing
SSSB. In our experiment, all the males were considered adults
with similar (none to little) courtship experience; thus, although
we did not measure copulation performance, we do not expect
any improvements as a consequence of performing SSSB.

Alternatively, McGraw and Hill (1999) suggest that SSSB
can appear as a consequence of the prisoner effect, due to a
prolonged exposure to individuals of the same sex. However,
although we found more SSSB in highly skewed male-biased
populations, in our experiments, the frequency of SSSB

decreased by the second and third day, contradicting the
prisoner effect hypothesis. Furthermore, Curcillo and
Tompkins (1987) suggest that young males produce a
courtship-stimulating pheromone that confuses older males;
however, 8 h after eclosion, they begin to synthesize an inhib-
itory pheromone that significantly reduces SSSB. As a conse-
quence, after 24 h, males do not usually perform any SSSB
(Curcillo and Tompkins 1987). In our study, we did not find a
significant reduction in SSSB behaviors between day 1 and 2
(approximately 12 and 24 h after eclosion), and the frequency
of WF slightly increased at day 2 compared to day 1. This
suggests that changes in male chemical profile did not signif-
icantly affect changes in the observed SSSB frequencies.

Another explanation for the appearance of same-sex sexual
behaviors is the mistaken identity hypothesis, in which individ-
uals pursue same-sex conspecifics because they cannot differen-
tiate between sexes (Bailey and French 2012). This can occur
when females produce cuticular hydrocarbon pheromones that
stimulate courtship in males (Jallon 1984). If new males arrive
after mating encounters have taken place, they can perceive
these pheromones in the environment, causing them to mistake
sexes (e.g., Thomas and Simmons 2009). Mistaken identity can
also occur when the pursuer is simply unable to distinguish
proper mates (e.g., Vaias et al. 1993; Dukas 2006, 2010;
Bailey and French 2012). For instance, McRobert and
Tompkins (1988) found that SSSB are common in mature and
experienced D. melanogaster and D. affinismales, even though
by performing these behaviors, they waste time and energy,
expose themselves to predators, and lose opportunities to court
and inseminate females, without any benefits in copulation per-
formance. In our study, males performed more SSSB in male-
biased populations, and these rates decreased over time, provid-
ing support for mistaken identity hypothesis.

Although SSSBs are disadvantageous due to unnecessary
energy waste and risks, without reproductive advantages
(McRobert and Tompkins 1988; Scharf et al. 2013), after
practice and maturation, males can learn to recognize appro-
priate mates. This is known as the social learning theory, a
type of learning that is influenced by interacting with, or ob-
serving conspecifics (e.g., Heyes 1994; Dukas 2006). D.
melanogaster appears to be capable of social learning (e.g.,
Dukas 2006, 2008; Mery et al. 2009; Battesti et al. 2012;
Bailey et al. 2013). For instance, Dukas (2010) describes that
males with little or no exposure to females at early stages,
engage in greater amounts of SSSB compared to males with
higher exposure, suggesting that observation and practice are
needed for accurate mate recognition. In our study, males fre-
quently courted other males inmale-biased populations during
the first day; however, these behaviors decreased by the sec-
ond and third day. It is likely that after numerous counts of
rejection by non-receptive males, pursuing males eventually
learn to avoid other males and they reach reproductive success
by approaching females. This learning process could be

Table 1 Frequencies of male reactions to cuticular pheromones (CP)
and wing flapping (WF), by producing no obvious response (N), wing
flapping (WF), combination of wing flapping and retreat (WF-R), and
retreat (RE) for day 1, 2, and 3

Day 1 Day 2 Day 3

CP WF CP WF CP WF

N 8 4 4 1 5 0

RE 10 7 11 7 2 2

WF 44 7 23 7 23 3

WF-R 14 15 8 8 8 1
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associated with the CP behavior. In our study, as well as in
McRobert and Tompkins (1988), cuticular pheromone detec-
tion (CP) was the most common SSSB. Since D.
melanogaster can learn to recognize immature pheromones
(e.g., McRobert and Tompkins 1988; Gailey et al. 1982;
Curcillo and Tompkins 1987; Vaias et al. 1993; Dukas
2010), it is possible that the CP behavior is facilitating the
learning process and thus, regulating SSSB in fruit flies.

Understanding the origin and maintenance of same-sex sex-
ual behaviors has intrigued researchers for decades. Multiple
hypotheses to explain this phenomenon have been proposed,
including mutations, establishment of social bonds and social
hierarchies, prisoner effect, and mistaken identity. In this study,
we found that SSSB encounters in D. melanogaster were more
frequent in male-biased populations than in balanced or female-
biased populations. Thus, our data suggest thatD. melanogaster
males with little or no courtship experience might be unable to
differentiate between sexes at first encounter, leading to cases of
mistaken identity. This is especially the case when the probabil-
ity of finding males is higher than that of finding females.

By studying SSSB in D. melanogaster populations, we
help to elucidate social conditions that facilitate the appear-
ance of these puzzling behaviors in nature.

All applicable international, national, and/or institutional
guidelines for the care and use of animals were followed.
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