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Female copulation calls are species specific, distinct vocal signals sometimes given during or shortly after
mating. Despite being common in primates and despite much empirical work, their function remains
largely unclear for most species. Here, we used an information-theoretic approach to examine simul-
taneously three main competing hypotheses for the evolution of copulation calls. Two of the three hy-
potheses predict that female copulation calls function to incite competition between males, either
directly (the maleemale competition hypothesis) or indirectly (the sperm competition hypothesis),
while the third predicts that females use calls to choose mating partners (the female choice hypothesis).
We collected data on copulations of wild female olive baboons in Kibale National Park, Uganda, to
compare the relative support for these hypotheses by modelling whether or not females produced
copulation calls after mounts. Our analytical approach enabled us to objectively rank models corre-
sponding to the three hypotheses according to how well our data fitted the models. Our data favoured
the sperm competition hypothesis over the female choice hypothesis although much variation in calling
remained unexplained. The maleemale competition hypothesis seems unlikely given our data. We also
discuss the possibility that copulation calls have no function, functions not included in our analysis, or
that they are multifunctional, a reflection of the species' social evolution history.
© 2017 The Association for the Study of Animal Behaviour. Published by Elsevier Ltd. All rights reserved.

Copulation calls are loud, rhythmic vocalizations given before,
during or just after mating. They occur in a wide range of species
from African elephants, Loxodonta africana (Poole, Payne,
Langbauer, & Moss, 1988) to peacocks, Pavo cristatus (Yorzinski &
Anoop, 2013). In some species, only one sex calls during mating
(males: Hauser, 1993; Hsu, Lin, Chen, & Agoramoorthy, 2002;
Manno et al., 2007); (females: Semple, 1998; Semple, McComb,
Alberts, & Altmann, 2002) while in others both sexes vocalize
(Higham et al., 2012).

In primates, copulation calls are mostly found in females where
they tend to co-occur with visual signals, that is, exaggerated
anogenital swellings (Nunn, 1999). They are common in species
that form multimale, multifemale groups where females mate

promiscuously (Maestripieri& Roney, 2005). Despite much interest
and empirical work (e.g. Engelhardt, Fischer, Neumann, Pfeifer, &
Heistermann, 2012; Pfefferle, Brauch, Heistermann, Hodges, &
Fischer, 2008; reviewed in Maestripieri & Roney, 2005; Pradhan,
Engelhardt, van Schaik, & Maestripieri, 2006), the function of fe-
male copulation calls still remains debated. Several hypotheses
have been proposed, from orgasm synchronization to strength-
ening the bonds between mating partners (Hamilton & Arrowood,
1978; Pradhan et al., 2006). Despite their function not yet being
fully clarified, there is general agreement that copulation calls are
vocalizations that allow the mating and surrounding males to gain
information about the receptivity of the mating female, which in-
creases her inclusive fitness (Cox & Leboeuf, 1977; Hauser, 1990;
Pradhan et al., 2006), for example by inciting competition be-
tween males either directly or indirectly.

Below, we describe three major hypotheses that have been put
forward in the current literature to explain female copulation
calling. Our goal is to test these hypotheses with our study species,
olive baboons, using amultimodel inference framework. In contrast
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to traditional null hypothesis testing, the multimodel inference
approach does not seek to reject null hypotheses, but compares and
ranks different, biologically informed models in terms of their
relative explanatory power of the dependent variable, in our case
whether or not females produce calls after copulations. Given the
complexity of evolutionary processes and the long evolutionary
history of primate social systems, the multimodel inference
approach is likely to generate more meaningful findings than
traditional statistical methods (Burnham, Anderson, & Huyvaert,
2011).

A first main hypothesis (the maleemale competition hypothe-
sis) states that copulation calling induces direct maleemale
competition, by attracting nonconsorting males (for consortship
definition see Table 1) to physically interrupt or displace the con-
sorting male, which will then increase the probability of the female
mating with another, competitively stronger male (i.e. high-
ranking or friendly male; Hamilton & Arrowood, 1978). One pre-
diction of this hypothesis is that female calling behaviour directed
towards surrounding, nonconsorting males should vary with the
rank or age of the mating partner, factors that are likely to impact
on male competitiveness.

Some evidence for the maleemale competition hypothesis is
found in Japanesemacaques,Macaca fuscata, wheremales regularly
interrupt copulations if the female has vocalized (Oda & Masataka,
1995). The maleemale competition hypothesis is also indirectly
supported by evidence that the acoustic structure of copulation
calls can provide relatively rich information to other group mem-
bers. For example, in yellow baboons, Papio cynocephalus, copula-
tion calls convey information about the calling female's swelling
size (and thus temporal proximity of ovulation), her identity and
the rank of the male partner, allowing the surrounding males to
make decisions about whether or not to approach and interrupt the
ongoing mating event (Semple et al., 2002). In contrast, male long-
tailed macaques, Macaca fascicularis, however, do not interrupt the
mating when females utter copulation calls (Nikitopoulos, Arnhem,
van Hooff, & Sterck, 2004). One well-documented exception in
nonprimates is elephant seals, Mirounga angustirostris, where
calling females are more often interrupted by high-ranking males if
they are mounted by low-ranking males (Cox & Leboeuf, 1977).
However, copulations in elephant seals can last for more than 60 s
(Cox & Leboeuf, 1977), which gives ample opportunity for rival
males to interrupt copulations. In contrast, primate copulations are
typically much shorter (olive baboons 5 s, Y. Bouquet, personal
observation; several primates species: <1 min, Dixson, 1987)
thereby reducing the possibility of successful interruptions unless
the interrupting male is in the direct vicinity of the mating pair.

A second main hypothesis (the sperm competition hypothesis)
is that females use copulation calls to induce indirect competition
between males because they are primarily interested in obtaining
the best sperm, which will enable their sons to inherit competitive
sperm (Keller & Reeve, 1995). Females should therefore mate with
all available males, including subadult males, whose phenotypic
potential is not yet fully displayed. Here, females call to attract and
mate with as many males as possible to obtain the best or most
compatible sperm for their own genotype. To select the ‘best’
sperm, females across different species have evolved several
mechanisms, including mechanically complex genitalia, chemical
and physical barriers or ova that are difficult to penetrate (Keller &
Reeve, 1995). In cuis, Galea musteloides, females that mated with
several males had higher offspring survival than those that mated
with a single male (Keil & Sachser, 1998), suggesting direct repro-
ductive consequences of sperm competition. For primates, we are
not aware of strong evidence that females gain fitness benefits
through sperm competition. However, a number of morphological
features in both sexes suggest that sperm competition plays a role
(e.g. male testis size/body weight ratio and long vaginal tracts in
females, Dixson & Mundy, 1994).

The sperm competition hypothesis has been examined in
chacma baboons, Papio ursinus, albeit with no clear conclusion. In
one study, copulation call duration was longer if females mated
with adult males thanwith subadults or juveniles and, importantly,
if adult males ejaculated (O'Connell & Cowlishaw, 1994). However,
in other populations (Henzi & Lycett, 1995; Ron, Henzi, & Motro,
1996; Smith, 1986) the majority of matings were with high-
ranking males, which were not contested by other males despite
female calls, suggesting that inciting sperm competition is not the
main function of copulation calls in this species (Henzi, 1996).
Instead, Henzi (1996) proposed three alternative hypotheses for the
evolution of copulation calls: (1) no functional significance; (2)
inciting sperm competition in ancestral populations but currently
no longer evolutionarily relevant; and (3) encouraging consort
behaviour in high-ranking males to increase their paternity cer-
tainty (i.e. female choice hypothesis, see below). However, sperm
competition may only play a role in large multimale groups, and
some of the studies cited above featured an atypically low number
of males (<5), where male takeovers are difficult (Cowlishaw &
O'Connell, 1996). One other complexity with the sperm competi-
tion hypothesis is that primate sperm is viable over several days, so
thatmalemating success should be analysed over consecutive days,
including the pre-oestrous period (Bercovitch, 1989). In Barbary
macaques, Macaca sylvanus, females appear to influence male
ejaculations by adjusting call onset and amplitude or suppressing

Table 1
Definitions of key terms

Term Definition

Adult male Individual that displays fully developed secondary sexual characteristics, such as large canines and long neck hair
(Altmann, Altmann, Hausfater, & McCuskey, 1977)

Consortship Adult male ‘shows continual attention and awareness of the swelling female, and when one or both animals move so as to maintain
close proximity with each other’ (Hausfater, 1975, p. 18). The adult male copulates with the female, grooms her frequently and
aggressively repulses the takeover attempts of the other nonconsorting males (Ransom, 1981)

Mount Adult male ‘grasps the pelvis of the female, elevates his forequarters over the hind end of the female and clasps the female's ankles with
his feet’ (Hausfater, 1975, p. 14). The male makes an intromission with pelvic thrusting. It can occur with or without ejaculation.
For a video example, see Supplementary material

Female parity Parous: females that have given birth to an infant (Smuts & Nicolson, 1989); nulliparous: subadult females reaching menarche that
have not yet given birth but have full swellings (Smuts & Nicolson, 1989)

Full swelling Top, middle and sides of the rumps are swollen around the day of ovulation (Higham, MacLarnon, et al., 2008)
Audience Identities of all the individuals within 10 m of the focal animal
Friendship Relationship between two individuals characterized by high rate of grooming, close proximity, low rate of aggression and tolerance

at food resources (Silk, 2002; Silk et al., 2013)
Habitat visibility Low: 50e100% tree cover

High: 0e50% tree cover
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