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Abstract

Variation in mating systems and in individuals’ copulation patterns can have important consequences for the genetic structure
of a population and ultimately its evolution. Whilst most gorilla sub-species form single-male, polygynous reproductive
groups, mountain gorillas have both single-male and multimale reproductive groups. Considerable research has investigated
the mating patterns of males in these multimale groups, but comparatively little is known about females. We investigated the
copulation patterns of 71 female mountain gorillas over 13 years. We found that most sexually active, fecundable females
in multimale groups had multiple mating partners. Females’ copulation patterns varied based on their reproductive stage,
mating most often and with the greatest number of partners when they were pregnant, and least often when they had young
dependent offspring. Females copulated throughout pregnancy, with pregnant females copulating more frequently in single-
male groups than in multimale groups. Mating also varied with age, with older females mating less often and with fewer
partners. Our findings confirm that when females transfer between single-male and multimale groups, they predominantly
switch from copulating with one male to copulating with multiple males, and that females are also flexibly adjusting their
copulation patterns across their lifetimes. This highlights the considerable variability of the mountain gorillas mating system,
particularly from the female perspective, and the importance of accounting for within-species variation in copulation patterns.

Significance statement

Patterns of mating can vary both between individuals of the same species and within individuals across their lives. These pat-
terns influence the genetic structure of a population. By examining copulation patterns in female mountain gorillas, we dem-
onstrate that whilst females in single-male groups have only one mating partner, females in multi-male groups predominantly
have multiple partners across a year. They also alter their copulation patterns across their lifetimes, copulating less often and
with fewer partners as they age, and copulating most when pregnant. Our results highlight the flexibility with which female
mountain gorillas can adjust their copulation patterns across their lifetimes, as the costs and benefits of copulation shift.
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Introduction

Animal societies are shaped by the composition of their
groups, the relationships within and between these groups
and their mating systems (Opie et al. 2012; Kappeler 2019).
These elements of the social system can have profound con-
sequences for reproductive skew and the genetic structure of
>4 Robin Morrison populations (Altmann et al. 1996; Koenig et al. 2013), which

rmorrison@gorillafund.org ultimately shape a species’ evolution. Different elements of
the social system are often closely linked, and this is par-
ticularly true for group composition and mating system, as
in many social species, mating primarily occurs between
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individuals residing in the same group (Clutton-Brock 1989;
Kappeler and van Schaik 2002; Prox and Farine 2020).

Mating systems are broadly defined as monogamy, one
female mating with one male; polyandry, one female mat-
ing with multiple males; polygyny, one male mating with
multiple females; and polygynandry, where both males
and females have multiple mating partners (Petersdorf and
Higham 2018). However, some species do not fall within a
single mating system category, and in species with a vari-
able mating system, mating patterns can vary considerably
between individuals and even within individuals over time
(Davies and Lundberg 1984; Rowell 1988; Lott 1991; Angell
et al. 2013; Prox and Farine 2020). For example, cichlid
species have been found to vary their mating patterns based
on the amount of predation, the sex ratio, the season and
male intruder pressure (Lott 1991; Sefc et al. 2009), whilst
dunnocks have been found to vary between monogamy, poly-
andry, polygyny and polygynandry based on the distribu-
tion of resources and the ease with which females can be
monopolised (Davies and Lundberg 1984).

Phylogenetic analyses suggest that the ancestral mating
system of primates was polygynandrous, which subsequently
transitioned to polygyny and monogamy in a number of
clades (Opie et al. 2012). In group-living primates, mating
partners are often limited to those living within the same
social group (Kappeler and van Schaik 2002), and evolution-
ary transitions in group composition and mating strategy
have occurred in close succession (Opie et al. 2012). Vari-
able mating systems appear to be relatively scarce in group
living primates (Lott 1991; Kappeler and van Schaik 2002).
However, our knowledge of such variation is likely limited
by data availability and there are a number of notable excep-
tions, including saddle-back tamarins (Goldizen et al. 1996),
black-crested gibbons (Jiang et al. 1999), mountain gorillas
(Robbins 1999) and humans (Walker et al. 2011).

Mountain gorillas have a highly flexible social organisation.
Whilst reproductive groups in other gorilla subspecies are almost
exclusively single-male, composed of a single adult male, one or
more females and their offspring (Parnell 2002; Robbins et al.
2004), in mountain gorillas, both single-male and multimale
reproductive groups are common (Robbins and Robbins 2018;
Hickey et al. 2019). This is because only around half of males
and females disperse from their natal group at sexual maturity
(Robbins and Robbins 2005; Robbins et al. 2009). Single-male
groups are believed to be the ancestral social organisation for
mountain gorillas due to the rarity of multimale groups in other
gorilla subspecies (Parnell 2002; Robbins et al. 2004), their pro-
nounced sexual dimorphism (Leigh and Shea 1995), their lack
of adaptation to sperm competition (Harcourt et al. 1981) and
their lack of paternity discrimination (Rosenbaum et al. 2018).

Mating and reproductive skew within multimale moun-
tain gorilla groups from the male perspective has been the
focus of considerable research interest (Bradley et al. 2005;
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Robbins and Robbins 2005; Stoinski et al. 2009b, ¢; Robbins
et al. 2019). In single-male groups, one adult male benefits
from all mating opportunities. In multimale groups, whilst
the dominant male usually gains the majority of mating
opportunities and paternity, subordinate males also often
gain opportunities to mate and sire offspring (Bradley et al.
2005; Nsubuga et al. 2008; Vigilant et al. 2015). However, to
understand whether the observed variation in social organi-
sation (single-male and multimale groups) is accompanied
with variation in the mating system within these groups,
we need an understanding of both male and female mating
strategies and copulation patterns.

Extremely little is known about copulation patterns
within these multimale groups from the female perspective.
Whilst we know males regularly mate with multiple females,
copulation patterns have only been reported in detail for 14
females (Robbins 1999). In this study, which examined two
multimale groups (one group with two adult males and one
with four adult males), 11 out of 14 females were observed
copulating with multiple males. Since this study took place,
far larger multimale groups have been observed with up to
10 mature males residing in a single group. Females can
transfer between groups (both single-male or multimale)
multiple times throughout their lives providing an oppor-
tunity to alter the identity and number of their mating part-
ners. Females also initiate the majority of copulations (Watts
1991), suggesting that, in addition to the broad-scale mate
choices they can make when dispersing between groups,
they also have considerable control over finer-scale copu-
lation decisions within their group, involving when, how
often and, in the case of multimale groups, with whom they
copulate.

Given this level of control, we therefore might expect
females to adjust their copulation strategies across their life-
times as the relative costs and benefits shift. For example,
copulating and becoming pregnant at a young age, when
female gorillas are still growing themselves (Galbany et al.
2017), could result in a net reduction in reproductive success
across the lifetime (Blomquist 2009). In multimale groups,
strategic decisions are likely to involve not only the timing
and frequency of copulation but also decisions around which
partners to copulate with and the total number of partners.
Females’ reproductive stage is one factor that we would expect
to alter the costs and benefits of copulating. For example, dur-
ing pregnancy, copulations no longer provide a reproductive
benefit but may provide alternative benefits in the form of
paternity confusion, sexual competition or bond strengthening
(Hrdy and Whitten 1987; Doran-Sheehy et al. 2009; Stoinski
et al. 2009a; van Noordwijk and van Schaik 2009). When
females already have a young infant, the costs of copulation
may increase, as having another infant to care for may put the
survival of the current infant at risk (Carlisle 1982; Eckardt
et al. 2016; Behringer et al. 2022). However, regular suckling
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by a current infant, such as that commonly observed by moun-
tain gorillas under 2.5 years, is believed to suppress cycling,
reducing the risk of pregnancy (Stewart 1988).

Age is another factor likely to shape reproductive strat-
egies. Reproductive senescence in mid-life (menopause),
such as that seen in humans and killer whales is rare (Croft
et al. 2017; Johnstone and Cant 2019). Most female mam-
mals reproduce up until death, but many also have rates
of reproduction that slow as they age (Packer et al. 1998;
Alberts et al. 2013; Lee et al. 2016). These slowing rates
of reproduction are likely driven by declines in fertility,
such as through the deterioration of ovarian function and
higher rates of miscarriage (Harley 1990; Holman and Wood
2001; Robbins et al. 2006). However, there may also be a
behavioural component to these reproductive declines, with
females copulating less often as they age. Alternatively,
females could be copulating more frequently in an attempt
to counter the effects of declining fertility. In gorillas, stud-
ies of reproductive declines with age have found conflicting
results. Robbins et al. (2006) found that in Virunga mountain
gorillas, inter-birth intervals of surviving offspring did not
increase with the mother’s age but did increase with her
number of previous births. More recent analyses on the same
population have demonstrated that females at the extremes
of the age distribution, i.e. the youngest and oldest indi-
viduals, had the longest inter-birth intervals (Campos et al.
2022). Examining how the frequency with which female
gorillas copulate varies with age will help identify whether
these reproductive declines are driven solely by declines in
fertility or also by changes in female mating behaviour.

In addition to age-related changes in the frequency with
which females copulate, females may also alter their num-
ber of partners as they age. Research on social ageing has
demonstrated consistent trends across a number of species,
including humans and other primates, for older individu-
als to have fewer social partners (Siracusa et al. 2022).
In humans, this increased social selectivity is associated
with an emphasis on higher quality, “emotionally close”
relationships (Charles and Carstensen 2010). If such age-
based social selectivity extends to copulation patterns, we
might expect ageing females to have fewer copulation part-
ners even if their overall frequency of copulation remains
consistent. Alternatively, a greater number of copulation
partners earlier in life could be driven by male preference.
Past research has demonstrated that subordinate males may
have more opportunities to mate with nulliparous females,
as the dominant male may be more tolerant of such copu-
lations, where females may not yet be fertile and there is
a high likelihood that the female is their daughter (Watts
1990; Stoinski et al. 2009b). This may enable nulliparous
females to copulate with a greater number of partners,
whilst the dominant male might prevent parous females
from mating with as many partners (Watts 1990).

In this study, we use 13 years of data collected in 9 differ-
ent multimale gorilla groups to investigate female copulation
patterns, testing whether females adjust their frequency of
copulations and number of partners with reproductive stage
and age. We then examine copulation patterns in detail across
pregnancy, comparing copulation frequency across each tri-
mester for females in both multimale and single-male groups.
Finally, we examine differences in copulation patterns more
broadly between single-male and multimale groups, investi-
gating the variability of the copulation patterns of females that
move between single-male and multimale groups. As female
mountain gorillas lack outwardly observable signs of cycling
or ovulation (Stewart 1988), we primarily refer to copulation
patterns (as opposed to mating patterns) throughout, as we
cannot determine with certainty whether such copulations
could result in reproduction. We refer to mating patterns in a
small subset of analyses restricted to only females with a high
likelihood of being fecundable given their reproductive stage.

Methods
Study population and data collection

We conducted this study on a subpopulation of Virunga
mountain gorillas in the Volcanoes National Park, Rwanda,
that has been monitored for over 50 years. These gorillas are
habituated to human presence and visited for up to 4 h each
day. All gorillas are individually identified based on physical
characteristics. Field staff record demographic data, includ-
ing daily group composition and all births, deaths and trans-
fers between groups. Key behaviours that are observed with
lower frequency, including displacements and copulations, are
recorded ad libitum (i.e. whenever observed). Data is also
recorded using a focal follow approach. A focal individual is
chosen semi-randomly (to increase evenness of sampling), and
data recorded on them for 50 min. During this focal, any copu-
lations are recorded. Consistent long-term monitoring of this
population enabled the age of 88.7% (55 out of 62) of females
to be known to an accuracy of within 15 days. Of the remain-
ing 7 females, the ages of 2 were known with an accuracy of
+ 1.5 months; 3 females were first observed as subadults, with
ages known to an accuracy of + 1.5 years; and 2 females were
first observed as adults. It was not possible to record data blind
because our study involved focal animals in the field.

Data extraction
All recorded copulations from both ad libitum and focal
data were combined to produce a master dataset of all

observed copulations. Whilst focal data is expected to
be more complete and some copulations may have been
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missed in the ad libitum data, we do not expect any
particular bias towards data to be missed from specific
individuals within a group. However, it is possible that
copulations may be missed more often in larger groups,
containing a greater number of sexually active individuals.
We therefore accounted for this in our models. In goril-
las, copulation often involves specific vocalisations and
is therefore less likely to be missed than other behaviour
types during group observations (Watts 1991). By combin-
ing copulations from both focal (n=1165) and ad libitum
(n=3334) datasets, we could examine a broader picture
of copulation patterns within gorilla groups. This is par-
ticularly important for the number of copulation partners,
on which data would be severely limited if we restricted
analyses to focal data alone. As groups were monitored for
a maximum of 4 h per day, our data represent a minimum
of actual copulation occurrences.

Female copulation data was subdivided into time win-
dows based on each female’s reproductive stage and age that
were a maximum of 365 days in length. Each female over
the age of 6 years in the population was categorised into one
of six reproductive stages across the study period: (1) nul-
liparous, when females had not yet given birth; (2) pregnant,
when females were within 260 days prior to giving birth
(Robbins 1999; Czekala and Sicotte 2000); (3) infant under
1, when their youngest surviving offspring was under the
age of 1 year; (4) infant 1-2, when their youngest surviving
offspring was between the age of 1 and 2 years; (5) infant 2
to 3, when their youngest surviving offspring was between 2
and 3 years; (6) no infant under 3, when females were parous
but did not currently have an infant under 3 years. Females
without offspring under 3 years were combined into a single
category, as once a female’s offspring reaches 3, she is likely
to have begun cycling again (Stewart 1988). If females were
pregnant, this category took precedence (e.g. if they had an
infant under 3 years but had already become pregnant, they
were categorised as pregnant).

Each female’s first copulation time window began on the
first day of the study (1 January 2003), the date on which
the female turned 6 or the first day they were observed in the
population over the age of 6 years, whichever was the latest.
Each copulation time window ran until the female changed
reproductive stage, changed social group, left the study pop-
ulation or until 365 days after the start of the time window,
whichever was earlier. If the female remained in the study
population, their next copulation time window began on the
subsequent day. The age of 6 years onwards, from which we
analysed female copulation patterns, is consistent with the
age of menarche in female mountain gorillas (Watts 1990).

The number of times a female was observed copulating
and their number of partners was extracted for all females
in each of their copulation time windows between 2003 and
2015. We also extracted the total number of sexually active
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females and males within each female’s group during their
copulation time window. The observation effort for each
female in each time window was calculated based on the
number of hours their group was observed within the time
period. Copulation time windows of fewer than 60 days or
with fewer than 200 observation hours were excluded from
all analysis, given the high potential for bias in values based
on few days and/or observation hours. Copulation time win-
dows in the remaining sample were a mean (+SD) of 285.8
+ 90.8 days in length and based on a mean (+SD) of 989.3
+ 398.2 observation hours.

Females were considered to be in multimale groups if
more than one adult male (>9 years) was sexually active dur-
ing their copulation time window. This was cross-referenced
against group composition to verify that no other adult males
were resident in the group in any cases where only one male
was recorded copulating. This enabled us to examine the
copulation patterns of 71 females in 9 multimale groups,
across 674 time windows, which had the opportunity to
copulate with two or more sexually active males.

Frequency of female copulation

The effect of females’ reproductive stage and age on their
frequency of copulating in multimale groups in each time
window was examined using a negative binomial generalised
linear mixed model (GLMM). The effect of each reproduc-
tive stage was modelled relative to parous females with no
offspring under 3 years. The number of sexually active males
and number of sexually active females present in the group
were also included in the model. The number of hours of
observation was accounted for using a log offset term and
random effects for individual and group were included. The
interaction between reproductive stage and age could not be
modelled due to model convergence problems.

Female copulation across male partners

The effect of females’ reproductive stage and age on their num-
ber of copulation partners in multimale groups in each time
window was examined using a GLMM with a Poisson distri-
bution. As previously, the number of sexually active males and
females, a log offset term for the number of hours of observa-
tion and random effects for individual and group were included.
The interaction between reproductive stage and age again could
not be modelled due to convergence problems.

To examine variability in mating patterns, i.e. copula-
tion patterns when females were fecundable, we calculated
the proportion of fecundable females in multimale groups,
monitored over at least 360 continuous days that had 0, 1
and more than 1 mating partner. Fecundable females were
defined as those over the age of 9 years (mean age of first
birth = 9.99 years (Morrison et al. 2022)) that were not
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pregnant and did not have an infant under 3 years (mean
surviving inter-birth interval = 4.09 years (Morrison et al.
2022)). This included 8 nulliparous and 41 parous time
windows across 27 females.

Conception and pregnancy

All female copulation data across periods when females
were pregnant in either single-male (n=24 pregnancies
in 15 females) or multimale groups (n=95 pregnancies
in 47 females) were examined. Each pregnancy was split
into three trimesters, defined as T1: 260-174 days prior
to birth; T2: 173-88 days prior to birth; and T3: 87-1
day prior to birth (Robbins 1999; Czekala and Sicotte
2000). Copulation patterns were only examined for tri-
mesters in which the female’s group was observed for at
least 100 h (N=350 trimesters from 119 pregnancies of 51
females). We examined changes in copulation frequency
across pregnancy and between group types using a nega-
tive binomial GLMM, including group type (single-male
or multimale), trimester, and the interaction between group
type and trimester as predictor variables. A random effect
for the specific pregnancy, nested within female ID, was
included, along with a log offset term for the number of
hours of observation.

We examined the number of partners across each tri-
mester for females in multimale groups using a GLMM
with a Poisson distribution, including trimester as a pre-
dictor, a random effect for the pregnancy nested within
female ID and a log offset term for observation hours.
We also examined the number of copulation partners for
females in multimale groups in the period surrounding
conception in more detail. We extracted their monthly
number of copulation partners and hours of observation
in the 5 months surrounding the date of conception (i.e.
the month of conception and the 2 months either side). The
month of conception was estimated as the 15 days either
side of the estimated date of conception, 260 days prior
to birth (Robbins 1999; Czekala and Sicotte 2000). The
influence of month relative to conception on the number
of partners was modelled using a GLMM with a Poisson
distribution, with a log offset term to account for observa-
tion hours. Pregnancy but not female ID was included as a
random effect, due to issues of model convergence.

Variability in copulation patterns across group types

We compared the frequency of copulations in single-male
and multimale groups using a negative binomial GLMM
(N=674 female time windows, from 71 females in 16
groups). Group type was included as a predictor, with female
ID and group included as random effects, and a log offset

term for the number of hours of observation. We then identi-
fied the proportion of females that had resided in both types
of groups across the study period, examining whether any
of these females copulated exclusively with a single partner
when residing in a multimale group.

Model fitting and checking

All models were fitted by maximum likelihood using the
‘Ime4’ R package. Models were checked for overdispersion
and zero inflation using the ‘performance’ R package, and
where identified, an alternative distribution (e.g. negative
binomial) was used and models rechecked to ensure overdis-
persion or zero inflation were no longer present. All models
were compared against null models which contained all con-
trol and random effect variables but no predictor variables,
by ANOVA using AIC.

Results
Frequency of female copulation

The frequency with which females in multimale groups
were observed copulating was strongly influenced by their
age and reproductive stage (Table 1, Fig. 1). Pregnant
females copulated most frequently, significantly more often
than parous females without an infant under 3 (the refer-
ence category). This was followed by nulliparous females,
whose frequency of copulating did not differ significantly
from parous females without an infant under 3. Females
with infants under the age of 1 year mated least frequently,
with 88.6% of females in this reproductive category never
observed copulating, 8.0% observed copulating once and
3.4% observed copulating twice (n=88 time windows).
Females with infants under the age of 2 also rarely cop-
ulated, with 78.6% never observed copulating, 15.7%
observed copulating once and 5.7% observed copulating
multiple times (n=70). The majority of females appear to
start becoming sexually active again when their offspring
is between 2 and 3 years old. Copulations by females in this
reproductive stage are still less frequent than in females
without an infant under 3 (Table 1), but 54.3% of females
with offspring between 2 and 3 years old were observed
copulating at least once (n=70).

The frequency of copulation also declined with the age of
the female (Table 1). As females effectively do not copulate
when their infant is under 2 years and appear to copulate at
high frequencies during pregnancy regardless of age (Fig. 1),
this pattern appears to be driven primarily by females that
do not have infants under the age of 2 years. Frequency of
copulation was not influenced by either the number of sexu-
ally active males or females present in the group.
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Table 1 The effect of reproductive stage, age, number of sexually
active males and number of sexually active females, on the frequency
with which females copulated. The effect of reproductive stage was
relative to parous females with no infant under the age of 3 years.
Effects were modelled using a generalised linear mixed model with
a negative binomial distribution, random effects for individual and
group and a log offset term for the number of hours the female’s
group was observed. Number of observations = 546, from 71 females
in 9 groups

Number of copulations (negative binomial GLMM)
Comparison of full and null model: X?=413.69, p<0.001

Est Std. error Z Pr(>lzl)
(Intercept) —-1.656 0.291 -5.690 <0.001
Nulliparous 0.164 0.207 0.790  0.430
Pregnant 0.496 0.153 3.249  0.001
Infant under 1 year —4.190 0.329 —12.745 <0.001
Infant aged 1-2 years —3.276 0.268 —12.238 <0.001
Infant aged 2-3 years —1.404 0.200 —7.025 <0.001
Age -0.210 0.094 -2.241  0.025
No. of sexually active males  0.021 0.029 0.722  0.470
No. of sexually active -0.011 0.022 -0.524  0.600

females

Female copulation across male partners

Nulliparous females, pregnant females and parous females
with no infants under the age of 3 (the reference cate-
gory) had the greatest number of copulation partners in
multimale groups (Table 2, Fig. 1). Females with infants
in the under 1-, 1-2- and 2-3-year categories had the
fewest partners, with a significant reduction in partners
compared to parous females without an infant under 3
years (Table 2, Fig. 1). Females were observed copulat-
ing with more partners, the greater the number of sexu-
ally active males in the group, but observed copulating
with fewer partners, the greater the number of sexually
active females in the group (Table 2). The number of part-
ners a female had declined strongly with age. Again, this
appeared to be driven by females that did not have infants
under the age of 2 years and were not pregnant, as females
with infants under 2 rarely copulated, regardless of age,
and pregnant females copulated with a high number of
partners, regardless of age (Fig. 1).

Mating patterns were examined in fecundable females
monitored for at least 360 continuous days. This included 8
nulliparous and 41 parous female time windows across 27
individuals. All nulliparous females mated with more than
one male across the year they were observed. Ten parous
females did not mate (24.4%), 9 mated with only one partner
(22.0%) and 22 mated with multiple partners (53.7%). Over-
all, of the 39 fecundable female years in which a female was
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sexually active, 76.9% involved mating with multiple males,
whilst 23.1% involved mating with only one male.

Conception and pregnancy

Females in both multimale (=95 pregnancies in 47 females)
and single-male groups (n=24 pregnancies from 15 females)
consistently copulated across pregnancy (Fig. 2A), and
females in multimale groups consistently copulated with
multiple partners across pregnancy (Fig. 2B). Females in
single-male groups copulated more frequently during preg-
nancy than those in multimale groups (Table 3), and this dif-
ference was greatest in the first trimester (Fig. 2A). Although
trimester did not predict the frequency of copulation overall,
the effect of trimester on the frequency of copulation dif-
fered between single-male and multimale groups (Table 3),
with frequencies declining in single-male groups as the
pregnancy progressed but remaining relatively stable across
the pregnancy in multimale groups (Fig. 2A). In multimale
groups, females’ number of copulation partners did not dif-
fer across trimesters (X2 =2.832, df =2, p=0.243; Fig. 2B).
Number of partners also did not differ across the months
leading up to and immediately following conception (X* =
2.876, df = 4 p=0.579; Fig. 3).

Variability in copulation patterns across group types

We compared the frequency of copulations in single-male and
multimale groups (674 time windows, from 71 females in 16
groups). Females in single-male groups did not mate more often
than those in multimale groups overall (n=674, est=—0.280 +
0.251, z=—1.116, p=0.265). Almost half of the females stud-
ied (47.9%, 34 out of 71) had resided in both single-male and
multimale groups across the 13-year study period, and 26
were observed copulating in both group types. All but one of
the 26 females observed copulating in both group types mated
with more than one partner in at least one time window. These
females copulated with multiple males in 72 of the 128 time
windows (56.3%) in which they resided in a multimale group
and were observed copulating. The one female that was observed
copulating with only one male at a time had three time windows
in a multimale group in which she was observed copulating. In
one of these, she was only observed copulating once, and in
another, she was only observed copulating twice, suggesting that
this perceived single-male strategy may be the result of too few
copulation observations. However, in the final period, she was
observed copulating 28 times with a single male (the dominant
male), despite the presence of two other sexually active males
in the group. None of the males were known kin; however, the
two males with which she did not copulate were more than 15
years younger than her compared to the male she did copulate
with who was 9.8 years younger than her.
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Discussion

Our findings support past research (Robbins 1999) demon-
strating that mating in multimale mountain gorilla groups is
predominantly polygynandrous, with most fecundable and
sexually active females copulating with multiple partners
in a year. We confirm that females predominantly change
from copulating with only one male, to copulating with
multiple males when they transfer between single-male and
multimale groups. This variability in mating system is a trait
shared with humans, one of gorillas’ closest evolutionary
relatives, who show even greater flexibility with monogamy,
polygyny, polyandry and polygynandry all observed (Walker
et al. 2011; Schacht and Kramer 2019). In other African
apes, less variation in group composition is observed and
mating strategy closely resembles group composition, i.e.
with polygynandry in multi-male, multi-female chimpan-
zee and bonobo groups and polygyny in single-male, multi-
female western gorilla groups (Parnell 2002; Robbins et al.
2004; Petersdorf and Higham 2018; Moscovice et al. 2019).

Copulation patterns within multimale mountain gorilla
groups are strongly affected by females’ reproductive stage.
Females rarely copulate when they have offspring under the
age of 2 years, and copulate less frequently when they have
offspring aged between 2 and 3 years, compared to those with-
out young offspring. This gradual resumption of copulating
coincides with weaning, as infants reduce their frequency of
suckling from around 2.5 years (Stewart 1988) and reach nutri-
tional independence around 3.3 years (Eckardt et al. 2016). This
weaning likely enables a transfer of investment from current to
future offspring, with associated hormonal changes resulting in
a resumption of cycling and an increase in mating behaviours
(Stewart 1988; Habumuremyi et al. 2014).

Contrary to previous studies in this population (Watts
1990, 1991; Robbins 1999), our large sample has enabled us
to demonstrate that some females are copulating when they
still have young unweaned offspring. However, this still rep-
resents a minority of females, most of whom were observed
copulating only once over a period of up to a year. Further
hormonal analyses are required to determine the point at
which females commonly resume cycling following a birth,
and the extent to which pregnancy is prevented by lactation
inhibiting cycling (lactational amenorrhea), by residual lac-
tational infertility (infertility after cycling has resumed) or
by the extremely low rates of copulation. For example, in
capuchin monkeys, lactation prevents cycling for roughly
5 months following birth, during which copulations do not
occur. This is followed by a further 10 months of residual
lactational infertility during which females are cycling and
copulating, but do not become pregnant (Recabarren et al.
2000). Both lactational amenorrhea and residual lactational
infertility are common across primates, including humans

(Diaz et al. 1995), baboons (Altmann et al. 1978), macaques
(Aso et al. 1985) and colobus monkeys (Harris and Monfort
2006). In gorillas, the absence (or extremely low rates) of
copulation by females with young infants is likely to provide
redundancy with lactation-based mechanisms, increasing
the reliability with which pregnancy is prevented. It is also
highly likely that these mechanisms are interlinked, with
hormonal changes simultaneously leading to lower procep-
tivity in females and inhibiting cycling or fertility (Ziegler
et al. 2000; Habumuremyi et al. 2014; Calik-Ksepka et al.
2022).

Nulliparous females did not copulate more frequently
or with more partners than parous females without infants
under 3. However, as nulliparous females represent almost all
females under the age of 8 years (Fig. 1), it is not possible to
disentangle the effect of being very young, from being nul-
liparous. Older females copulated less frequently and with
fewer partners than younger females. The decline in frequency
of mating with age suggests that age-based declines in repro-
duction in this species (Robbins et al. 2006; Campos et al.
2022) are, in part, behaviourally driven. Hormonal analyses
have suggested that ovarian function may decline as moun-
tain gorillas age, with geriatric females cycling less frequently
(Habumuremyi et al. 2016). The combination of lower rates
of copulation and declining ovarian function is likely to
limit reproduction later in life. At this point, it may be more
advantageous for females to invest in current offspring than
future offspring, given older mothers’ low rates of offspring
survival (Campos et al. 2022) and increased risk of dying
before offspring are weaned (Robbins et al. 2006). It is also
possible that age-related hormonal changes may directly drive
the reduction in copulations if rates of cycling decline with
age, as copulations are more frequent in the days surrounding
ovulation (Habumuremyi et al. 2014, 2016). Further research
on copulation patterns across the lifespan in other species will
help elucidate the extent to which behavioural changes are
responsible for age-related changes in female reproduction
more broadly, as well as the potential for hormonal changes
to drive these behavioural changes.

The decline in number of copulation partners with age
suggests that females are not just mating less frequently but
are also becoming more selective in their choice of partner,
mirroring age-based changes observed in social behaviour
in other species (Siracusa et al. 2022). Inbreeding avoidance
and male preference also represent potential explanations for
the decline in female copulation partners with age. Female
relatedness to male group members would be expected to
increase with group tenure, as their male offspring reach
maturity (Ellis et al. 2022), which may effectively reduce
their number of options for copulation partners later in life if
they remain in the same social group. Dominant males may
also be more tolerant of other males copulating with young
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«Fig. 1 Females’ frequency of copulation and number of partners dur-
ing each reproductive period, across age. Dots indicate values during
each reproductive stage across a maximum of 1 year. Lines indicate
smoothed averages across age for each reproductive stage, calculated
using the loess function. Grey shading indicates 95% confidence
intervals

females that could be their daughters (Watts 1990; Stoinski
et al. 2009b). Finally, males may be less receptive to older
females if they are less fertile or at greater risk of dying prior
to weaning of offspring (Robbins et al. 2006; Campos et al.
2022). However, a major caveat to these analyses is that due
to sampling most females over only a small proportion of
their reproductive life, we were unable to directly demon-
strate these age-based changes within individuals, taking a
broader comparative approach across individuals.

The frequency with which females in multimale groups
copulated did not change based on the number of sexually
active males or females in their group. This contrasts with
previous research demonstrating that females copulate more
on days when they are the only receptive female compared
with days when multiple females are receptive (Watts 1990).
This difference, however, is likely to be driven by the time
scales over which these behaviours were examined and sug-
gests that whilst female competition may limit access to
males and thus copulation frequency over a single day, it
does not hinder access to the same extent over the longer
periods of up to a year that we examine. A female’s number
of copulation partners increased with the number of sexu-
ally active males present, suggesting that females choose to
increase their number of partners given a greater number of
options. Number of partners also decreased with the num-
ber of sexually active females present. In combination with
the lack of effect on copulation frequency, these findings
suggest that females are ultimately able to copulate at their
desired frequency but may face competition over access to
certain partners and the timing of those copulations. How-
ever, all analyses related to the number of sexually active
group members and particularly those predicting copulation
frequency must be interpreted with caution, due to the pos-
sibility that a greater number of copulations were missed
during ad libitum sampling in larger groups.

Copulating with multiple males around the time of con-
ception is a common strategy for infanticide avoidance,
but a potential cost is that females reduce their capacity
to choose which male they reproduce with (Smuts 1987).
Mountain gorillas have high male reproductive skew,
with the dominant male siring the majority of offspring
(Nsubuga et al. 2008; Vigilant et al. 2015). This could
occur through dominant males gaining more copulation
opportunities or by females copulating with them more
often when they are most fertile. Females could reduce
their number of partners when most fertile to increase the

likelihood of a high-quality male siring their offspring.
This would enable some level of female choice regarding
the paternity of their offspring whilst still allowing them
to gain the benefits associated with copulating with mul-
tiple males. However, we found no evidence that females
in multimale groups were reducing their number of part-
ners in the month of conception, relative to the months on
either side. This suggests that if females are reducing their
number of partners during their most fertile periods, this is
occurring over time scales shorter than a month.

One of the most unusual aspects of female gorilla’s
copulation patterns is the frequency with which they copu-
late during pregnancy. We found that females consistently
copulated throughout pregnancy, and that this occurred at
the highest frequency of all female’s reproductive stages.
In multimale groups, this occurred with a consistent num-
ber of male partners across the trimesters. Post-conception
copulations in multimale groups are commonly explained
as a paternity confusion strategy, such that multiple males
could feasibly have fathered the offspring and therefore
may provide paternal care, or be less likely to commit
infanticide (van Noordwijk and van Schaik 2009). How-
ever, post-conception copulations also occur in primates
in single-male groups due to the additional benefits they
can confer, such as increased protection or feeding oppor-
tunities for the female, or through sexual competition with
other females via sperm depletion (van Noordwijk and van
Schaik 2009).

Such post-conception copulations occur in single-male
western lowland gorilla groups, where females are more

Table2 The effect of reproductive stage, age, number of sexually
active males and number of sexually active females, on female’s
number of copulation partners. The effect of reproductive stage was
modelled relative to parous females with no infant under the age of 3
years. Effects were modelled using a generalised linear mixed model
with a Poisson distribution, random effects for individual and group
and a log offset term for the number of hours the female’s group
was observed. Number of observations = 546, from 71 females in 9
groups

Number of copulation partners (Poisson)
Comparison of full and null model: X?=483.96, p<0.001

Est Std. error Z Pr(>1zl)

(Intercept) -3.054 0.153 —19.925 <0.001
Nulliparous -0.031 0.139 -0.220  0.826
Pregnant 0.144 0.108 1.341  0.180
Infant under 1 year -2.977 0.311 -9.564 <0.001
Infant aged 1-2 years -2.419 0.263 -9.201 <0.001
Infant aged 2-3 years -0.997 0.159 —6.282 <0.001
Age —0.210 0.059 -3.578 <0.001
No. of sexually active males ~ 0.057 0.017 3.386  0.001
No. of sexually active females —0.044 0.014 -3.056  0.002
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Fig.2 Copulation patterns
across pregnancy for females
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likely to copulate on days when other females are sexually
active (Doran-Sheehy et al. 2009; Stoinski et al. 2009a). We
found post-conception copulations were common in both
single-male and multimale mountain gorilla groups but
occurred at higher frequency in single-male groups, particu-
larly during the first trimester. This could be driven by sexual
competition between females in single-male groups, where
females have greater potential to monopolise copulations
limiting the capacity of other females to reproduce (Doran-
Sheehy et al. 2009; Stoinski et al. 2009a). Sexual competi-
tion, particularly close to the time of conception, may also
provide greater benefits in single-male groups where only
one adult male is available to protect young offspring from
infanticide by outgroup males (Robbins et al. 2013). This
higher frequency of female copulation in single-male groups

Table 3 The effect of trimester of pregnancy (T1-3) and group type
(multimale vs single-male) on copulation frequency. Effects were
modelled using a generalised linear mixed model with a negative
binomial distribution. A random effect for the pregnancy, nested

relative to multimale groups during pregnancy was not found
more broadly across reproductive stages, suggesting this is
not merely driven by more efficient sampling in single-male
groups.

The lack of change in frequency of copulation across the
trimesters in pregnant females in multimale groups and the
lower frequency of copulation overall relative to pregnant
females in single-male groups suggests that paternity con-
fusion is not a major driver of copulation patterns during
pregnancy. This contrasts with patterns seen in many other
primate species (van Noordwijk and van Schaik 2009) but
is unsurprising given the rarity of infanticide by males from
within the same group, and the lack of paternity discrimi-
nation in male care (Watts 1989; Rosenbaum et al. 2015,
2018). Females in other primate species have often been

within female ID was included, and a log offset term for the number
of hours the group was monitored whilst the female was in each tri-
mester of pregnancy. N=350 trimesters from 119 pregnancies of 51
females.

Comparison of full and null model: X?=26.719, p<0.001

Est Std. error VA Pr(>lzl) X? p
(Intercept) —1.486 0.141 —10.572 <0.001
Trimester of pregnancy (relative to T1) 3.432 0.064
T2 0.003 0.107 0.029 0.977
T3 —-0.207 0.112 —1.855 0.064
Group type (single-male) 0.768 0.257 2.983 0.003 13.297 0.001
Stage of pregnancy:group type interactions (relative to T1:multimale) 9.708 0.008
Q2:single-male —0.463 0.217 -2.133 0.033
Q3:single-male —0.702 0.234 -2.999 0.003
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Fig.3 Females’ number of observed copulation partners in each
month of the 5 months surrounding conception. Month of conception
estimated as the 15 days either side of the estimated date of concep-
tion (260 days prior to birth). Mean number of copulation partners
per month provided at the top of each bar

documented copulating outside of fertile periods in response
to encountering unfamiliar males, e.g. following a group
takeover (Hrdy and Whitten 1987; Sommer et al. 1992), but
such events are again, extremely rare in mountain gorillas.
So why are post-conception copulations so widespread
across gorilla group types? Sexual competition provides
one adaptive explanation, although one with reduced
strength in multimale groups. An alternative is that post-
conception copulations could help establish and maintain
strong social relationships, which benefit the offspring
through enhanced protection or access to resources (Hrdy
and Whitten 1987; Nguyen et al. 2009; van Noordwijk
and van Schaik 2009). This may help explain why we
found that copulations were most frequent during preg-
nancy compared to all other reproductive stages, as a
close relationship with a male could be particularly val-
uable when females are about to have a young infant.
Finally, it has also been theorised that copulations dur-
ing pregnancy could merely be an artifact of hormonal
changes during pregnancy (Hrdy and Whitten 1987).
Overall, our findings demonstrate that multimale mountain
gorilla groups have a highly variable mating system, such
that, as females flexibly transfer between groups of differ-
ing composition, they are switching between polygynous and
polygynandrous mating. Females also flexibly adjust their
copulation patterns based on their age, reproductive stage
and group composition. We show that although copulations
are extremely rare when females have dependent infants, they
can still occur. Females also copulate throughout pregnancy,

and this occurs most frequently in single-male groups during
the first trimester—indicating the role of sexual competition
in shaping these copulation patterns. Older females copulate
less often and with fewer partners, suggesting a behavioural
component to female gorillas’ decline in reproduction with
age. This research highlights the flexibility with which female
mountain gorillas can adjust their copulation patterns across
their lifetimes, adding to our fairly limited understanding of
variable mating systems within non-human primates. Such
research can further our understanding of how flexible copu-
lation patterns such as our own may have evolved, and the
selective pressures that have shaped evolutionary transitions
between social organisations and mating systems.
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