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Abstract

Same-sex mounts provide male juvenile golden snub-nosed monkeys (Rhinopithecus roxellana) with opportunities to practice heterosexual
copulatory skills and are often followed by grooming (post-mounting grooming, PMG). We hypothesized that juveniles acted as the mountee
and provided mounting opportunities to receive grooming from their peer mounter. Here, we observed same-sex mounts among male juveniles
(N = 5) in a captive group of R. roxellana in Shanghai Wild Animal Park, China, from November 2014 to June 2015. Among 1,044 mounts recorded,
45.40% were accompanied by PMG initiated by the mounter and only 3.74% were followed by PMG initiated by the mountee. Mountees were
more likely to receive PMG when they performed a mounting solicitation than when they did not, or when they were mounted for a longer time
(even if they did not solicit). Over a long timeframe (1 month), mountee’s tended to choose partners who groomed them more often than others
after mounting, regardless of how long the grooming lasted. However, whether the mounter groomed the mountee did not predict the mounting
direction in their subsequent mount. Our results suggest that, in the context of same-sex mounts, juveniles provide mounting opportunities to
receive grooming from peers on a long-term, rather than on a short-term basis. This study provides the first evidence that juveniles’ same-sex
mounting strategy may be associated with the grooming market in nonhuman primates, which necessitates further investigation with large

free-ranging groups due to the limited sample size of individuals and the captive setting of the current study.
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In many gregarious animal species, group members act coop-
eratively to gain fitness benefits (Boesch and Boesch 1989;
Cheney 2011). Cooperative behavior may occur when it
immediately benefits both the cooperator and the recipient
(Stevens and Hauser 2004). In other cases (i.e., reciprocity),
however, cooperative behavior may involve an initial cost
to one of the participants (West et al. 2007; Cheney 2011).
Nonhuman primates exhibit a large variety of cooperative
behaviors and social trade is one mechanism that explains
why 2 individuals would cooperate even when there is a tem-
porary expense to one of them (Boesch and Boesch 1989;
Gumert 2007).

Same-sex mounting behavior has been documented in a
large number of primate species, especially in Cercopithecinae
and great apes (Vasey 1995, 2007). Similar to heterosexual
mounts, same-sex mounts typically involve solicitations, geni-
tal contact, and sometimes genital manipulation (Vasey 19935;
Vasey and Sommer 2006; Bailey and Zuk 2009). According
to the needing-to-learn hypothesis, same-sex mounts may
provide youngsters with opportunities to practice copulatory
skills and train for adult sexual roles (Chevalier-Skolnikoff
1976) (e.g., rhesus macaque, Macaca mulatta, Goy and
Wallen 1979; Japanese macaque, M. fuscata, Gunst et al.
2013). Some affiliative behaviors, for example, grooming,

kissing, huddling, or playfighting, may also follow same-
sex mounting behaviors (Vasey 1995; Dixson 2010). One of
these post-mounting behaviors, grooming, has been widely
explored and, besides its social functions, can also serve a util-
itarian function in parasite removal (Dunbar 1991). Indeed,
this benefit of grooming has been suggested to be traded as
payment for heterosexual matings in long-tailed macaques
(M. fascicularis) (Gumert 2007).

The aim of this study was to examine the relationship
between same-sex mounting and post-mounting groom-
ing (PMG) in male juvenile golden snub-nosed monkeys
(Rhinopithecus roxellana). This species lives in multilevel
societies with one-male multi-female unit (OMU) and all-male
unit (AMU) as the basic social units (Qi et al. 2014). Several
independent OMUs compose a breeding band, while bache-
lor males live together in several AMUs and form an all-male
band (Qi et al. 2014). In the breeding band, male juveniles
disperse from their natal OMUs before sexual maturity when
they are expelled by their resident male (usually around 3—4
years of age) (Yao et al. 2011). Same-sex mounting behaviors
between male R. roxellana have been analyzed in both captive
(Huang et al. 2017) and free-ranging all-male groups (Lv et al.
2007; Fang et al. 2018). The pattern of same-sex mounts in
male R. roxellana is typically hindquarter presentation and
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ventrodorsal mounting, commonly accompanied by pelvic
thrusting and penile erections (by either of the participants),
although intromissions and ejaculations occur occasionally
(Fang et al. 2018). In a free-ranging all-male band, juveniles
mounted each other in affiliative contexts (e.g., during play)
and nearly half of (47.62%) mounting cases were accompa-
nied by allogrooming (Lv et al. 2007). Generally, it was the
mounter who initiated and groomed the mountee after the
mounting interaction (Fang G., pers. commun.; Fang et al.
2018). Besides single mounts, series mounts (2 or more in suc-
cession) are also common among juveniles and can be recip-
rocated or nonreciprocated (Huang et al. 2023). At the end of
a mount, the mounting participants may engage in PMG but
huddling is also observed (Huang et al. 2017).

We previously provided evidence that same-sex mounting
behaviors provide male juvenile captive R. roxellana oppor-
tunities to practice copulatory skills, supporting the needing-
to-learn hypothesis (Huang et al. 2023). Given that, juvenile
mounters benefit from same-sex mounts by learning cop-
ulatory skills at the expense of mountees because the latter
provide valuable learning opportunities without gaining an
obvious benefit. We also found evidence that, compared with
the mounting dyads of other age groups, the mounter is more
likely to initiate PMG in juveniles’ mounting interactions
(Huang et al. 2023), indicating that the same-sex mounting
strategy adopted by male juveniles may be associated with the
grooming exchange strategy in this species.

To more fully understand the relationship between same-
sex mounting behavior and PMG, here we examine the behav-
ioral pattern and the partner choice of PMG among juveniles
in a captive group of R. roxellana at the Shanghai Wild
Animal Park, China. In accordance with biological market
theory, we hypothesize that male juveniles act as the moun-
tee to receive grooming from the peer mounter (Table 1). We
predict that: 1) The mountee is more likely to receive PMG
when he solicits before the mount than when he does not.
In light of the needing-to-learn hypothesis, juvenile mounters
learn copulatory skills through mounting interactions (Huang
et al. 2023). We thus predict that: 2) when a mountee allows
the mounter to mount longer, he is more likely to receive
PMG. After the mounting ends, we also predict that: 3) The
mounter is more likely to initiate PMG than the mountee. At
the dyadic level, we examine the partner choice of the moun-
tee on a long-term and a short-term basis, respectively. We
predict that: 4a) The more frequently the mountee receives
PMG from a partner, the more often he chooses him as his
mounter; and 4b) Whether the mounter grooms the mountee
predicts the mounting direction of their subsequent mount.
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That is, if juvenile A mounts juvenile B without grooming B,
the likelihood of B mounting A is larger than that of A mount-
ing B in their subsequent mount. Although A mounts B and
then grooms B, the likelihood of B mounting A equals that
of A mounting B in their subsequent mount. Finally, we test
the mounting partner choice of the mountee at the individual
level and predict that: 5) At the individual level, a juvenile
mountee prefers males who groom him longer than others as
his frequent mounting partner.

Materials and Methods

Study site and study group

We studied 2 units in a captive social group of golden snub-
nosed monkeys in Shanghai Wild Animal Park, Shanghai,
China (31°3’13” N, 121°42’51” E). Fifteen subjects formed an
OMU (N =7) and an AMU (N = 7-8). Each individual was
recognizable by the pelage color, body size, and other phys-
ical characteristics. All of them were well habituated to the
presence of the observer. We conducted the observations in
the exhibition area, which was an open grassy land (approxi-
mately 900 m?) bordered by a semicircle rockery. There were
2 pavilions and a few dwarf artificial stones in this area, pro-
viding excellent visibility for observations. The details of the
captive setting and care conditions have been presented by
Huang et al. (2017).

We distinguished individual age classes based on Zhang
et al. (2006) in which males aged 1-4 years old are juveniles.
Before April 2015, there were 14 individuals in the exhibi-
tion area. An adult male (i.e., 971, see Supplementary Table
S1) was released and joined the AMU on April 9th. In addi-
tion, although they were in the same enclosure, the OMU
and the AMU in our study group always had their respec-
tive within-unit dominance hierarchy. The juveniles of the
OMU frequently interacted with the AMU individuals, but
other than this, there were no other affiliative interactions and
only occasional aggression between adults and/or subadults
of the 2 units. We thus tested our hypothesis on the 4 AMU
juveniles and the one juvenile male from the OMU (N = 5).
Supplementary Table S1 gives detailed information on each
individual and the composition of 2 units in the study group.

Behavioral observation

Data were collected from November 2014 to June 2015 and
a total of 108 days (786.5 contact-hours) of observation were
completed. The behavioral data collected were composed of
3 parts. First, we used the all-occurrence recording method
to document same-sex mounts and contextual information

Table 1. Summary of the predictions examined to test our hypothesis, that is, male juveniles act as the mountee to receive grooming (PMG) from the
peer mounter, in the AMU juveniles and the male juvenile of the one-male unit of golden snub-nosed monkeys (R. roxellana) at Shanghai Wild Animal

Park, Shanghai, China.

Predictions Result
1) The mountee is more likely to receive PMG when he solicits before the mount than when he does not; Supported
2) In light of the needing-to-learn hypothesis, when a mountee allows the mounter to mount longer, he is more Supported
likely to receive PMG;
3) The mounter is more likely to initiate PMG than the mountee; Supported
4a) The more frequently the mountee receives PMG from a partner, the more often he chooses him as his mounter; Supported
4b) Whether the mounter grooms the mountee predicts the mounting direction of their subsequent mount; Partially supported

5) A juvenile mountee prefers males who groom him longer than others as his frequent mounting partner.

Not supported
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(Martin and Bateson 2012), including whether the would-be
mountee performed hindquarter presentation (i.e., mounting
solicitation) or not, the participants, mounting duration, any
post-mounting behaviors (i.e., huddling and/or grooming)
and the duration. The duration of behaviors was identified
by a stopwatch (seconds). Second, to assess dominance ranks,
we recorded the whole foraging process using a SONY DCR-
SX60E DV when the monkeys were provisioned. When we
processed the videos after an observational day, we noted and
counted displacement behaviors among juveniles using the
all-occurrence recording method. Third, to evaluate dyadic
proximity-based association levels among juveniles, we also
scanned each juvenile at a 25-min interval during the day-
time and recorded the activity, behavioral partner/s, and the
neighbor/s within 1 m from January to June 2015 (Zhang
etal. 2012).

In male golden snub-nosed monkeys, same-sex mounting
behaviors of juveniles occurred in 3 social contexts, that is,
peace, play, and tense. In the peaceful context, the atmos-
phere of the whole group was calm. The playful social context
was determined when 2 or more juveniles were involved in
play movements, such as chasing, grabbing, or mock fight-
ing. A tense social context occurred when an AMU individ-
ual approached or glared at a juvenile, and in most cases,
the latter then screamed and presented their hindquarters.
Juveniles also sometimes screamed, crouched, and solicited
mounting when extreme aggression occurred or when an
adult was displaying, which was considered a tense context
as well. A would-be mountee may or may not show this
pre-mounting solicitation. When there was no solicitation,
the mounter directly approached the mountee and placed its
hand on the mountee’s waist to start the mount. A mounting
event was deemed terminated after the mounter dismounted
from the mountee and no more mounting occurred, which
could be immediately followed by huddling and/or grooming
(if any). If the participants first huddled for a while at the
end of a mount and then started grooming, we still regarded
the grooming event as PMG. PMG cases could be unidirec-
tional or bidirectional and initiated by either of the mounting
participants.

The introduction of the new adult male (i.e., 971) in April
2015 led to changes in the social relationships among the AMU
members (Huang et al. 2018). Therefore, we evaluated the
dominance relationship and dyadic proximity-based associa-
tion levels among juveniles before and after the demographic
change. A total of 1,242 displacements among juveniles were
recorded during our study period with 858 occurring before
the demographic change and 384 noted after. We obtained
juvenile social rankings for each time period represented by
normalized David’s score (NDS) using the DS function of the
“EloRating” package in R 4.1.2 (Neumann and Kulik 2020;
R Core Team 2021). In addition, we calculated frequencies of
co-occurrence between 2 juveniles as their proximity-based
association levels before (January to March 2015) and after
the demographic change (April-June 2015). As there was no
distinct rank reversal from November 2014 to March 2015
(see Figure 1 in Huang et al. 2017), we considered the dyadic
association levels during this period to be equivalent to those
from January to March 2015.

Statistical analysis

To test Predictions 1 and 2, we built a generalized linear mixed
model (GLMM) with binomial errors and logit link for all
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same-sex mounting cases and examined whether the perfor-
mance of a mounting solicitation and the mounting duration
predicted the likelihood of the mounter initiating PMG. The
response variable was whether or not the mounter initiated
PMG. Whether the mountee had performed a solicitation and
the mounter’s mounting duration were set as the explanatory
variables. The social context in which the mount occurred
and the dyadic association level were control variables. These
control variables were included in the models to rule out their
potential effects on the relationship between explanatory var-
iables and the response variable (Becker 2005). When assess-
ing whether the mounter was more likely to initiate PMG
than the mountee (Prediction 3), we ran another GLMM with
binomial errors and a logit link for the same-sex mounting
cases with a following PMG without fixed effects included.
The mounting dyad ID, the mounter ID, and the mountee ID
were set as random factors in these 2 models.

During our 8-month study period, we defined each month
as a time frame and examined potential long-term contingency
through testing the partner choice of a juvenile mountee. We
established a GLMM with Poisson distribution and log link
to test Prediction 4a, that is, there was a positive across-dyad
correlation between the monthly probability of a mountee
receiving PMG and his preference for this mounter. For each
dyad, we used a monthly count of a mountee being mounted
to quantify the intensity of the mountee’s partner preference,
which was entered as the response in the model. The fre-
quency of the mountee receiving PMG in each month, that
is, the number of times the mountee was groomed divided by
the total number of times the mountee was mounted by this
mounter, was included as the explanatory variable. Dyadic
association level and the rank difference (i.e., the NDS differ-
ence between the mounter and the mountee) were included
as control variables. Random factors included in this GLMM
were the mounting dyad ID, the mounter ID, the mountee ID,
and the sampling month.

We tested for short-term contingency by examining the
immediate effect of the occurrence of PMG between 2 partic-
ipants on the mounting direction of their subsequent mount
in a sampling day (Prediction 4b). For 2 specific juveniles, we
screened their mounting interactions to see if they performed
at least twice within a sampling day and if so, included these
data. When building the GLMM with binomial errors and
logit link, whether the mount was a single mount or one of
the series mounts, whether the mounter had groomed the
mountee, and the interaction of the 2 variables were set as
predictors. Whether the mountee mounted the mounter in
their subsequent mount was set as the response. The dyadic
association level and the absolute rank difference between the
participants were entered as control variables and the random
factors were the mounting dyad ID, the mounter ID, and the
mountee ID.

At the individual level, we predicted that a mountee pre-
ferred to choose as his mounting partner those who invested
in longer grooming duration than other potential partners
(Prediction 5). We applied the monthly frequency of a juve-
nile being mounted to quantify the extent to which this juve-
nile preferred this peer as his mounter. This frequency was
calculated by the number of mounts where the juvenile was
mounted by this peer divided by the total number of mounts
the juvenile received from all peers in a month. We built the
last GLMM with a beta distribution to account for this pro-
portional response variable. The explanatory variable was the
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Figure 1. During our study period, the distribution of mounting frequency across all mounting dyads from the 4 juveniles of the all-male unit and the
juvenile of the one-male unit of golden snub-nosed monkeys (R. roxellana) at Shanghai Wild Animal Park, Shanghai, China. For a specific dyad ‘A&B’
indicated on the y axis, the upper bar represents the mounting frequency where A mounts B and the lower bar represents the mounting frequency
where B mounts A. The shaded part in each bar shows the frequency of mounts which is accompanied by PMG initiated by the mounter.

difference in the amount of grooming (in seconds) invested by
this mounter and the mountee. In the PMG cases where the
mountee groomed the mounter, the mounter’s investment in
grooming was negative. Again, the dyadic association level
and the rank difference were set as the control variables. The
random factors in this model were the mounting dyad ID, the
mountee ID, and the sampling month.

Data processing was carried out in the statistical environ-
ment R 4.1.2 (R Core Team 2021). We used the “ImerTest”
package to analyze GLMMs with a binomial/Poisson dis-
tribution and ‘glmmTMB’ package for the beta-distributed
model (Brooks et al. 2017; Kuznetsova et al. 2017).
Residual diagnostics were performed with the ‘DHARMa’
package which assesses model fit using a simulation-based
approach. All models were checked for dispersion and outli-
ers by carrying out the tests with the testResiduals function
(Hartig 2022). It turned out that all models were not over-
dispersed (P > 0.272). No outliers were detected (P > 0.204)
except for the model for testing Prediction 5 (P =0.009)
(Supplementary Figures S1 and S2). We did not remove
the outliers or alter the model structure as we believe the
outliers represent the existing variation and should not be
removed from our dataset. A likelihood ratio test was sub-
sequently performed for each model to compare the differ-
ence between the model and the respective control model
(only control variables included) with the ANOVA func-
tion. In addition, the difference in the mounting duration
between the 2 groups was detected with a Student’s #-test.
The binomial test was used to check whether the frequency
distribution of the variable corresponded to an expected
distribution. The graphics were constructed using “ggplot2”
and “reshape2” packages (Wickham 2007, 2016). All tests
were 2-tailed and the significance level was 0.035.

Results

During the study period, a total of 1,044 same-sex mounts
were recorded from the 5 juveniles, of which 706 were sin-
gle mounts and 338 occurred within 160 bouts of series
mounts. The mounting frequencies of different juveniles’
pairs varied a lot, with a notable bias observed in a pair
(individuals 115 and 113) (Figure 1). Nearly half of the
mounting cases were accompanied by PMG initiated by the
mounter (45.40%, 474/1,044) (Figure 1). Only 39 mount-
ing cases (3.74%) were followed by PMG initiated by the
mountee and no PMG occurred in the others (50.86%,
531/1044).

Predictions 1 and 2

We assumed that the mountee was more likely to receive
PMG when he solicited before the mount than when he
did not (Prediction 1), or when he allowed the mounter to
mount longer (Prediction 2). In support of both predictions,
the results of the model including all same-sex mounting
cases revealed that the mounter was more likely to initiate
PMG when the mountee had solicited than when he had not
(Estimate = SE=0.55 £ 0.19, Z=2.90, P=0.004) (Table
2) (Figure 2a). The longer a mount was, the more likely
the mountee received PMG (Estimate = SE = 0.08 = 0.02,
Z =3.76, P <0.001), too. Specifically, the mounting dura-
tion was 7.16 = 3.68 s (M = SD, N =474) when the moun-
tee received PMG and it was significantly but slightly shorter
(M =SD =6.39+3.48s, N=3570) in other mounting cases
(¢-test: t = -3.43, P < 0.001) (Figure 2b). Besides, the mountee
was more likely to receive PMG when the mount occurred
in non-tense than tense social contexts (playful vs. tense,
estimate = SE =0.84 = 0.18, Z=4.81, P <0.001; peaceful
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Table 2. The response variable and statistics of the respective explanatory variable for each GLMM (control variables not included) testing the

predictions in this study.

Predictions The response variable The explanatory variable Estimate SE Z P

1) Whether the mountee receives Whether the would-be mountee 0.55 0.19 2.90 0.004**
PMG solicits

2) The mounter’s mounting duration 0.08 0.02 3.76 <0.001***

3) The mounter or the mountee  (Intercept) 2.56 0.50 5.12 <0.0071***
initiates PMG

4a) The count of the mounts the ~ The frequency of PMG the mountee 0.60 0.18 3.35 <0.001%**
mountee receives receives

4b) Whether the mountee mounts  Series mount or not x The mountee -1.52 0.46 -3.31 <0.001%**
back next time received PMG or not

5) The frequency of the mountee The difference in the participants’ 0.00 0.00 0.92 0.358
being mounted grooming investment

Note: Multiplication sign (x) represents the interaction between 2 variables.
a) b) *k%

400~

300-

200~

100~

Number of same-sex mounts

0= . 7
Without a solicitation With a solicitation

When the mounter initiates PMG

Logarithm of mounting duration
N N

. When the mounter does not initiate PMG

Figure 2. For the 4 juveniles of the all-male unit and the juvenile of the one-male unit of golden snub-nosed monkeys (R. roxellana) at Shanghai Wild
Animal Park, Shanghai, China, (A) the number of same-sex mounts in relation to whether or not the mountee performed a mounting solicitation; (B) the
comparison of logarithms of same-sex mounting durations between the cases where the mounter initiates PMG or not. Student's t-test is indicated by

***P < 0.001.

vs. tense, estimate + SE =0.57 +0.22, Z=2.60, P =0.009),
whereas the dyadic association level exerted little to no effect
(Estimate = SE = -1.05 = 1.04, Z=-1.00, P=0.315). This
model significantly differed from the respective control model
(ANOVA: > =25.72, P < 0.001).

Prediction 3

Among the 513 same-sex mounts with PMG, the mounter
was more likely to initiate PMG than the mountee
(Estimate = SE =2.56 = 0.50, Z = 5.12, P < 0.001). Prediction
3 was thus strongly supported.

Predictions 4a-b

Based on Prediction 4a, the more frequently a mountee
receives PMG from a partner, the more often he chooses

him as his mounter. In favor of this prediction, the results
indicated that, for a specific mounting dyad in a sampling
month, the frequency of the mountee receiving PMG signifi-
cantly predicted the total count of their mounting interactions
(estimate = SE = 0.60 = 0.18, Z = 3.35, P <0.001) (Table 2,
Figure 3). One of the control variables, the dyadic associa-
tion level, also explained the variation in how frequently their
mounting interactions occurred (estimate = SE = 2.44 + 0.88,
Z =2.77, P =0.006), whereas the rank difference did not
(estimate = SE =-0.11 £ 0.10, Z=-1.04, P =0.296). This
model showed a significant difference from its control model
(x*=11.17,P < 0.001).

After removing the same-sex mounts of a specific dyad
that occurred only once in a sampling day, there were
804 mounting interactions included in the analysis testing
Prediction 4b, that is, whether the mounter grooming the
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° Z=3.35P<0.001
60+ °

40~

20- ° ®

The number of same-sex mounts he receives

0.00 0.25 0.50 0.75 1.00
The frequency of the mountee being groomed

Figure 3. For a specific mounting dyad among the 5 juvenile golden
snub-nosed monkeys (Rhinopithecus roxellana) at Shanghai Wild Animal
Park, Shanghai, China, the frequency of the mountee receiving PMG
significantly predicts the number of same-sex mounts he receives

in a sampling month (Z = 3.35, P < 0.001). Each data point is semi-
transparent. The transparency value of the data points is accumulated
when they are overlapped, making them appear darker. The line is fitted
on the raw data with a linear model and the shaded areas represent 95%
confidence intervals.

mountee predicts the mounting direction of their subse-
quent mount. Model statistics revealed that the interaction
between whether the mounter had groomed the mountee
and whether the mount was a single mount or one of the
series mounts significantly predicted the mounting direc-
tion of their next mount (estimate = SE = -1.52 + 0.46,
Z =-3.31,P < 0.001) (Table 2). We thus divided the dataset
by whether the mount was single or not and ran 2 separate
models. The results showed that when 2 juveniles performed
a single mount, whether the mounter groomed the moun-
tee did not predict the direction of their subsequent mount
(estimate = SE = -0.44 = 0.31, Z=-1.44, P =0.151).
Nevertheless, this was not the case when the mount was
one of the series mounts (Estimate = SE =-1.76 = 0.37,
Z =-4.74, P <0.001). Specifically, if the mounter had
not groomed the mountee, the mountee was more likely
to mount back in their subsequent mount (binomial test:
P < 0.001). Although the mounter had groomed the moun-
tee, there was no difference in the mounting direction of
their subsequent mount (Binomial test: P = 0.349). In these
models, neither the association level nor the absolute rank
difference of a dyad predicted the response variables (data
not shown). Therefore, Prediction 4b was only supported
when the juveniles engaged in series mounts but not when
they performed single mounts.

Prediction 5

At the individual level, we predicted that a juvenile moun-
tee preferred males who groomed him longer than others
as his frequent mounting partner. However, among the 513
PMG cases (79.92% unidirectional and 20.08% bidirec-
tional), there was no evidence revealing that the difference
in the participants’ grooming investments correlated with
how frequently a mountee was mounted by a partner (esti-
mate = SE = 0.00 = 0.00, Z =0.92, P = 0.358) (Table 2). This
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model did not significantly differ from its control model,
either (2 =0.85, P = 0.356).

Discussion

As an affiliative behavior, grooming can also directly benefit
the recipients in ectoparasite removal (Hutchins and Barash
1976; Henzi and Barrett 1999). Our results supported the
hypothesis that juvenile male R. roxellana acted as the moun-
tee to receive grooming from their peer mounters in same-
sex mounting interactions (Table 1). Specifically, the mountee
was more likely to receive PMG when he had performed a
pre-mounting solicitation than when he had not. The longer
he allowed the mounter to mount, the more likely he received
PMG. At the end of a mount, the mounter, rather than the
mountee, was more likely to initiate PMG. We also found evi-
dence of both short-term and long-term contingencies in the
grooming-mounting interchanges of the juveniles, although
the short-term contingency effect was only detected when
they performed series mounts but not in their single mounts.
In particular, a juvenile mountee preferred a partner who
groomed him more often than others after a mount. Overall,
our data indicate that, in the context of same-sex mounts, the
interchange of being mounted for grooming and the partner
choice of the mountee are subject to a “market effect” in our
study species.

In R. roxellana, all-male groups provide juveniles with a
transitional social environment for the development of sur-
vival and social skills required in their future life (Yao et al.
2011; Su 2014). Practicing mating behaviors can be impor-
tant for young males in AMUs because in the free-ranging
groups, extra-unit copulations (i.e., females in OMUs mat-
ing with neighboring resident males or AMU individuals) are
quite common (Qi et al. 2020; Xiang et al. 2022). Therefore,
if they are skilled in the physical behaviors of mounting and
pelvic thrusting before sexual maturity, they will be prepared
to engage in these opportunities when they present them-
selves. In wild bands, there is evidence that young adults in
AMUs can sire infants through extra-unit copulations before
they form an OMU of their own (Qi et al. 2020). It is thus
expected that juveniles acquire adult-like mounting skills in
the all-male band and that their mounting behavioral patterns
gradually develop during the period while they are reaching
maturation. Our previous work on the same study group pro-
vided evidence supporting this argument (Huang et al. 2023),
indicating that same-sex mounting opportunities represent a
valuable resource for juveniles to practice mating skills. The
current study further demonstrates that mounters who devote
grooming to their mountees, enhance their mounting partner-
ships and increase their probability of being allowed to access
and mount the partner in their future social interactions.

The partner-choice model posits that the likelihood of pro-
viding a service depends more on the overall history of pre-
vious interactions between partners, rather than their most
recent interactions (Noé 2006b; Schino and Aureli 2009,
2010). Compared with long-term contingency, short-term
contingency should thus be less common and can only be
expected in partners who rarely interact (Schino and Aureli
2009, 2010). For example, in female Japanese macaques,
receiving grooming from a partner did not increase the short-
term probability of supporting them when the latter was
involved in overt aggression, and being supported by the
partner during aggression did not increase the short-term



46

probability of grooming them, either. However, there was a
strong positive across-dyad correlation between the 2 behav-
iors over the whole year of observation (Schino et al. 2007).
Our analyses add more supportive evidence to this argument.
Of the 2 mechanisms that potentially underlie the exchange of
grooming and mounting opportunities, partner choice of this
trading-based strategy in male juvenile R. roxellana is more of
a long-term rather than a short-term contingency. Specifically,
the short-term contingency observed among juveniles in this
study is likely due to the immediately reciprocal characteristic
specific to their series mounts (Fang et al. 2018; Huang et al.
2023), but fulfills the criteria of reciprocal exchange in within-
day and dyadic short-term analyses (de Waal 1997; Gilby
et al. 2010). However, our sampled juveniles performed single
same-sex mounts in most cases (67.62%, 706/1,044), which
could not be explained by the short-term contingency effect.
The results of the long-term contingency effect were based on
the monthly aggregate data across the study period (Schino
and Aureli 2010, 2017), indicating that juveniles were offer-
ing mounting opportunities to receive grooming on a longer-
term basis.

The biological market theory posits that individuals com-
pare how much different partners have to offer to make their
decision on who to cooperate with (Noé and Hammerstein
1994, 1995). The attractiveness of an individual as a part-
ner is largely dependent on the relative value of the services
that they can provide or trade (Fruteau et al. 2009; Schino
and Aureli 2009, 2017). For instance, during grooming/
infant-handling interchanges, female olive baboons (Papio
anubis) groomed mothers longer when they were with the
infant than when they were not in an attempt to gain access
to the infant. This pattern was independent of the maternal
kinship between the female and the mother (Frank and Silk
2009). However, in our study, no evidence was detected in
favor of Prediction 5 that the more grooming the mounter
invested in the mountee, the more preferred this partner was
by the mountee juvenile. One potential reason may be the dif-
ferences that exist in our between-individual comparison rel-
ative to the between-group comparison of the baboon study
(i.e., females without an infant vs. females with an infant).
The other reason may be the specific feature of the commod-
ity (i.e., mounting opportunity) in this grooming market. In
the markets where females groom mothers for access to their
infants, the commodities traded are competitive and can only
be offered by mothers. In contrast, a mounting opportunity
for juveniles in the AMU is less scarce, as it can be offered and
is required by any of the juveniles. That is to say, a juvenile
who has provided mounting opportunities for his partners
also needs these partners as his potential mountees in their
future social interactions. The relatively high availability of
mounting opportunities may result in males lack of concern
about whether or not they will receive more grooming from
their preferred partners than that from others.

Our results illustrate that juvenile male R. roxellana act as
the mountee in same-sex mounts to receive grooming from
the mounter on a long-term basis. The formation of this coop-
erative relationship during same-sex mounting episodes may
benefit from the long-term and relatively stable existence of
the all-male band in the multilevel society of R. roxellana
(Qi et al. 2014; Su 2014). In this polygynous species, after
joining the all-male band, the male juveniles may stay until
reaching adulthood and leave when they become sexually
mature if they can successfully form breeding units and join
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the breeding band (Yao et al. 2011). The deposed resident
males who have been rejected from the breeding units and
those who temporarily have no reproductive opportunities
also join the all-male band, seeking and waiting for further
mating chances (Zhang et al. 2008; Qi et al. 2020; Xiang
et al. 2022). In addition, the all-male band maintains close
spatial association and coordinates their movement patterns
with the breeding band (Qi et al. 2014). However, adult and
subadult females rarely join the all-male band and affiliate
with bachelor males. This maintains the stability and integrity
of the all-male band to some extent as once observed by the
resident male, the all-male band will be attacked and chased
away (Xiang et al. 2022). We suggest that these species-
specific characteristics may provide conditions for the devel-
opment of the mounting—grooming interchange behavioral
trait among juveniles in the all-male band, which further con-
tributes to the evolutionary benefits of same-sex mounting
behaviors. Detailed studies on same-sex mounts are needed
in other primate species that have all-male groups or form a
multilevel society to confirm if these conditions favor mount-
ing-grooming interchange.

To the best of our knowledge, the relationship between
same-sex mounts and the presence of PMG has been rarely
reported in nonhuman primates (but see Sommer et al. 2006;
Faraut et al. 2015). The cooperative relationship we report
among juvenile males during their same-sex mounting inter-
actions has not been reported before in the literature. There
are limitations to our study in which we had a small sample
size of individuals and in the closed captive setting. Our focal
monkeys may have different time budgets relative to wild
individuals. They may have been able to spend more time
socializing and less time feeding and thus were unconstrained
in exhibiting behaviors that may be relatively infrequent in
wild (cf. Fang et al. 2018). The variations in mounting fre-
quencies exhibited by different pairs of juveniles in our
study group also underscore the necessity of considering the
non-negligible individual differences in performing same-sex
mounting behavior. In addition, the statistical power of our
analysis is constrained by the small sample size, which may
affect the robustness of our results and limit their generaliz-
ability to other R. roxellan populations or primate species.
There is also a possibility that the behavioral patterns of
same-sex mounting and the following grooming interactions
in R. roxellan are not clearly captured by our small study
group as subgroups formed in the wild/large all-male band
could not be adequately represented. We encourage a meas-
ured perspective on the results and emphasize the need for
future research in large wild/free-ranging groups to validate
and extend our observations.

Despite these limitations, the analyses presented in our
study are therefore an illustration of the possible coopera-
tive interchange that can develop between same-sex mounts
and the occurrence of PMG, which has not been previously
detected. Beyond that, more analyses on the relationship
between same-sex mounts and PMG, using long-term data
to monitor the dynamics of individual partner choice, may
further help to shed light on their biological significance in
future studies.
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