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Abstract

Age is a key factor affecting sexual selection, as many physical and social traits are age-related.

Although studies of primate mate choice often consider particular age-related traits, few consider

the collective effects of male age. We tested the hypothesis that female golden snub-nosed mon-

keys Rhinopithecus roxellana prefer prime aged males (10–15 years) over younger and older males.

We examined a habituated, provisioned troop during a 3-year study in the Qinling Mountains,

China. Prime age males were more likely to be resident males of 1-male units (OMUs) than males

of other ages. Since females are free to transfer between OMUs, the number of females per OMU

can be indicative of female preferences. We examined the number of females per OMU, and found

that it increased with resident male age up to 7–8 years, and declined after 12 years, such that prime

age resident males had more females than other resident males. Females also initiated extra-unit

copulations with high-ranking prime age males at significantly higher rates than with other males.

Nevertheless, females tended to transfer from OMUs with high-ranking, older resident males to

those with low-ranking, younger resident males. Thus, females appear to use different strategies

when choosing social mates and extra-unit mates (i.e., different social contexts). We speculate that

females may perceive early signs of aging in males and trade off the benefits and costs of high

rank versus male senescence. This study lays the groundwork for future studies that examine pos-

sible direct and indirect benefits of such strategies.
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In sexual selection theory, proposed by Darwin (1871), an individu-

al’s fitness is affected both by adaptations that increase its chances

of survival and by adaptations that increase its ability to obtain high

quality and/or high quantities of mates with whom to reproduce.

Darwin recognized 2 forms of sexual selection. One involves intra-

sexual selection in which same sex individuals compete with one an-

other for access to mates. The other is intersexual selection in which

members of 1 sex display a preference for particular characteristics

in the opposite sex that are associated with enhanced reproductive

performance and enhanced quantities or qualities in offspring.

Sexual conflict, which may take the form of coercion, in which 1 sex

gains access to mates by force or intimidation, has more recently

been classified as a third form of sexual selection (Smuts and Smuts

1993; Muller and Wrangham 2009). Sex differences in mating
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biases stems from tendencies for 1 sex (usually females) of most spe-

cies to invest more resources into each offspring than the other (usu-

ally males). These higher costs for females lead to a stronger

emphasis on intrasexual selection, that is, male–male competition,

among males for access to females and male coercion of females

(Lawler 2009; Reddy and Mitani 2020). They also lead to a stronger

emphasis on intersexual selection, that is, female choice, among

females for the highest quality males. Females’ choices may also be

influenced by competition with other females for mates or resources,

particularly resources associated with particular males (Baniel et al.

2018; Garcia-Berro et al. 2019).

Most research on female choice has focused on the effects of gen-

etic compatibility and/or single physical and behavioral characteris-

tics of males (Coltman et al. 2002; Kruuk et al. 2002; MacDougall-

Shackleton 2020; Stervander et al. 2020). Many such characteristics

have been identified that influence a male’s ability to gain access to

fertile females, including body size, rank, ornamentation, weapons,

social skills, and experience (Andersson 1994). Direct relationships

between such male traits and mating success are generally inter-

preted as evidence for sexual selection on male traits (Kervinen et al.

2016). Many of these traits are related to male age (Gasparini et al.

2019); thus, male age per se is likely to reflect the collective associa-

tions between 1 or more such traits and mating success to some ex-

tent. If so, cues of male age, including those not directly due to

declines in male’s physiological state or physical abilities, for ex-

ample, age-related changes in pelage color, may nevertheless provide

useful information to females about aspects of male quality.

However, the extent to which potential female mates use age-related

cues is often unclear. As an initial step to fill this gap for primate

species, we ask whether wild female golden snub-nosed monkeys

Rhinopithecus roxellana bias their choices of mates toward males of

particular ages.

Recent studies have found that some female mate preferences

may indeed be associated with male age. However, different species

may show different age-related preferences. Some studies report a

positive relationship between females choice and male age: for ex-

ample, yellowthroat birds Geothlypis trichas and black grouse

Lyrurus tetrix (Freeman-Gallant et al. 2010; Martin and Festa-

Bianchet 2011), others a negative relationship: soay sheep Ovis aries

(Hayward et al. 2015), others a nonlinear (inverted U) relationship:

lekking sandfly Lutzomyia longipalpis (Jones et al. 2000), and

others the absence of a relationship: bighorn sheep Ovis canadensis

(Martin and Festa-Bianchet 2011). Choices related to male age may

also differ depending on the social context. For example, some fe-

male song birds choose middle-aged males with territories as social

mates, but may also engage in extra-unit copulations with younger

males (Griffith et al. 2002; Gao et al. 2019).

Individual male mating success and rank in most vertebrates typ-

ically increase in early life, reach a maximum, and then decrease at

later ages (Jones et al. 2008; Nussey et al. 2013). This pattern also

exists in some other nonhuman primates (e.g., baboons: Silk et al.

2020), but it is unclear how much such prime aged primate males,

that is, fully mature middle-aged males that show no signs of senes-

cence, may be preferred over sub-adult, young adult, and aging

males by female conspecifics. Only a few primate studies have con-

sidered the effect of male age per se on female mate choice. For ex-

ample, in rhesus macaques Macaca mulatta, male reproductive

success appears to be associated with several factors including male

age, weight, and dominance rank as well as individual female prefer-

ences (Bercovitch and Nurnberg 1996; Berard 1999). In hamadryas

baboons Papio hamadryas hamadryas, tenure length in a 1-male

unit (OMU) is related to male age and is likely a primary factor

determining variation in a male’s lifetime reproductive success

(Pines et al. 2015). Finally, adult female gorillas often leave breeding

groups with old males to join groups led by younger males, because

younger males are likely to be of higher reproductive and protective

value (Baudouin et al. 2019). No study has examined this relation-

ship in golden snub-nosed monkeys.

Golden snub-nosed monkeys live in multilevel societies in which

the basic unit is the OMU (Qi et al. 2014). Each OMU contains a

single resident male, 1 or more adult and sub-adult females, and im-

mature offspring. Several associated OMUs form a cohesive breed-

ing band and several bands comprise a troop. In addition, all-male

units (AMUs), comprised of juvenile and bachelor males, follow the

breeding band (Grueter et al. 2017) and interact with males and

females. The species is a useful model for studying female preferen-

ces because females have an unusual degree of autonomy in mate

choice. Within the multilevel structure, female membership in par-

ticular OMUs changes constantly as females freely leave their resi-

dent male to join a new OMU. Takeovers of OMUs by other males

also occur frequently. Nevertheless, female preferences appear to

strongly influence whether the resident male is replaced by another

male (Fang et al. 2018) or whether the group becomes unstable and

fissions (Kirkpatrick and Grueter 2010). Thus, OMU membership

appears to be the outcome of a complicated process involving male–

male competition, female preferences (Zhang et al. 2006; Qi et al.

2009), and possibly female–female competition. Females typically

initiate matings both within the OMU and with other males outside

the OMU. Their resident males attempt to block AMU males from

access to the females in their unit, but often fail to prevent extra-unit

copulations. As such, females appear to be able to express their pref-

erences for both social mates and extra-unit mates by directly choos-

ing to mate with resident males, seeking extra-unit copulations,

joining other OMUs, or by deserting new resident males that have

recently taken over their OMU (Fang et al. 2018). However, it is un-

clear how much male age is associated with their preferences.

Rhinopithecus roxellana are seasonal breeders. Although they

mate all year round, matings reach a peak in autumn, and infants

are born in the spring. Females generally give birth every second

year (Zhao et al. 2008). Paternity analysis has shown that more than

half of the offspring (57–75%) examined are sired by extra-unit

males, that is, AMU members or resident males of OMUs other than

the one the female belongs to (Guo et al. 2010; unpublished data).

Both males and females display linear hierarchies (He et al. 2013)

and disperse from their natal OMUs. Males and females have been

observed to disperse between bands (Zhang et al. 2008; Li et al.

2021). However, only males have been observed dispersing to other

troops. Related females are found in the same OMU more than

expected by chance, and both related and unrelated females in dif-

ferent OMUs maintain affiliative relationships with one another

during periodic visits to each other’s OMUs (Zhang et al. 2006; Guo

et al. 2015; Ren et al. 2018). Males disperse from their natal OMUs

at about 4 years old and initially join an AMU. They are able to sire

offspring from the age of 5 or 6 years (our unpublished data) and at-

tempt to form their own OMU from 7 or 8 years by attracting

females or taking over the position of a resident male (Fang et al.

2018).

Here, we ask whether wild female golden snub-nosed monkeys

display preferences for males of a particular age. We test the hypoth-

esis that females display preferences for prime age males, given 1)

that individual male mating success among some nonhuman pri-

mates peaks in prime aged males and 2) the likelihood that age-
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related changes in males provide useful cues to females about male

quality. We predict that 1) prime aged males are more likely to be

members of an OMU than an AMU. Although gaining and main-

taining an OMU is likely to involve male–male competition, evi-

dence from Fang et al. (2018) suggests that female preferences are

the main factor deciding whether a takeover attempt is successful.

Given the females are free to transfer from one OMU to another, we

predict that 2) prime aged resident males have more females in their

OMUs than resident males of other ages. We also predict that 3)

prime age males engage in more extra-unit copulations than males

of other ages, and 4) females that transfer between OMUs tend to

transfer to units with prime age resident males from units with resi-

dent males of other ages.

Materials and Methods

Study site and subjects
Our research site was in the Dapingyu (DPY) region of the

Guanyinshan National Nature Reserve (GNNR) in the Qinling

Mountains, China (107�520 –108�020E, 33�200 –33�440N). The re-

serve has a semi-humid montane climate with an altitude from

1,150 to 2,574 m. Vegetation structure varies with altitude; it is

dominated by deciduous broadleaf forest under 1,500 m, coniferous

and deciduous broadleaf mixed forest between 1,500 and 2,200 m,

and coniferous forest above 2,300 m (Wang et al. 2020).

The study troop, DPY, has been habituated and observed since

2009. During our study, there was a single AMU and a variable

number (6–9) of OMUs within 2 bands (see details in the “Results”

section).

Over the course of the study, the troop consisted of 70–95 indi-

viduals with 9–17 adult males (7þ years), 19–34 adult females (5þ
years), 10–14 sub-adults (3–4 females: 4–5 years, 6–11 males: 4–

6 years), 19–21 juveniles (1–3 years), and 11–13 infants (<1 year).

All individuals except infants were identifiable from individual facial

characteristics, scars, or evidence of previous injuries, etc. All adult

females (n¼34) and all sub-adult and adult males (n¼28) were

subjects of this study.

Data collection
This study was initiated in March 2018 and continued through

December 2020. We tracked the troop at least 7 months every year

from March to June (birth season), July to August, and September

to December (mating season). Because the terrain in the troop’s

home range consisted largely of rocky cliffs, we scattered apples and

corn daily in a valley to attract the monkeys and allow observation.

There were 2 periods of provisioning per day (started at 09:30 am

and 15:00 pm, respectively). Each provisioning period lasted about

30–50 min, for a total of 376 days (620 h). Evidence suggests that

provisioning does not affect their intake of natural food (Guo et al.

2010). The monkeys moved freely in the provisioning area: females

and resident males generally remained in the provisioning area all

day, whereas some AMU males spent only part of the day in the

area (time was recorded). The monkeys were well habituated to ob-

servation, displaying tolerance as we moved through the troop col-

lecting data. Provisioning and the presence of observers no doubt

influenced some aspects of their social behavior. Staying in the pro-

visioning area probably increased opportunities for females to ex-

press their preferences, because it increased the number of males

they could access, but we have no reason to think it influenced

which males were preferred.

We used all-occurrence sampling to record all mating behaviors

involving males and agonistic interactions between resident males

(used to determine ranks between resident males) beginning at

09:00 h and ending between 17:00 and 18:00 h on checksheets. We

also used all occurrences sampling to keep track of individuals come

and went from the provisioning area. We recorded behavioral data

before, during, and after provisioning until the monkeys left the pro-

visioning area usually between 17:00 and 18:00 h (3008 h).

Copulations were defined as episodes of mounting with intromis-

sion and pelvic thrusting, all of which were initiated by female solici-

tation. Individuals engaging in extra-unit copulation could be

identified accurately and quickly. Agonistic interaction between

males occurred mainly during periods of provisioning. Definitions

of each type of aggression and submission followed Li et al. (2006).

Aggressive interactions included contact aggression (biting, kicking,

or hitting), chasing, and threatening, or counter-aggression.

Submissive behavior included being displaced or retreating without

contest. We determined a clear winner only if 1 male (the loser) fled

along with the members of his unit from the other male (the winner).

Otherwise, the outcome was considered a tie (Zhao and Tan 2011).

Male age estimation
Because it is difficult to determine the age of wild snub-nosed mon-

keys based on skull growth and healing, we used males (juveniles-

adults) of known ages (36% or 69.2%) in the troop as a guide to es-

timate several unknown age males. In addition, we relied on criteria

developed for captive golden snub-nosed monkeys (Liang et al.

2001). Like researchers of other wild primates, we concentrated on

changes in dentition, skin, and pelage (e.g., Hill et al. 2001; Muller

et al. 2006). We used the following criteria: canines and granulomas

on both sides of their upper lip appear at about 5 years of age and

align after 6.5 years of age. At the same time, long guard hairs begin

to grow on the back, and males display substantial tooth growth.

After 7.5 years, canines are thick, granulomas are full, and molting

begins. The length of aciculum (long golden hair) on the dorsal side

of the waist and the body size increases until 9. The incisors gradual-

ly wear down after the age of 11 years. Faces of young males are

clear and light in color, but wrinkles develop about 12 years old.

Wrinkles and blue skin around the eyes intensify with age. Teeth

darken and wear more severely with time, and cavities become more

numerous. The canine teeth began to wear down and fall out after

the age of 16 years. The color of the coat darkens with age; older

males have more reddish-brown on their crowns, more golden hair

on their dorsum, and looser skin. The granulomas of older males

shrink, and the ages of their offspring within the unit tend to be

older, which can indirectly indicate a male’s age. The age distribu-

tion of unknown age males was not significantly different from

known age males (Fisher’s exact test, P¼0.740). Prime age males

were defined as 10–15 years. They were distinguished from old

males based on clear signs of senescence beginning at about 16 years

and from young adults based on body size increases until 9. Figure 1

shows examples of males of known ages.

Relatedness analyses
We collected hair samples from subjects by stepping gently on hair

from their tails and waiting until they moved away. DNA was

extracted from hair follicles following methods described by Allen et

al. (1998). We used the genotypes at 20 highly polymorphic micro-

satellite loci to estimate the pairwise relatedness coefficient. Because

the null alleles are pervasive in microsatellites (e.g., Kokita et al.
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2013) , we will use the corrections given by Huang et al.’s (2016) to

obtain reliable estimates. We first used Kalinowski and Taper’s

(2006) estimator to estimate the null allele frequency (results were

shown in Supplementary Table S1). We then evaluated the statistical

performance of various estimators for our dataset with 100,000

Monte-Carlo simulations, and the estimator with the least root

mean squared error (RMSE) in parent–offspring, full-sibs, half-sibs,

and non-relatives would be chosen (results were shown in

Supplementary Table S2). Although the RMSE of maximum-likeli-

hood estimators is generally smaller than the method-of-moment

estimators, they give a large proportion of zero estimates, which can

yield many ties in the subsequent comparisons. Therefore, we would

use the optimal method-of-moment estimator in the following anal-

yses and the novel estimator B developed by Huang et al.’s (2016)

was chosen. The null allele frequency estimation, Monte-Carlo

simulation to obtain the RMSE for various relatedness estimators,

and the pairwise relatedness estimations were performed in

POLYRELATEDNESS V1.11 (Huang et al. 2016).

Data analysis
To examine the age distributions of males in OMUs and the AMU,

and specifically to compare prime aged males to other age groups,

we determined whether each male subject was a member of an

OMU or the AMU at the end of the observation season each year.

We grouped males into 5 age groups of 3 years each (sub-adults: 4–

6 years, young adults: 7–9 years, middle or prime aged adults: 10–

12 and 13–15 years, and old males: 16þ years), and calculated the

percentage of males in each age group that belonged to OMUs ver-

sus the AMU. These groupings separate natural developmental

stages: males from 4–6 years are adolescents that can mate and

sometimes sire offspring, 7–9 year olds are considered young adults

but may not be full size, 10–12 year olds have reached full size and

strength, 13–15 year olds generally still appear powerful and

healthy, but 16þ year olds show signs of senescence (see above). We

used Fisher’s exact tests to compare the age distributions of males in

OMUs and AMUs separately during each year of the study.

To examine whether the number of females in an OMU was

related to the age of the resident male, we used a generalized linear

mixed model (GLMM, lmer package) in R 3.5.3 in which we

entered the number of females in each OMU in each year as the re-

sponse variable, resident male age (as a continuous variable) and age

squared (to test for the predicted curvilinear relationship) as fixed

effects, and resident male identity (ID) as a random factor. To con-

trol for possible effects of male rank, female relatedness, female–

male relatedness, and the recent reproductive performance of

females in the OMU, we added each male’s ordinal rank (see below),

the mean relatedness of females within the OMU, and the number

of infants and yearlings present within the OMU/per female, respect-

ively, as fixed effects. All variance inflation factor (VIF) values be-

tween fixed effects in this and subsequent GLMM analyses were less

than 5, suggesting an acceptable level of multicollinearity

(Akinwande et al. 2015). Exceptions were for age and age squared

which were closely related (VIF > 10) but both effects needed to be

retained in the model in order to test for the predicted curvilinear re-

lationship between number of females and male age.

To construct male ranks, we used Elo-rating (Neumann et al.

2011), specifically the “EloRating” package in R, to calculate the

ranks of resident males. Elo-rating is a method to measure an indi-

vidual’s competitive successes. It is based on sequential agonistic

interactions between individuals with a clear winners and losers

(Albers and de Vries 2001; Neumann et al. 2011). After each aggres-

sive (see above) interaction, the Elo-ratings of the 2 participants are

updated based on the results of interaction (winning, losing, or a tie)

(see details Albers and de Vries 2001). Thus, Elo-ratings can be

extracted at any point in time during a study. In this research, all the

males began with a rating of 1,000, and we allowed a burn in time

of 1 month after which the Elo-rating scores were converted to

Figure 1. Males of known ages. Panels A–F show males 2, 4, 7, 11, 14, and 18 years of age.
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ordinal ranks at various points in time. The rank of the original resi-

dent male when a female transferred out of his OMU and the rank

of the new resident male when the female joined a new OMU were

used in our analysis of transfer patterns. Ranks of all resident males

at the end of each observation season were used to examine the rela-

tionship between male rank and age. A GLMM, in which rank was

the response variable, male age was the fixed effects, and resident

male ID was a random factor revealed a strong, positive relationship

between rank and age (Age: estimate ¼ �0.19, z ¼ �5.1, P<0.001,

Figure 2).

To examine whether females were more likely to engage in

extra-unit copulations with prime age males than males of other

ages, we first established that there was no significant difference in

the male age distribution of extra-unit copulations during the mat-

ing season versus other months (Fisher’s exact test: P¼1). Thus, we

combined data on extra-unit copulations from the mating season

and from other months in a GLMM. Frequencies of extra-unit copu-

lations each year were entered for each male–female pair as the re-

sponse variable, offset by the amount of time the pair spent together

in the provisioning area, thus creating rates. Male age and male age

squared (to test for a predicted curvilinear relationship) were fixed

effects. We controlled for rank and female–male relatedness and

availability of extra-unit males by entering male rank and female–

male relatedness as additional fixed effects. The identities of the

males and females were random factors. Bachelor males in the AMU

were assigned the lowest rank.

Our sample of female transfers (n¼18) was too small for multi-

variate analysis; hence, we used Sign tests to analyze female transfer

patterns between OMUs by resident male age, male rank, and fe-

male relatedness. We first examined whether there were significant

tendencies to transfer to OMUs with prime aged males from those

with males of other ages or vice-versa. We also asked whether there

were significant tendencies for them to transfer from units with

younger to older males or vice versa, or from lower ranking males to

units with higher ranking males or vice-versa. For this analysis, we

looked at ranks of the original resident male when the female trans-

ferred out and the ranks of the new resident male when female

joined. We also asked whether females tended to transfer from

OMUs with more females to those with fewer females or vice-versa.

We asked whether there were significant tendencies for females to

transfer to OMUs with more closely related females than in their

original OMU by comparing each female’s mean degree relatedness

to the females in her original OMU to that in her new OMU.

Finally, we asked whether females tended to transfer to OMUs with

less closely related males than their original resident male.

Results

During the course of the study, we identified 16 OMUs. Seven of the

16 OMUs were present at the beginning of the study in March

2018. Thirteen adult subjects were resident males of the 16 OMUs

for varying amounts of time over the course of the study (see Figure

3 for details). Six of the 13 males also spent varying amounts of time

in the AMU. Four of the original 7 resident males retained their resi-

dency throughout the study period, 4 new OMUs formed, and 8

OMUs experienced takeovers. Three of the 8 takeovers occurred in

spring, 1 in summer, 3 in autumn, and 1 in winter. The remaining

male subjects were members of the AMU (11) or sub-adults (4) that

had not yet left their natal OMU. Fourteen females (12 adults and 2

sub-adults) transferred from one OMU to another (Figure 3), 7 old

females died, 5 adult males disappeared, and 2 adult males joined

the troop.

Male age distribution
The age distributions of males in OMUs and the AMU differed sig-

nificantly in each year of the study (Fisher’s exact test: 2018:

P<0.01; 2019: P<0.01; 2020: P<0.05, Figure 4). In each year,

the majority of 10–15 year old males (considered prime aged) were

in OMUs (2018: 5 out of 5 or 100%, 2019: 6 out of 7 or 85.7%,

2020: 5 out of 7 or 71.4%). The majority of males older than 15 or

younger than 10 were in the AMU (2018: 8 out of 9 or 88.9%,

2019: 9 out of 12 or 75%, 2020: 9 out of 13 or 69.2%).

Number of females in OMUs
There was a significant nonlinear association between the age of

resident male and the number of females in his OMU (Figure 5, age:

estimate ¼ 1.072, z¼2.074, P<0.05; age2: estimate ¼ �0.050, z ¼
�2.205, P<0.05). There were no significant associations between

number of females and male rank (estimate ¼ �0.084, z ¼ �1.055,

P¼0.291), mean relatedness of females (estimate ¼ �0.682, z ¼
�0.858, P¼0.391), female–male relatedness (estimate ¼ �0.534, z

¼ �0. 671, P¼0.602), or recent female reproductive performance

(estimate ¼ �0.002, z ¼ �0.055, P¼0.996). Numbers of females

increased with male age at first and then decreased. In general, 7-

year-old males had OMUs containing only 1 or 2 females. Numbers

of females reached a peak by the age about 12 years and then

declined. After about 15 years old, males lost females and re-entered

the AMU or lived alone. The results suggest that the age of 15 years

is a turning point in male life history with regard to retaining

females in an OMU.

Extra-unit copulation
We observed a total of 79 instances in which females solicited copu-

lation with extra-unit males (5 in 2018, 35 in 2019, and 39 in

2020). Our GLMM revealed significant associations between rates

of extra-unit copulations (frequencies per day the pair was together

in the provisioning area) and both male age (estimate ¼ 2.015,

z¼1.919, P<0.05) and age squared (estimate ¼ �0.421, z ¼
�2.763, P<0.01), suggesting a curvilinear relationship between

extra-unit copulations and male age (Figure 6). There was also a

positive association between rates of extra-unit copulations and

male rank (estimate ¼ �0.301, z ¼ �3.950, P<0.001). However,

Figure 2. Correlation of resident male age and rank. Linear model: y ¼
�0.755xþ12.658. Rank 1 represents the highest ranking male, rank 2 is the

second highest ranking male, etc. The figure is for illustrative purposes only

because some males are represented in more than 1 year.
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there was no significant relationship between rates and female–male

relatedness (estimate ¼ �0.673, z ¼ �0.768, P¼0.428). Most

extra-unit copulations were with resident males from other units

(n¼64% or 81.0%) rather than with bachelors from the AMU

(n¼15% or 19.0%). There was no significant difference in the age

distributions among these 2 kinds of males (Fisher’s exact test:

P¼1).

Female transfer
There were 18 cases (involving 14 females) in which females trans-

ferred from one OMU to another (Figure 3). In 12 cases, adult

females left their original OMU and formed an OMU with a bach-

elor male that had no other females (n¼5) or joined an established

OMU (n¼7). In 2 of the 12 cases, sub-adult females left their natal

unit to join a new unit. In all 12 of these cases, the resident male

retained the OMU after the female transferred. In the remaining 6

cases, adult females transferred to an established OMU after which

the original resident male was left with no females and returned to

the AMU. In no case, did we analyze transfers that occurred

Figure 3. Dynamics of OMUs and female transfer from 2018 to 2020. Capital letters on the left list the ID of the resident male at the beginning of the study or of a

newly formed OMU. , OMs existing at the beginning of the study; , newly formed OMUs; , takeovers; , the direction of takeover; , female immi-

grated to DPY; , female transfer between OMU; , male emigrated from the troop; , male returning to the AMU from an OMU; and in the pdf file

of this paper, the size of this symbol, along with the other sympbols, is too large, please reduce size of these symbols female died.

Figure 5. Number of females per OMU as a function of the age of the male.

Local polynomial regression: y ¼ �16.716þ3.704x � 0.159x2. The figure is

for illustrative purposes only since some males were represented in more

than 1 year.

Figure 4. Percentages of male subjects in each age class that belong to the

AMU or are resident males in an OMU. Box plots show medians, IQRs, and

ranges over the 3 years of the study. N(AMU) and N(OMU) are sample

sizes of males in the AMU and OMUs, respectively. The figure is for

illustrative purposes only, since some males were represented in more

than 1 year.

Figure 6. Rates of female extra-unit copulation as a function of the age of the

male. The figure is for illustrative purposes only since some males were rep-

resented in more than 1 year.
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immediately following a takeover. Thirteen (72%) transfers took

place during the birth season and 5 (28%) took place during the

mating season. In 15 of 17 cases in which females transferred from

one known resident male to another, they went from older to

younger resident males (Sign test: n¼17, x¼2, P<0.001). In 13

cases, they transferred from prime aged resident males to young resi-

dent adults (7–9 years) (Sign test: n¼17, x¼4, P<0.05). Notably,

in 9 of the 13 cases, females transferred from resident males that

were 13–15 years old, that is, resident males that were in the top

half of the age range that we designated as prime. In all 17 cases,

they transferred from higher ranking resident males to lower rank-

ing resident males (Sign test: n¼17, x¼0, P<0.001). This was not

surprising given that resident male rank was positively and linearly

correlated with male age; younger resident males were typically

lower in rank than older resident males (Figure 1). There was no sig-

nificant association tendency for females to transfer to OMUs with

fewer or more females than their original OMU (Sign test: n¼13,

x¼7, P¼1). Nor were there significant association between the

females’ mean degree of relatedness to other females in her original

OMU versus her new OMU (Sign test: n¼15, x¼6, ties ¼ 4,

P¼0.791) or between her relatedness to the male of her original

OMU versus her new OMU (Sign test: n¼15, x¼9, ties ¼ 2,

P¼0.607). Females were in a variety of reproductive states when

they transferred: 1 was pregnant, and 6 were with infants or un-

weaned yearlings (i.e., lactating). An additional 6 females were with

weaned offspring older than 2 years, and 5 had no offspring.

Whether females with weaned offspring or no offspring were cycling

or anestrous is not clear.

Discussion

The results of our study suggest that prime age males (10–15 years)

are more likely to be resident males in OMUs than older and

younger males, and that prime age males have more females in their

OMUs than younger and older males. Male rank, female related-

ness, and recent female reproductive performance do not apparently

affect the number of females in each OMU. Although it is sometimes

difficult to tease apart the effects of male–male competition and fe-

male mate choice if females prefer males with the highest competi-

tive ability, evidence suggests that females strongly influence the

outcomes of attempted takeovers of OMUs and often favor the

lower ranking of the 2 males (Fang et al. 2018). Moreover, females

are free to transfer between OMUs. Thus, these findings are consist-

ent with female preferences for prime age males as social partners

over those of other ages and ranks. In addition, females tend to initi-

ate extra-unit copulations disproportionately with high ranking

prime age males, most of which are resident males of different

OMUs. Given that females initiate extra-unit copulations, these

results suggest that females display also preferences for high ranking

prime aged extra-unit males. Since paternity analysis suggests that

males in OMUs sire a disproportionate number of offspring (Qi et

al. 2020), such preferences could potentially lead to increased mat-

ing success, and perhaps increased reproductive success, for high

ranking prime aged males compared with males of other ages

(Sutherland 1989; Clutton-Brock and Isvaran 2007; McCleery et al.

2008). Although direct evidence is not yet available, the possibility

that reproductive success may be higher in prime aged males than in

other males of this species is consistent with a general trend among

vertebrates for male mating and reproductive success to increase

with age until senescence sets in at which point it decreases

(Coltman et al. 2002; Hammers et al. 2012). On the other hand,

females appear to transfer primarily from high ranking prime aged

resident males to lower ranking younger resident males, suggesting

that different factors may influence female decisions to change

OMUs, particularly when their resident male reaches 13–15 years of

age. Below we discuss in more detail these apparently different pref-

erences that females display in different social contexts (i.e., when

choosing new social mates versus extra-unit mates).

Our results suggest that male golden snub-nosed monkeys begin

adulthood with few females, if any, but acquire females over time,

reaching a maximum number of females at about 12 years of age,

after which males tend to lose females (Figure 5). This pattern is

similar to other primate species with OMUs. For example, in

Thomas’ langurs and hamadryas baboons (Steenbeek 1999; Pines et

al. 2015), resident males acquire nearly all their females before they

are halfway into their tenure. It has been hypothesized that prime

aged males in species with OMUs are better at defending themselves

from competition from other males, because prime aged males are

both higher ranking and physically stronger than other males

(Mainguy and Côté 2007; Raveh et al. 2010). As such, it is thought

that prime aged males are also better able to protect females and

infants in their OMUs from outside males and other dangers.

However, once resident males reach about 13 years, males may lose

females and be less likely to acquire new females. This may due to

the fact that the physical condition of males gradually begins to de-

crease and is accompanied by a decline in their ability to protect

females from harassment from other males. Such a decline in physic-

al condition and ability of defend mates with age is likely to be exa-

cerbated and accelerated by the typically high rates of physical

injury that they incur from frequent male–male aggressive inter-

action, which is typical for highly polygamous species (Kirkwood

and Rose 1991; Ricklefs 1998; Kappeler and Schaik 2004). In add-

ition, given that 13–15-year-old resident males are very likely to be

replaced within a year or 2, females could conceivably benefit by

transferring from them to younger males if doing so lowers the risk

of infanticide, a common risk associated with takeovers in some spe-

cies with OMUs (Lukas and Huchard 2014). However, the risk of

infanticide appears to be very low in this population; so far no evi-

dence of infanticidal behavior has been found. Our findings that

most female transfers from prime aged males to younger males

involved males in the upper range (13–15 years) that we considered

prime age (10–15 years) suggest that, in spite of their high rank,

females may have perceived or anticipated cues of senescence earlier

than we suspected. In the case of golden snub-nosed monkeys,

females in OMUs led by males that are in upper range of what we

considered prime age may be in a position in which they must trade

off the benefits of rank versus the costs of age, and females may

benefit by leaving high ranking males that show signs of aging.

The results for extra-unit copulation suggest that females prefer

to mate with high ranking prime aged males when mating outside of

their own OMU. Their preference for prime aged males in this social

context is likely to be an important factor contributing to the mating

success of males of this age, since these extra-unit copulations ap-

pear to be responsible for the majority of offspring born (57–75%)

(Guo et al. 2010; our unpublished data). Why females appear to pre-

fer prime aged males for extra-unit copulation is not yet clear. Many

studies have shown that male age is closely related to indicators of

quality that may affect female fitness. It could be that prime aged

males are likely to be more reproductively competent than other

males, and that females are more likely to conceive when mating

with them (Alberts et al. 2006). In addition, prime aged males have

survived a long time; therefore, they may have genes related to
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longevity to pass to offspring. Prime aged males that belong to an

OMU also tend to be high-ranking (Figure 2); hence, their offspring

may acquire heritable physical or psychological traits that facilitate

the acquisition of high rank. Indeed, male rank and paternity are

correlated with one another in many mammalian species and with

male age, forming inverted U-shaped functions with male age

(Setchell et al. 2006; Pines et al. 2015; Perlman et al. 2016). Finally,

to the extent that infanticide is a risk in this population, extra-unit

copulation could lower that risk, should the resident male be

replaced (Qi et al. 2020). Alternatively, biases favoring extra-unit

mating with prime age males could be related to mate guarding ra-

ther than female preferences, if resident males find it difficult to pre-

vent matings between their females and prime age extra-unit males.

However, this is unlikely because in most cases females approach

and solicit extra-unit males after moving some distance away from

their resident male and OMU. It may also be that prime age males

may be more receptive to solicitations by extra-unit females, but

currently there are no data to test this possibility.

On the other hand, female transfers suggest that females tend

to transfer from older, high-ranking resident males to younger,

low-ranking resident males (see also Zhao et al. 2008), although

the specific factors driving this tendency are not clear. First, when

young females mature within their natal OMUs, their fathers are

likely to have reached prime age or older. Given the high fre-

quency of OMU takeovers, a young female’s father may be an

older resident male in a different OMU. Thus, some transfers to

younger males may function to avoid inbreeding. In our study,

females WX and DH left their natal OMUs and its resident males

(DX and DD) to build a new OMU with younger males. Although

we didn’t find evidence that females tend to transfer to new males

that are less closely related than their original males. Mothers (or

sisters) may also transfer to the same OMU as had their daughters

(or sisters), that is, an OMU with a younger male, given that

females tend to be in OMUs with female kin (Ren et al. 2018).

For example, DH’s mother transferred into the same OMU as had

her daughter, and sisters YB and HH both transferred to XZ’s

OMU. However, female–female relatedness is not likely to be a

major factor in transfer patterns since we found no significant

tendency for females to transfer to OMUs that contained more

closely related females than their original OMUs. Given that

young adult resident males have fewer females than prime aged

resident males, it could be that females that transfer to new

OMUs with young adult males to avoid female–female competi-

tion for resources, including attention and sperm from the male.

Indeed, several studies provide evidence that females may dis-

criminate against sperm-exhausted males who had consorted with

several females or were very old males (Harris and Moore 2005;

Briefer et al. 2013; Vuarin et al. 2019). However, we found no

tendencies for females to transfer to OMU with fewer females. In

some primate species, females are more likely to be attracted by

novel mates (Wikberg et al. 2017; Baudouin et al. 2019); for ex-

ample, males XW and XB came from other troops. Transferring

females also appear to be particularly attracted to younger resi-

dent males who only recently formed an OMU (SS and XZ). Such

males and their novel genomes may provide opportunities to

females to diversify the genetic make ups of their offspring.

Younger resident males tend to be lower ranking than older resi-

dent males (Figure 2), perhaps presenting a disadvantage to

females, given that higher ranking males are better able to provide

a stable OMU in which to raise offspring (Silk et al. 2020). It is

unknown yet whether the advantages of young resident male out-

weigh the potential disadvantages of having a lower ranking resi-

dent male, for example, priority of access to food for the unit,

protection from harassment from other males (Moller and

Jennions 2001). Finally, although females transferred when they

were in a variety of reproductive states, the fact that most of the

transfers occurred during the birth season, rather than the mating

season may reflect a broader reproductive strategy for females ra-

ther simply a mating strategy.

Overall, our findings suggest that female golden snub-nosed

monkey preferences may differ depending on whether they are

choosing social mates in the form of resident males or mates for

extra-unit copulation. There appear to be a number of possible ben-

efits to choosing high ranking prime age males for extra-unit copula-

tion and for transferring from OMUs with older prime age males to

those with lower ranking younger males.

It is also unclear whether females focus on particular cues that

are functionally linked, as do females in many species, including the

size and quality of secondary sexual characteristics, for example,

antler size, tail feathers, and plumage coloration (Nussey et al.

2009; Evans et al. 2011; Kervinen et al. 2016) or more general cues

related to age. Do females attend to more than one age-related cue,

such that age can be used to capture the cumulative effects of mul-

tiple cues more effectively than single cues? The results of this study

suggest that future studies that compare the effects of male age per

se with the effects of particular age-related cues would be helpful in

answering this question in particular and in further understanding

the dynamics of female mating strategies.
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