
Chapter 9
Preliminary Observations
of Female-Female Bridging Behavior
in Tibetan Macaques (Macaca thibetana)
at Mt. Huangshan, China

Grant J. Clifton, Lori K. Sheeran, R. Steven Wagner, Jake A. Funkhouser,
and Jin-Hua Li

9.1 Introduction

Several species of the genus Macaca engage in an affiliative behavior commonly
referred to as “bridging.” Bridging is a triadic behavior in which two older individ-
uals lift and hold an infant or juvenile between them while teeth chattering and/or
licking the infant/juvenile’s genitals (Ogawa 1995a). Bridging and similar affiliative
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triadic behaviors have been recorded in Barbary (M. sylvanus; Deag and Crook
1971; Taub 1984; Paul et al. 1996; Kubenova et al. 2017), stump-tailed
(M. arctoides; Estrada and Sandoval 1977; Estrada and Estrada 1984), Assamese
(M. assamensis; Kubenova et al. 2017), and Tibetan macaques (M. thibetana;
Ogawa 1995a, b, c; Zhao 1996; Bauer et al. 2013). Adult males’ bridging tends to
occur in non-agonistic contexts and is often followed by other affiliative behaviors
such as grooming (Ogawa 1995a, b; Deag and Crook 1971). Adult males of all
species use younger male infants as the bridge more often than female infants and
juveniles of both sexes (Ogawa 1995a; Deag 1980). In M. sylvanus, subordinate,
lower-ranked males often bring an infant to a dominant individual to engage in
affiliative behaviors (Deag and Crook 1971; Deag 1980). Deag and Crook (1971)
hypothesized that subordinate males use infants as an “agonistic buffer” when
initiating interactions with dominant males in order to reduce the probability of
aggression. Alternatively, Taub (1984) proposed that these interactions were related
to paternal caretaking and instead suggested the “enforced babysitting” hypothesis.
Rather than using the infant as a buffer, Taub suggested that natal males in
M. sylvanus use infants that are matrilineally related to them in order to develop
bonds with infants and to inform others of their relatedness to the individual (1984).

Paul, Kuester, and Arnemann (1996) tested both the agonistic buffer and enforced
babysitting hypotheses in dyadic male-infant interactions and triadic male-infant
interactions (i.e., bridging) in M. sylvanus. DNA evidence conflicted with the
enforced babysitting hypothesis by demonstrating that males did not interact with
infants related to them and did not gain any additional reproductive benefits from
interacting with particular females’ infants. Conversely, frequency of male-infant
interactions increased during intervals of high male-male tension, which supported
the agonistic buffering hypothesis in M. sylvanus.

Ogawa (1995a, b, c) investigated male-male bridging behavior in Tibetan
macaques (M. thibetana) and tested the agonistic buffering and enforced babysitting
hypotheses. Ogawa found that bridging almost always occurred in non-agonistic
contexts and that the frequency of bridging between males positively correlated with
rates of grooming (Ogawa 1995a). Subordinate males initiated bridges with dominant
males more often than vice versa, and initiating males were more likely to use the
infants that were preferred in social interactions by dominant males. Aggression never
occurred in male-male dyadic interactions in which a bridge took place but occasion-
ally happened in non-bridging dyadic interactions. Ogawa (1995a) suggested that in
macaque species with a higher than average socionomic sex ratio, such as Barbary and
Tibetan macaques, males may use bridging to reduce social tensions caused by
increased male-male competition and to reduce the possibility of aggression in future
interactions. While Ogawa’s (1995a) findings did not support the enforced babysitting
hypothesis, natal group males did not prefer to bridge with infants related to them,
suggesting that male-male bridging is not related to kinship. Adult males preferred to
use male infants rather than female infants, and individual males had particular
immature males that they used in bridging interactions more often than they used
others. However, there was no evidence to suggest that infants gained any direct
benefits from bridging: male and female infants experienced equal mortality rates
despite the sex bias toward male infants in male-male bridging.
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Although all age and both sex classes engage in bridging, there has been little
mention of bridging interactions involving females. Ogawa (1995c) studied bridging
interactions between adult males and adult females. In contrast to the trend in male-
male bridging, higher-ranked males were more likely to initiate male-female bridg-
ing interactions than were lower-ranked males. Additionally, males bridged more
females they were in consort with. Ogawa (1995c) concluded that male-female
bridging likely facilitates mating bonds.

Female-female bridging has been reported in M. thibetana (Ogawa 2006; Bauer
et al. 2013) andM. arctoides (Estrada and Estrada 1984), and similar triadic female-
female-infant interactions have been described in M. sylvanus (Deag and Crook
1971), but no studies have investigated female-female bridging in detail. When
considering the existence of maternal relatedness and strong matrilines among
females as well as the differing forms of within-sex competition between males
and females, it is possible that female-female bridging does not serve the same
purpose as male-male bridging. Moreover, maternity and females’ matrilineal rela-
tionships may influence how they bridge with one another.

This study describes and analyzes female-female bridging behavior in a group of
habituated Tibetan macaques and compares female-female bridging behavior to
previous studies on male-male bridging behavior. We predicted female-female
bridging would differ from male-male bridging and that these differences might
aid in development of further hypotheses to explore female-female bridging in this
species.

9.2 Methods

We conducted observations from 01 August to 21 September 2014 at the Valley of
Wild Monkeys tourist site near Mt. Huangshan, Anhui Province, China (30�290N,
118�110W). One group of Tibetan macaques known as Yulingkeng A1 (YA1) ranges
in the forest area surrounding platforms built to facilitate tourism. YA1 monkeys are
free-ranging but are habituated to human presence and are provisioned with corn
several times a day by park guards. Researchers have tracked and recorded matri-
lineal kinship, births, immigrations, and deaths since 1985 (Wada and Xiong 1996).
At the study’s start, the group consisted of 41 individuals: 9 adult males, 8 adult
females, 4 subadult males, 4 subadult females, 6 juvenile males, 7 juvenile females,
2 male infants, and 1 female infant; however, the female infant died on 15 August
2014 (Table 9.1). We classified females as adult if they had given birth to least one
offspring and were � 6 years old and as subadults if nulliparous and 4–5 years old.
We classified infants as under 1 year of age, with the two male infants being roughly
2 months of age and the sole female infant being roughly 5 months of age at the start
of the study. To establish a dominance hierarchy for use in this investigation, Lori
K. Sheeran (LKS) collected dominance interaction behavioral data from 14 July to
27 August 2014 (36 days) from 7:00 to 12:00 and 14:00 to 17:00 daily. LKS utilized
all-occurrence sampling to collect dominance data (Altmann 1974). Agonistic data
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consisted of fear-grin, scream, flee, displace, threat, lunge, chase, grab, slap, and bite
as defined by Berman et al. (2004). Winners of these interactions were defined by
either the actor in directional agonism or the recipient of a submissive behavior.
Losers of these interactions were defined by those receiving directed agonism or the
actors of submission. To derive a ranking order and dominance score for each
individual, we analyzed these data using Elo-rating procedures (Neumann et al.
2011) in R (R Core Team 2016).

We established interobserver agreement of 100% for all adult male and female,
subadult female, and infant identities on 08 August 2014. We identified juveniles by
the presence of their mother or their age and sex rather than individual identities due
to the difficulty of learning individual juvenile identities within the limited
timeframe of our study. We collected data from 8:00 to 12:00 and 13:00 to 18:00.
To record bridging events, Grant J. Clifton (GJC) used 2-min focal samples
(Altmann 1974) of adult and subadult females. We selected focal order randomly
each day using a random number generator. Within focal samples, we recorded
behaviors from an ethogram (Ogawa 1995a). Proximity refers touching or within
arm’s length (Sheeran et al. 2010). GJC also used all-occurrence sampling (Altmann
1974) to record bridges occurring outside of focal samples. If a bridge occurred or
was suspected to occur between non-focal individuals, then the current 2-min focal

Table 9.2 Select results and demographics per individual

Female
individual

Date of
birth

Age
group

Elo
scorea

Focal time
(hour)

Bridge
initiations/h

Bridge
receptions/h

YeXiaXue
(YXX)

2010–05 Subadult 1316 2.83 2.826 0.354

HuaHong
(HH)

2003–?? Adult 1173 2.00 0.498 0

YeChunYu
(YCY)

2009–03 Subadult 1172 3.13 2.874 0

YeHong (YH) 2003–?? Adult 1136 3.53 1.134 1.416

YeMai (YM) 1990–04 Adult 1096 2.23 0.45 0

TouRui (TR) 2004–?? Adult 1057 2.53 0 0.396

TouHong
(TH)

2003–?? Adult 987 2.72 1.464 2.196

TouXiaXue
(TXX)

2008–03 Adult 885 3.13 0.318 0.96

TouRongYu
(TRY)

2009–03 Subadult 838 1.00 0 0

TouTai (TT) 1991–04 Adult 766 2.23 0 0

YeZhen (YZ) 1992–01 Adult 729 2.97 0 0.336

TouHuaYu
(THY)

2009–04 Subadult 656 2.67 0.378 0

Mean – – 2.58 0.828 0.474

Median – – 2.70 0.414 0.168
aWe used Elo-rating scores as a metric of dominance status. Larger Elo scores indicate higher
dominance status
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was suspended, and the interacting dyad was observed for 2 min or until one
individual left proximity. If a bridge occurred during a focal, we extended the
focal for two additional minutes after the bridge to record context, but did not
include the additional focal time in the focal data.

We used an ethogram modified from Ogawa (1995a) to record affiliative behav-
iors that often occurred before and/or during bridging. A bridge was defined as two
individuals holding an infant or juvenile between one another with at least one
individual teeth chattering or genital licking the infant. The bridge initiator was
considered the individual who first teeth chattered or genital licked while lifting the
infant or juvenile. A bridge began when both the initiator and receiver held up an
infant. The bridge ended either when one of the individuals put down the infant or
when no affiliative behaviors continued (other than grooming). Bridges that occurred
within short succession of one another were considered separate events as long as at
least one individual stopped holding the infant in between events.

We considered a bridge successful when the receiver held the infant or juvenile in
the bridging position after receiving an initiation (Fig. 9.1). If a receiver teeth
chattered or genital licked but turned away while the initiator was attempting a
bridge, then it was considered failed (Fig. 9.1). Following Ogawa (1995a), we
classified as Type I bridges in which the initiator brings an infant to a receiver or
as Type II if the initiator approaches a receiver who is holding an infant (Fig. 9.2).
Ogawa also observed bridges in which both males simultaneously approached and
grabbed a single infant. In his study, he classified them as Type III bridges; we, on
the other hand, did not observe Type III occur among females, so they were left out
of our analysis.

We analyzed bridging behavior by initiator, receiver, and dyad. For individual
and group comparisons, we used bridges recorded from focal animal sampling and
converted bridges to rates to account for the uneven distribution of focal times. To
calculate the rate of bridge initiations and bridge receptions per individual, we
divided the number of bridge initiations and receptions from within the individual’s
focal samples by the total focal time for that individual. To calculate the rate of
bridging in dyadic interactions, we calculated the total number of initiations by each
individual and divided by the sum of the total focal follows for both individuals.
Since focal and all-occurrence bridging dyads were significantly correlated
(Kendall’s tau; τ ¼ 0.65, n ¼ 22, p < 0.01) and since the proportions of Type I

Fig. 9.1 Successful (left) and failed (right) bridge initiations (photo credit: Anne Salow)
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and Type II bridges were not significantly different between focal and all-occurrence
sampling (Fisher’s exact test; p > 0.05, df ¼ 2), we pooled both sample sets for
categorical analyses of bridge initiation type. However, we only included bridges
recorded via focal animal sampling in our analysis of success rates. Because of our
limited size and aim (to describe and categorize female-female bridging), we mainly
used descriptive and simple parametric statistics. We used Pearson’s correlation
coefficient to analyze the relationship between dominance status (Elo scores) and
bridge initiation/reception rates, paired-sample t tests to examine differences in
initiations rate by subordinate or dominant individual within each dyad, chi-square
tests of independence, Fisher’s exact, and binomial tests to investigate differences in
the distribution of nonparametric frequencies of bridging event types.

9.3 Results

We recorded a total of 31 h of focal data and 119 bridging events (27 Type I; 92 Type
II; 76 successful and 43 unsuccessful; Table 9.1). All four subadults and seven of
eight adults were observed involved in at least one bridge (Table 9.1). Overall, we
recorded 119 bridging events, 46 (38.7%) of which were recorded via focal
sampling.

Of all observed bridging events, we recorded 27 (22.7%) that occurred via Type I
initiation and 90 occurred via Type II initiation, of which 76 (63.9%) were successful
bridges and 43 (36.1%) were failed bridges. In focal animal sampling, we recorded
7 (13.2%) via Type I initiations and 39 (84.8%) via Type II initiations, of which
21 (45.7%) were successful bridges and 25 (54.3%) were failed bridges. Table 9.2
displays all bridging initiations and receptions for each possible dyad and focal times
and bridging rates for adult and subadult females.

Fig. 9.2 Type I (left) and Type II (right) bridge initiations
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Female-female bridges were often subtle and did not involve audible vocaliza-
tions. Like male-male bridges, at least one female would lick the infant’s genitals
during bridges and sometimes touched the infant’s genitals. Females often
approached mothers who were holding infants and would peer at the infant before
initiating the bridge by grabbing it. Successful bridges were never observed to be
followed by aggression during our study, but receivers were occasionally observed
committing aggression toward failed initiators.

The median bridge initiation rate for adults was 0.378 initiations per hour,
whereas the median bridge initiation rate for subadults was 1.596 initiations per
hour, but the sample size of the subadult group was too small to accurately test for
significance. However, two subadult females, YCY and YXX, initiated far more
often than any other adult or subadult (Table 9.1). The median bridge reception rate
for adults was 0.366 receptions per hour, whereas no subadults were observed to be
recipients of any bridging events. Like initiations, there were large differences in the
number of bridges received by each individual within groups, with the two mothers
of infants, YH and TH, receiving a large majority of bridges (Table 9.1). Individuals
who initiated bridges were not more likely to have their bridges reciprocated by
those with whom they initiated (rs ¼ �0.45, n ¼ 17, p > 0.05).

We analyzed the relationship between dominance status and bridge initiations
using a Pearson’s rank correlation. Social rank was positively correlated with bridge
initiations (r(12)¼ 0.686, p¼ 0.014; Fig. 9.3), but social rank and bridge receptions
were not significantly correlated (r(12) ¼ 0.06, p ¼ 0.85; Fig. 9.4).

To test for significance differences between the mean rates of bridge initiations by
either dominant or subordinate individuals within each dyad, we used a paired-
samples t test. In contrast to what has been reported for males, within each dyad,
subordinate individuals did not initiate bridges significantly more than that dominant
individuals. We found no significant difference between the mean rate of bridge
initiation between dominant or subordinate individuals (t(65) ¼ 1.398, p ¼ 0.167,
Fig. 9.5). While this difference is not significant, descriptively, we found that
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Fig. 9.3 Scatterplot of dominance status (Elo score) vs. bridge initiations (per hour of observation)
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dominant individuals were found to initiate bridges more (0.415 � 1.35 initiations
per observation hour) than subordinate individuals (0.195 � 0.52 initiations per
observation hour).

A majority of bridges occurred via Type II interactions. In bridges observed via
focal sampling, all Type I bridges occurred by adults. Subadult females were
observed initiating Type I interactions via all-occurrence sampling, but Type I
interactions were still more likely to be initiated by an adult than a subadult (Fisher’s
exact test; p < 0.05, df ¼ 1; Fig. 9.6). Of all but two Type II bridges, the receiver of
the bridge was the mother of the infant or juvenile being used, and in the two
exceptions, the same subadult female, YXX, was the receiver. Similarly, in all but
two Type I interactions initiated by adults, the initiator was holding her own
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Fig. 9.4 Scatterplot of dominance status (Elo score) vs. bridge receptions (per hour of observation)

0

1

2

3

4

5

6

7

8

9

Dominant Subordinant

R
at

e 
o

f 
)r

u
o

h
n

o ita
vres

b
o

re
p(

s
n

oitaiti
nI

Bridge Initiator (within dyad)

Fig. 9.5 Bridge initiation rates for the dominant vs. subordinate individual within each dyad. Each
line represents a single dyad for a total of 22 dyads

9 Preliminary Observations of Female-Female Bridging Behavior in. . . 181



offspring. These two exceptions were initiated by the same individual, TXX, using
TH’s infant in both cases.

In Ogawa’s (1995a) study of male-male bridging, 185 (62.1%) bridges occurred
via Type I initiations, 70 (23.5%) occurred with Type II initiations, and 43 (14.4%)
occurred via Type III interactions. We did not observe female-female bridging via
Type III initiations, so to compare males and females, we pooled Type II and Type
III male bridges together for a total of 185 (62.1%) Type I and 113 (37.9%) Type
II/III interactions. Since Ogawa (1995a) did not mention the occurrence of failed
male-male bridge initiations, we only used successful female-female bridge initia-
tions to compare differences between male-male and female-female bridges to
ensure validity between our dataset and Ogawa’s. Of successful female-female
bridges, 24 (31.6%) occurred via Type I initiations, and 52 (68.4%) occurred via
Type II initiations. Even after pooling the male Type II and Type III initiations
together, which creates a more conservative estimate than if Type III initiations were
excluded, females were still significantly more likely than males to use Type II
bridge initiations over Type I initiations (chi square test for independence;
χ² ¼ 28.85, df ¼ 1, p < 0.01; Fig. 9.6).

Bridges initiated by adults were significantly more likely to be successful than
bridges initiated by subadults (φ¼ 0.46, df¼ 1, p< 0.01). In focal samples, all Type
I bridges were successful, but we recorded two failed Type I bridge initiations via
all-occurrence sampling. However, these two failed initiations were from a subadult.
Receivers showed no significant preference in accepting bridges that utilized either
infants or juveniles, and we found no significant difference in success rates of
bridges that were preceded by grooming vs. those that were not preceded by
grooming, although successful bridges were significantly more likely than unsuc-
cessful bridges to be followed by grooming (φ ¼ 0.45, df ¼ 1, p < 0.01).

The two surviving infants in the group were used as a bridge in 88 out of
103 bridging cases, which is significantly more often than expected based on the
proportions of infants and juveniles in the group (exact binomial test, df ¼ 1,
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p < 0.01, Fig. 9.7). Of individuals who used infants to bridge, some individuals
demonstrated a clear preference toward a specific infant over the other (Fisher’s
exact test; df ¼ 6, p < 0.01, Fig. 9.8), but our small sample size did not allow us to
test the significance of the pairwise comparisons.
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9.4 Discussion

The agonistic buffering hypothesis was not supported among female-female bridges
within our dataset for this group of Tibetan macaques. In contrast to what has been
reported in males (Ogawa 1995a; Zhao 1996; Bauer et al. 2013), social rank was
positively correlated with bridge initiations. Initiators were also not more likely to be
subordinate to those who received their bridge attempts, which is evidence in
contrast to the idea that subordinate females initiate bridges with dominant individ-
uals to reduce the probability of future aggression (Ogawa 1995a). Further departing
from the trends seen in males, females were not more likely to initiate bridges with
those from which they received bridges. These data suggest the females in this group
do not bridge in order to avoid conflicts, as has been observed for males.

Although there were no significant differences in bridging initiations between
adult and subadult groups in this population, two of the subadult individuals, YCY
and YXX, initiated far more bridges than any other individual. In contrast, the other
two subadults, THY and TRY, rarely bridged. Interestingly, YCY and YXX were
both much larger and more physically mature than either THY or TRY, who were
both more juvenile-like in appearance and behavior. The mother that bridged the
most out of the mothers without infant offspring, TXX, was relatively young for a
mother and would normally be considered a subadult if not for the fact that she
previously gave birth. This individual was also the only mother to initiate Type I
bridges utilizing another mother’s offspring and to initiate a Type II bridge toward a
receiver holding her offspring. These bridges occurred toward subadult YCY.

As a group, adults received most of the recorded bridges, though statistically there
was no difference between the rate at which adults and subadults were recipients. In
particular, the infant mothers TH and YH each received far more bridges than any
other individual. Out of bridges that involved adults, all except for two involved the
mother of the infant. In addition, female bridges were more likely to occur by Type II
initiation than by Type I. Ogawa (1995a) reported far more Type I initiations
between males than Type II initiations. The comparison of female-female bridges
and male-male bridges from Ogawa (1995a) demonstrates that this difference in
Type I vs. Type II initiations between intra-sexed bridging events is significant,
meaning that females are more likely to approach and initiate a bridge with a receiver
who is holding an infant, whereas males are more likely to initiate while holding the
infant. Of female-female Type II bridges, a large majority involved the mother as the
receiver, and all of those that involved the mother as the receiver used her infant.
Type I bridges were also more likely to be successful than Type II bridges, which
may suggest an importance of the infant in the bridge rather than the relationship
between the other individuals. In addition, individuals were not more likely to
reciprocate bridges, which further suggests that the relationship between the older
members of the bridging dyad is not as important as the infant. These trends support
motherhood and interest in infants as factors in how female-female bridging is both
initiated and received.
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Female-female bridging in our dataset did show some consistencies with male-
male bridging, however. Similar to males, successful bridges never occurred in
aggressive contexts and were not followed by aggression. Females also showed a
bias toward initiating bridges with their own infants over other juveniles. Although
initiators preferred to use infants, receivers did not appear to show a preference, as
bridges initiated with juveniles were equally likely to be successful, though we
should caution that the few observed juvenile bridges limits the power of our
analysis. With that being said, it is nonetheless consistent with bridging trends
between males observed in this same study group (Bauer et al. 2013). Moreover,
among individuals that often bridged with infants, most showed a preference for one
infant over the other. Interestingly, mothers of multiple offspring only initiated and
received bridges utilizing their youngest offspring, further supporting the hypothesis
that initiators are biased toward using younger individuals.

Unfortunately, the death of TR’s infant, the only female infant, prevented us from
investigating whether there are sex biases in the infants used in female-female
bridges. YCY initiated four bridges using TR’s infant, demonstrating that female-
female bridges do occur with female infants, but we did not observe enough
occurrences during this time for any sex biases to be tested. Of juvenile 1-year-
olds, only females were used; however, there were five female 1-year-old juveniles
and only one male 1-year-old juvenile. Moreover, TH was the mother of the single
male 1-year-old juvenile, and she had a younger infant that she most often used in
bridges. Without a more equally distributed sex ratio of infants and juveniles, it is
impossible to state with these preliminary data whether or not females prefer to
bridge with infants of a specific sex.

The preliminary results we present here can be used to generate future hypotheses
regarding the function of bridging in females. In our dataset, the few individuals in
the group make cross-comparisons between age classes difficult and limit a majority
of the statistical analysis to less powerful, nonparametric, and descriptive proce-
dures. Our study spanned a short time period, which limited the amount of focal data
for each individual. This makes it unclear as to whether certain individuals never
bridge or just do so less frequently than others. However, our study was conducted
on the same group under similar conditions as past studies on bridging in male
Tibetan macaques (Ogawa 1995a, b, c; Bauer et al. 2013; see also Zhao 1996
studying this species at Mt. Emei), which enabled us to directly compare male-
male and female-female bridging behavior in Tibetan macaques within this partic-
ular group.

Despite the limitations, this study is the first to investigate bridging behavior
between females in any species of macaque. Our results suggest that female bridging
behavior may not follow the same pattern as male bridging and indicate that this
behavior is related to female interest in infants than it is to the agonistic buffering
hypothesis. Younger, higher-ranking female individuals may bridge more often
because it allows them to gain alloparental experience from interacting with infants.
Alternatively, female bridging may be a by-product of interest in mothers and
infants, similar to what has been supported in female-infant interactions in bonnet
macaques,M. radiata (Silk 1999). Future studies should follow the format of Ogawa
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(1995a) by observing bridges in relation to all female-female and female-infant
interactions over the course of the entire year to enable a more definitive test of
the agonistic buffering hypothesis.
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