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Liang-Wei CUI'***"| Qing-Lei SUN**, Bao-Guo LI'*"

1. Key Laboratory of Resource Biology and Biotechnology in Western China, College of Life Sciences, Northwest University, Xi’an 710069, China
2. Faculty of Forestry, Southwest Forestry University, Kunming 650224, China

3. Kunming Institute of Zoology, Chinese Academy of Science, Kunming 650223, China

4. Institute of Zoology, Shaanxi Academy of Sciences, Xi’an, 710032, China

Abstract: Different types of dominance hierarchies reflect different social relationships in primates. In this study, we clarified the
hierarchy and social relationships in a one-male unit of captive Rhinopithecus bieti observed between August 1998 and March 1999.
Mean frequency of agonistic behaviour among adult females was 0.13 interactions per hour. Adult females exhibited a linear
hierarchy with a reversal of 10.9%, indicating an unstable relationship; therefore, R. bieti appears to be a relaxed/tolerant species. The
lack of a relationship between the agonistic ratio of the adult male towards adult females and their ranks indicated that males did not
show increased aggression towards low-ranking females. Differentiated female affiliative relationships were loosely formed in terms
of the male, and to some extent influenced by female estrus, implying that relationships between the male and females is influenced
by estrus and not rank alone. A positive correlation between the agonistic ratio of adult females and their ranks showed that the
degree to which one female negatively impacted others decreased with reduction in rank. Similarly, a positive correlation between the
agonistic ratio of females and differences in rank suggests that a female had fewer negative effects on closely ranked individuals than
distantly ranked ones. These data indicate that rank may influence relationships between females. A steeper slope of regression
between the agonistic ratio and inter-female rank differences indicated that the extent of the power difference in high-ranking females
exerting negative effects on low-ranking ones was larger during the mating season than the birth season, suggesting that rank may
influence the mating success of females.
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Social dominance is considered important in studies
of animal behaviour, is generally defined in terms of the
consistent direction of agonistic behaviour between
individuals (Walters & Seyfarth, 1987), and may be meas-
ured by asymmetry in repeated interactions (de Waal &
Luttrell, 1989). Dominance style, which refers to the way
dominants treat subordinates and vice versa (de Waal,
1996), is classified on a continuum with despotic at one
end and tolerant/relaxed at the other (Thierry, 2000). In
tolerant/relaxed species, high-ranking animals display
weak, symmetrical patterns of aggression, more tolerance
around resources and reconcile frequently; despotic
species show opposite tendencies (Berman et al, 2004). A
dichotomy of hierarchies explains dominance relationships
in nonhuman primates. A strong dominance hierarchy is
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characterized by common agonistic interactions, and less
than 5% of reversals indicating stable dominance relatio-
nships. By contrast, a weak hierarchy is typified by rare
agonistic interactions, and by as much as 15% reversal,
suggesting an unstable relationship (Isbell & Young, 2002).
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Socio-ecological theory predicts that food resources
and predation risk shape the competitive regime and
therefore the relationship and dominance structure
among group-living female diurnal primates (Sterck et al,
1997; van Schaik, 1989). Scramble competition has been
associated with egalitarian dominance relationships, in
which hierarchies are unclear and non-linear. Contest
competition is linked to despotic dominance relations-
hips, in which hierarchies are clearly established and
linear. Such females often formalize dominance relation-
ships, which are expressed in ritualized signals (de Waal,
1989). Contest competition occurs when the distribution
of food can accommodate only some individuals and
exclude others. Contest competition will increase with
the ability to monopolize resources and the number of
competitors. A linear hierarchy is adaptive, and reduces
the intensity of competition through clear hierarchies
when contests are strong (Wittig & Boesch, 2003).

Dominance hierarchies are either poorly defined or
not apparent in some colobine species (reviewed by
Struhsaker & Leland, 1987). However, in other studies,
adult females exhibit a linear hierarchy (Presbytis ent-
ellus: Borries et al, 1991; Semnopithecus entellus: Koe-
nig, 2000; Trachypithecus phayrei: Koenig et al, 2004)
stable over short periods but fluctuating year to year, and
inversely related to female age (Borries et al, 1991). The
number of adult females in a group is thought to
influence hierarchy linearity indices and reversals as well
as dominance relationships. Dominance ranks change
more frequently in larger groups than in small and med-
ium-sized groups (Koenig, 2000). Dominance hierarchy
is related to size (and therefore age) as well as genealogy
in many species of nonhuman primates (see Borries et al,
1991). Moreover, linear dominance hierarchies have
been reported amongst one male units (OMUSs) in R. rox-
ellana, with ambiguous and reversal interactions at
17.7% (Zhang et al, 2008a). In R. roxellana OMUs, the
dominance ranks of females are determined by displa-
cement, and the hierarchy may regulate the strategy of
female mating competition since high-ranking females
mate more than low-ranging ones (He et al, 2013).

Black-and-white snub-nosed monkeys (Rhinopith-
ecus bieti) travel together as a large and cohesive cohort,
predominately as one-male multi-female units (OMUSs),

but also an all-male unit (AMU) (Kirkpatrick et al, 1998).

Adult female R. bieti migrate among OMUs, OMUs
sometime split, and merge with individuals from diffe-
rent OMUs (Cui, unpublished data). Relationships
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among wild colobine females are infrequent and hard to
record in comparison to cercopithecidae females
(Newton & Dunbar, 1994). The habitat of wild R. bieti is
characterized by steep slopes and deep valleys and also
because they are shy, it is difficult to habituate them to
allow for individual identification. Until now, it has been
impossible to obtain systematic data on agonistic
interactions between individuals within OMUs for R.
bieti in the wild.

Captive R. bieti display a low agonistic interactions
rate (0.3 per hour) and reconcile frequently (54.5%). The
adult male intervenes frequently and peacefully in
conflicts among adult females (Griiter, 2004). According
to predictions from socio-ecological models (van Schaik,
1989), a weak or nonlinear hierarchy would be expected
in this species. In terms of the dichotomous hierarchy
system (Isbell & Young, 2002), the dominance hierarchy
of this species would be characterized by frequent
reversals, indicating an unstable dominance relationship.
Moreover, in OMUs of R. roxellana, adult females can
be arranged by dominance rank (He et al, 2013), but they
have no tendency to build a strong relationship with each
other (Wang et al, 2013). Both male and female
immature R. bieti emigrate from natal groups in the wild
(Cui, unpublished data), but there is a lack of information
on natal dispersal. The overall objective of this study is
then to better understand the social structure in snub-
nosed langurs by analysing dominance hierarchy and
affiliative patterns. Specifically, this study aimed to (1)
examine dominance style and social relationships in an
OMU of R. bieti; (2) explore the role of dominance rank
in adult female social relationships; and (3) better
understand natal dispersal mechanisms in this species,
for example, do females disperse from the natal group
and under what conditions? And what is the role played
by adult individuals during the dispersal course of their
offspring?

MATERIALS AND METHODS

Subjects

Study animals comprised one adult male and six
adult females and their seven offspring housed at the
Kunming Institute of Zoology (KIZ) (Kunming, Yunnan,
China). Two of the adult females (Fa and Fc) were
transferred from Kunming Zoo (KZ) for impregnation on
October 12, 1998, and returned after this research. All
adults were wild-captured from a band in Weixi county
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(N27°27', E 99°11"), northwest Yunnan. The adult male
and juveniles=3 years old were separately housed since
the male is often agonistic toward them. This captive
group has a similar composition to wild OMUs (Cui et al,
2008). Age-sex composition and the matrilines of these
individuals appear in Cui & Xiao (2004).

Enclosure environment

Study subjects were kept in an enclosure that
contained an indoor room (5.2 m long, 2.0 m wide and
2.7 m high) and an outdoor octahedronal cage (66 m”X4
m). The enclosure is evenly divided into two sections. A
cement wall separated the indoor room, and the wire
mesh fence divided the outdoor pen, which was
surrounded by 8 cm-interval vertical metal bars. There
was a basin full of water in each cage. Animals on each
side could see each other through the metallic mesh, and
the observer could also see the animals clearly through
the metal fence. A keeper fed the monkeys plants (e.g.,
privet, cherry, willow leaves), some fruit (apple, banana,
pear, tomato) and nutritionally balanced artificial food at
0900h, 1200h and 1600h each day. The plants and fruit
were dispersed at two sites in each part of the cage to
avoid food competition among animals; artificial food
was allocated based on body-size for each animal.

Data collection

Linearity relies on the number of established binary
dominance relationships and on the degree of transitivity
in these relationships (Appleby, 1983; de Vries, 1995). It
should be adaptive for a linear hierarchy when contest
competition is strong and where the strength of
aggression needs to be reduced by clear dominance
relationships among competitors (de Vries et al, 2006).
Data on affiliative and agonistic behaviours of all
individuals in two cages were collected from August 20,
1998 to March 10, 1999. All animals were observed for
7—-8 hours per day, and 2—3 days per week. Total observ-
ations were 364 hours, with 243 hours in the mating
season and 121 hours in the birth season. Affiliative
interactions, recorded by focal-animal scan sampling
(every 5 minutes) (Altmann, 1974), are comprised of pr-
oximity (being within one meter, but not in contact) and
contact (all body contact except agonism and playing).
All dyadic interactions with the actor and receiver were
recorded using all occurrences sampling (Altmann, 1974)
during the period between scanning points. Dyadic
interactions include dominant and submissive behaviours.

Zoological Research

Dominant behaviour is defined as one of the following
performed by the initiator: threat, lunge, slap and chase.
Submissive behaviour includes responses by the recip-
ient: cower, displace, flee and scream. Animals were
names as the following rules: Mk repressents the male
adult; female adults are named as Fx (x represents differ-
ent individuals); immatures are named as age and
mother’ s identity, e.g., Ib is the infant of Fb. This
research complied with protocols approved by the Ani-
mal Care Committee of Yunnan Province and adhered to
Chinese National Laws on Protection of Wild Animals.

Data analysis

It has been reported that wild adult R. rexallana
females in OMUs change dominance ranks between the
mating and birth seasons (Li et al, 2006), thus dominance
relationships were analysed in two periods in this study:
from August 20 to December 31, 1998, and from January
1 to March 10, 1999. The first period took place
primarily in the mating season (MS), and the second
period was within the birth season (BS). A combined
dominance matrix was constructed for the whole study
period due to the absence of agonistic behaviour between
some adults and juveniles either in MS or BS. We
analysed the frequency of agonistic interactions (n per
individual observation hour).

Dominance ranking of individuals was measured
using David’s score (Gammell et al, 2003). Six or more
individuals were required to test the linearity of
dominance hierarchy, thus the linearity of hierarchy am-
ong seven adults in this study was measured using Kend-
all’s coefficient K (Appleby, 1983). To describe the extent
to which agonistic interactions were asymmetric within
dyads, the directional inconsistency index (DII) was
calculated as the percentage of all agonism directed to the
less frequent direction within dyads (de Waal, 1977). The
term “reversal” refers to those episodes below the diagonal
of a matrix, and is usually expressed as the percentage of
the total number of interactions (e.g., Isbell & Pruetz,
1998). The procedure for calculating the rank of individ-
uals on an interval scale followed Singh et al (2003).

The agonistic ratio for each individual was calcula-
ted in terms of the equation: [n (agonistic interactions
won+1)]/[n (agonistic interactions lost)+1]](Newton-
Fisher, 2004). To test for differences across seasons, we
compared slopes of two linear regressions between
agonistic ratios of adult females and their ordinal domin-
ance ranking, and between agonistic ratios of females
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and their rank difference (Zar, 1999). Spearman rank
correlation tests (R;) were used to examine the
relationship between dominance ranks of adult females
and age. Multiple linear regression tests were used to
check the relationship between immature rank and age,
between the agonistic ratio of the adult male to adult
females and their ranks, and between the agonistic ratio
of females and rank distance. The Kolmogorov-Smirnov
test was used to examine differences in the agonistic
ratio of the adult male to adult females between the two
seasons. The Wilcoxon Matched Pairs Test was used to
investigate differences in agonistic frequencies of adult
females between both seasons. The relationship between
parents and their offspring was tested using One-way
ANOVA and t-tests. The index of similarity can be
calculated using the method of clustering (Lehner, 1979).
A single-link cluster analysis dendrogram was construct-
ed for affiliative similarities. All tests were two-tailed
and significance was set at P<0.05.

RESULTS

Dominance hierarchy

The dominance matrix was constructed from 717
agonistic interactions and revealed a linear hierarchy
among adults in the mating season (Kendall’s coefficient:
K=1, P=0.002) (Table 1) and a reversal of 10.7%
indicating an unstable relationship. Similarly, there was
also a linear hierarchy among adults in the birth season
(K=1, P<0.01), and the reversal of 9.3% suggested an
unstable relationship (Table 2). David’s score indicated
that the adult male was dominant to adult females, and
adult females to immature animals. Interval scales of
female ranks changed with season (Figure 1). Two pairs
of adult females (Fd vs. Fq, and Fa vs. Fc) changed rank
across seasons, but others consistently occupied higher
positions in both seasons (Table 1, Table 2). The ranks of
adult females were not correlated with age in either
season (R,<0.09, n=6, P>0.05 for both).

There was a significant linear hierarchy of adults in
the whole period (K=1, P<0.01), with a reversal of
10.3%, thus implying an unstable relationship (Table 3).
The interval scale of ranks for all monkeys is displayed
in Figure 2. Immature ranks were correlated with age
(R’=0.96, F, s=123.2, P<0.001).

Relationships between the adult male and adult
females
The overall mean frequency of agonistic behaviour
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between the male and females was 0.12 interactions per
hour (MS: 0.13 vs. BS: 0.12). The agonistic ratio of the
male towards females did not differ between seasons
(MS: 12.2 vs. BS: 13.3, K-S test: Z=1.16, P=0.14). No
relationship was found between the agonistic ratio and
female ordinal ranking for both seasons (MS: R’=0.63,
F,,=6.81, P=0.059; BS: R"=0.39, F, +=2.57, P=0.18).

Table 1 Frequencies of agonistic interactions among adults
during the mating period based on dominance matrix

Recipient
Actor > DS
Mk Fb Fi Fd Fq Fc Fa

Mk — 20 9 25 19 70 25 168 15.6
Fb 5 - 2 1 18 46 14 86 13.9
Fi* 3 - 3 21 85 47 159 49
Fd* 5 1 — 9 67 93 175 -0.6
Fq* 3 2 7 5 — 20 16 53 52
F¢* 1 8 7 — 30 46 —139
Fa 2 8 3 17 - 30 -16.6

> 17 22 21 50 77 305 225 717

“Individuals were estrous in the mating season, estimated by mating
activities, and further corroborated by newborns in 1999. The descending
order for onset of female estrus is as follows: Fi>Fq>Fd>Fc, in which Fc
was in estrus before being transferred from Kunming Zoo. DS: David’s
score; Mk: Male adult; Fx: Female adults (x represents different individuals).

Table 2 Frequencies of agonistic interactions for adults

during the birth period
Recipient
Actor > DS
Mk  Fb Fi Fq Fd Fa Fc

Mk — 7 5 9 9 5 44 79 163
Fb — 1 9 1 8 22 41 126
Fi 1 — 27 5 30 38 101 49
Fq 4 2 8 — 2 6 10 32 0.6
Fd 2 1 1 — 2 20 26 23
Fa 2 5 — 12 19 -11.5
Fc 2 — 2 201

> 7 9 17 51 17 53 146 300

DS: David’s score; Mk: Male adult; Fx: Female adults (x represents different

individuals).

Relationships among adult females

There was a significant linear hierarchy among
females in each season (K=1, P=0.022 for both) with a
reversal of 9.2% in MS and 8.1% in BS. In the social unit,
females were tolerant of each other. The overall mean
frequency of agonistic behavior among females was 0.13
interactions per hour over the whole study period. No
difference was found in inter-female agonistic rates
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between seasons (MS: 0.15 vs. BS: 0.12 interactions per
hour, Wilcoxon matched pairs test: Z=0.45, P=0.65).
There was a positive correlation between the agonistic
ratio of each female and its ordinal ranking in both
seasons (R2>0.73, Fy >11.62, P<0.05 for both), and
no difference was found in slopes from linear
regressions between two seasons (1=1.47, foos (1),
¢=1.86, P>0.05). A positive correlation was found
between the agonistic ratio of females and ordinal
rank differences in both seasons (R2>0.85, F, >18.5,
P<0.05 for both), and the slope of the linear
regression was significantly larger in MS than in BS
(t:7.70, 10.001 ), 6:5.96, P<0001)

Bi-directionality of aggression

The DII suggested that aggression was primarily
unidirectional. A total of 105 interactions were directed
in the less common direction within dyads (DI1=10.3%),
in which DII was 10.7% in MS and 9.3% in BS. DIIs
(8.1%—11.3%) were consistent in each period and across
each partner (Table 4).

Relationships between parents and offspring

The agonistic frequency for father-to-offspring
correlated positively with offspring age (R’=0.84,
F13=15.32, P=0.03), but not for immature animals less

than 2 years old (LSD: P>0.05 for both). In contrast, the
agonistic frequency for mother-to-offspring did not
correlate with offspring age (R’=0.17, F 15=0.68, P=0.48)
and shifted with age (F34=35.98, P<0.001): mothers
displayed aggression towards 2-year-old offspring more
frequently than 1-year-old animals (LSD: P<0.01), and
3-year-old offspring more than 4-year-old animals (LSD:
P<0.05).

The father did not direct more agonisms towards his
infants than mothers did (0.01 vs. 0.03 times/h, #,53=1.70,
P=0.09). Mothers directed more agonisms towards their
2-year-old offspring than the father did (0.20 vs. 0.11
times/h, £,43=2.30, P=0.02), but the father directed more
agonisms towards=3-year-old offspring than mothers
did (0.94 vs. 0. 27 times/hour, t3,=4.40, P<0.001 for 3-
year-old; 2.33 vs. 0.06 times/hour, #35=2.04, P=0.045
for 4-year-old). Moreover, the father directed more
agonisms towards his offspring during MS than BS
(0.90 vs 0.32 times/ h, t4,4=2.71, P=0.007), particularly
towards=3-year-old offspring (3-year-old: #44=3.24,
P=0.0015; 4-year-old: t;;=2.27, P=0.026); this was not
true for mothers (0.11 vs 0.17 times/hour, #3;6=1.66,
P=0.10).

| 0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6 1.8 2.0 22 I Scale score
—] ] | - s

Fa Fc Fq Fd Fi Fb Mk

| | — E——

Fe Fa Fd Fq Fi Fb Mk

Figure 1 Dominance rank of adult individuals on an interval scale in the mating season (MS) and birth season (BS)

Calculation of individuals’ ranks on an interval scale refers to the method presented by Singh et al (2003).

Table 3 Frequencies of agonistic interactions for all individuals over the whole study period

Recipient
Actor > DS
Fb Fi Fd Fq Fc Fa 4i 3b 3q 2i 2q 1d Ib

Mk — 27 14 34 28 114 30 864 444 249 36 22 3 0 1865 80.4
Fb 5 - 3 2 27 68 22 8 14 21 65 47 7 52 341 73.5
Fi 4 - 8 48 123 77 6 70 49 21 90 40 8 544 57.3
Fd 7 2 — 10 87 95 10 24 40 198 72 57 7 609 41.2
Fq 7 4 15 7 — 30 22 96 200 62 245 140 89 21 938 383
Fc 1 8 7 - 32 173 330 402 162 96 63 7 1281 17.0
Fa 4 8 8 29 - 104 273 243 164 118 8 1 960 16.8
4i 1 1 12 2 8 — 162 252 33 49 12 13 545 -12.5
3b 5 35 7 13 65 - 163 22 20 4 341 -16.4
3q 4 4 4 12 102 75 - 36 45 6 5 297 -23.4
2i 6 1 3 — 10 24 6 50 —55.3
2q 1 3 2 3 5 — 15 12 41 —55.4
ly 2 2 2 — 6 12 -73.6
Ib 1 — 1 —-101.3
> 24 36 47 77 181 468 311 1433 1594 1487 990 709 326 142 7825

DS: David’s score; Mk: Male adult; Fx: Female adults (x represents different individuals); Immatures are named as ages and mother’s identity ( e.g., Ib: the infant of Fb).
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Figure 2 Rank of all individuals on an interval scale during the whole study period

Calculation of individuals’ ranks on an interval scale refers to the method presented by Singh et al (2003).

Table 4 Directional inconsistency index of agonistic interactions among adult monkeys during the study period

20/08/98-31/12/98

01/01/99-10/03/99 20/08/98—10/03/99

77/717 (10.7%)
17/185 (9.2%)

All partner combination
Male-female dyads

Female-female dyads 60/532 (11.3%)

105/1017 (10.3%)
24/271 (8.9%)

28/300 (9.3%)
7/86 (8.1%)

21/214 (9.8%) 81/746 (10.9%)

Affiliative interactions

There were three clusters in the OMU (Figure 3).
Three nursing mothers, the adult male and two adult
females from KZ formed a loose association in cluster
A. Cluster B was comprised of one adult female and her
offspring. Three juveniles formed cluster C. The stron-
gest social bond appeared in one mother-infant pair at
the 268 level of affiliative similarity, and the next were
two mother-2-year-old-juvenile and one mother-
yearling pairs at the 255 level of similarity. Affiliative
bonds among females were clearly differentiated. Adult
females (Fa and Fc) with the lowest ranks in the adult
class tended to stay together, and associate with the
adult male through the adult female Fi. Because
mothers followed their yearlings around, offspring less
than two years of age were seldom left alone. They
were also often found near their tolerant father. An
adult female (Fd) with a crippled left leg was unable to
follow her yearlings, and this may have resulted in a
smaller level of similarity. The three>2--year-old juve-
niles were more isolated than the<<2-year-old ones bec-
ause their father directed more agonism towards them.

60
80
100
120
140
160 A B C
180
200
220
240

260

280 —L [ ] -

Fi 2i Mk Fa Fc Fb Ib Fd 1d Fq 2q 3b 3q 4i
Recipient

Similarity

Figure 3 Dendrogram based on affiliation among members of
a captive Rhinopithecus bieti OMU
Calculation of similarity index refers to the method reported by Lehner (1979).
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DISCUSSION

Dominance hierarchy

Adult female R. bieti displayed an average of 0.13
interactions per hour and this rate is at the low end when
compared with other colobines (1.20 for P. thomasi:
Sterck & Steenbeek, 1997; 0.6 for C. polykomos, 0.19 for
Procolobus badius; Korstjens et al, 2002; 0.25 for T.
phayrei: Koenig et al, 2004; and 0.22 displacement rate
per hour for R. roxellana: He et al, 2013). A previous
study of captive R. bieti, consisting of three adults, one
sub-adult and five immatures, reported an overall mean
frequency of agonistic interactions per hour of 0.30 for
individuals over one year of age (Griiter, 2004). This
inconsistency in agonistic rate may be the result of two
possibilities. First, we did not collect data on agonisms
during feeding. Second, it might relate to differences in
the age-sex composition of subjects between the two
studies. In our study, 87% of agonisms were made by
immature animals, thus the higher rate might result from
the higher proportion of immatures (67%) in the previous
study. R. bieti feed mainly on evenly distributed lichens
in its northern range (Kirkpatrick et al, 1998), but their
primary foods, such as deciduous broadleaves (Ding &
Zhao, 2004) and bamboo leaves (Yang & Zhao, 2001),
are patchily distributed in its southern range. If food
competition plays an important role in inter-female
interactions, the agonistic rate may be higher in its
northern range than southern range; however, further
research is needed to clarify this.

Agonistic behaviour might be more common in
captive than wild animals, but appears to follow a linear
hierarchy in guenons (Cercopithecus diana, C. solatus, C.
mitis) and patas monkeys (Erythrocebus patas) in both
captivity and the wild (see Lemasson et al, 2006). We
found a linear dominance hierarchy among adult females
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in our R. bieti, as has been reported in other colobines
(Borries et al, 1991; Koenig, 2000; Koenig et al, 2004)
1998).
Consequently, our study does not support the idea that

and in patas monkeys (Isbell & Pruetz,

lower agonistic rates coincide with an indiscernible
hierarchy (Isbell & Young, 2002). The consensus is that
the dominance hierarchy between females in group-
living primates relates to factors such as resource
competition and kinship. The linear hierarchy of female
R. bieti outside of feeding contexts may reflect scramble
competition among females in the wild. Here, the adult
male was dominant to adult females and adult females to
immatures, consistent with reports from wild R.
roxellana (Li et al, 2006). Dominance ranks of adult
female R. bieti are not based on age, in contrast to other
colobines (Borries et al, 1991; Koenig et al, 2004).
Colobine daughters do not acquire ranks similar to those
of their mothers, unlike in most cercopithecines (Melnick
& Pearl, 1987). Juvenile hanuman langur females rise in
rank above older and even larger females (Borries et al,
1991). During this study, however, all juvenile females
may have been too young (3—4 years) to enter higher
rank, and were subordinate to adult females. These
young females may begin to rise in rank at an age of five
or even six years, if they rise in rank as in hanuman
langurs (Borries et al, 1991; Koenig, 2000).

Hierarchy style

A previous study of M.
quantitative indices to identify dominance style of a
species (Berman et al, 2004). The DII of a typically

despotic species ranges from 0.7% to 4.1%, and one

thibetana provided

value of 9.0% is available for a relaxed species. The
conciliatory tendency ranges from 5% to 15% for
despotic species, and from 35% to 48% for relaxed
species. Notably, comparable values are for all adults
were combined together (Berman et al, 2004). In our
study, the DII of 10.3% is larger than 9.0%, thus within
the range of DIIs for relaxed species. The dominance
style hypothesis predicts that a more relaxed style is
correlated with high levels of post-conflict reconciliation
(de Waal & Luttrell, 1989). The conciliatory tendency is
54.5% for captive R. bieti monkeys over 1-year-old age
(Griiter, 2004), 51.3% for all captive adult spectacled leaf
monkeys (Arnold & Barton, 2001), and 40% for captive
R. roxellana (Ren et al, 1991). Moreover, bidirectional
aggression of captive R. bieti is common (28% of all
conflicts) (Griiter, 2004), and many wild R. bieti usually
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forage in one tree with rare agonisms (Kirkpatrick et al,
1998). Therefore, R. bieti is likely a relaxed or tolerant
species.

Relationships between the male and adult females

The similar agonistic ratio of the adult male towards
adult female R. bieti showed that the male directed
unbiased agonisms towards females in MS and BS.
Moreover, the lack of correlation between agonistic
ratios of the male towards females and rank suggests that
the male did not direct more agonism towards low-
ranking females than high-ranking ones. Therefore,
dominance rank appears to not play a role in maintaining
the relationship between the adult male and adult females
in OMUs, that is, the adult male does not sustain
relationships with adult females in terms of their domi-
nance rank.

Inter-female relationships in OMUs

Dominance gradient, rather than linearity, is consi-
dered the key element of a hierarchy because it dictates
the degree to which one female can exert a negative
effect on another (Henzi & Barrett, 1999). A steep
gradient increases the extent of power differential
between high- and low-ranking females, allowing the
former to exert a strong negative influence on the latter
(Barrett et al, 2002). The positive correlation between the
agonistic ratio of adult females and their rank indicates
that the degree to which one female influences others
declined with a decrease in their rank. A similar positive
correlation between the agonistic ratio of adult females
and their rank differential indicates that they directed less
negative behaviour to closely ranked females than
distantly ranked one. These patterns mean that domi-
nance rank should play an important role in relationships
among adult females in the OMU of R. bieti. A steeper
gradient in MS implied a strong power of high-ranking
females to exert negative effects on low-ranking ones as
compared with that in BS, which implies that dominance
rank may affect the mating success of females, as in R.
roxellana (He et al, 2013).

Relationships between parents and offspring
Extra-group males are common in many colobines,
which typically show male-biased dispersal (Newton &
Dunbar, 1994), but extra-group females do occur in some
species (P. senex: Rudran, 1973; R. roxellana: Zhang et
al, 2008b) and at times in N. larvatus, T. auratus, T.
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johnii and P. thomasi (Yeager & Kool, 2000). Young
males in some primate species encounter increased rates
of aggression from resident adult males, which has been
assumed to be the cause of their eventual emigration
(Struhsaker & Leland, 1987). However, male lowe’s
guenons living in one-male groups emigrate voluntarily
if their father is still present in the group when they
mature (Bourliére et al, 1970). Nulliparous females may
disperse for inbreeding avoidance when they mature and
their father still has a breeding status (Clutton-Brock,
1989). In our study, continual agonisms of a father
towards older offspring of both sexes suggest they must
emigrate from their natal group and their father. The
intensity of agonism of the father towards his offspring
escalated with age, but this was not true for mothers,
suggesting that natal dispersal of immature animals is
caused by their father rather than their mother, at least
when the father still resides in the group. If an adult male
enters a bisexual group and drives out the previous
breeding male, individuals are presumably expelled by
males that are not their fathers (Pusey & Packer, 1987).
Female R. bieti become mature at 4.5 years of age,
and males at about 6.5—7.0 years of age (Zou, 2002). The
father directed his=3-year-old
offspring more frequently than<3-year-old ones, sugges-

agonisms towards
ting that individuals of both sexes begin emigration at
puberty (Pusey & Packer, 1987). In addition, the father
evicted his=3-year-old of offspring more frequently in
MS than BS, and accordingly we predict that natal
dispersal occurs before or during MS.

Mothers directed agonisms towards 2-year-old
offspring more frequently than 1-year-old ones because

mothers began weaning their offspring at 1.5 years of age.

In wild-provisioned and captive populations of hanuman
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