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Nocturnal Sleeping Habits of the Yunnan Snub-Nosed Monkey in Xiangguqing, China
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Weather, predation, and social organization are hypothesized to influence sleeping habits of nonhuman
primates at night. To investigate how the Yunnan snub-nosed monkey (Rhinopithecus bieti) prepares
for and behaves during cold nights in their harsh alpine forest habitat (above 3,000 m), we studied the
sleeping habits of the 171 one-male units (OMU) in one group for 12 months at Xiangguqing in the
Baimaxueshan Nature Reserve, China. It took 20.2 min from the time the study group entered a
sleeping site until they fell asleep. This duration was consistent over seasons. On average, sleeping time
was 11.5 hr per night over the year. Seasonal mean lengths of sleeping time varied significantly,
however, and ranged from 10 to 13 hr per night, correlating with night length. Two sleeping styles were
distinguishable: solitary sleeping and huddled sleeping. That adult males in OMUs principally slept
alone. This is likely to reflect night-time guarding behavior. Female–juvenile and female–infant dyadic
huddles were the most prevalent sleeping unit (42% of all observed data), and the monkeys employed
female-biased huddling during nocturnal sleep. Huddled sleeping group size showed significant
seasonal variation, with the largest huddle (eight individuals) occurring in winter. Climate and social
organization profoundly influence the nocturnal sleeping habits of R. bieti, while huddling behavior
may help shield animals from cold nights and provide additional protection against predators. Am. J.
Primatol. 72:1092–1099, 2010. r 2010 Wiley-Liss, Inc.
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INTRODUCTION

Primate sleeping habits are highly variable and
accommodate the survival, safety, and sleep quality
of individuals [Altmann, 1980]. Many factors may
relate to sleeping habits in primates. Climate and
weather [Aquino & Encarnación, 1986], i.e. tempera-
ture, day length, rain, and snow, affect the sleep
habits of temperate primates for they must cope with
low temperatures and food scarcity in winter. For
example, Franc-ois’ Langurs (Trachypithecus franc-oisi)
entered sleeping sites earlier in winter and spring
than in summer and autumn in response to seasonal
changes in photoperiod [Zhou et al., 2009]. In
addition to climatic factors, predator avoidance is
likely a major influence [Anderson, 1998; Di Bitetti
et al., 2000; Zhang, 1995]. Animals’ behavior should
minimize their vulnerability to predation [Anderson,
1984; Reichard, 1998]. Studies of individual patterns
of night-time sleeping behavior are also related to
social organization, and the nature of social relation-
ships among individuals [Di Bitetti et al., 2000].
These social relationships may be less frequently or
less clearly expressed during daytime activities
[Altmann, 1980]. Investigating the sleeping behavior
of diurnal primates also contributes to understand-
ing social stability at night [Takahashi, 1997]. Other

factors that may influence sleeping site location include
proximity to major feeding sites [Chapman et al., 1989;
Huang et al., 2003; von Hippel, 1998; Zhou et al., 2009],
parasite avoidance [Hausfater & Maede, 1982; Li et al.,
2006], comfort [Anderson, 1984, 1998; Liu & Zhao,
2004], and ranging patterns [Chapman, 1989; Cui &
Xiao, 2006; Heymann, 1995; Ramirez, 1989].

Our study investigated sleeping behavior in the
Yunnan snub-nosed monkey (Rhinopithecus bieti), a
rare colobine inhabiting high-altitude temperate
forests (3,000–4,500 m above sea level) in the Hengduan
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Mountains of Northwest Yunnan and Southeast
Tibet [Long et al., 1994, Xiang et al., 2007]. This
species, the highest-altitude primate in the world,
faces significant environmental pressure through
low temperature, especially at night. Previous
studies, which focused on choice of sleeping sites on
a macro- and microhabitat basis, have shown that
R. bieti is highly selective about night sleeping sites,
favoring conifer forests, and mixed deciduous/conifer
forests [Cui & Xiao, 2006; Li et al., 2006; Liu & Zhao,
2004; Xiang, 2005]. R. bieti live in a nested social
system in which one-male units (OMUs) and all-male
units (AMUs) associate to form larger groups
[Grueter & van Schaik, 2010; Kirkpatrick et al.,
1998]. However, previous studies have not provided
data on sleeping behavior per se, i.e. activities
performed at the sleeping sites and arrangement of
sleeping clusters. Although R. bieti has been ob-
served to frequently form huddling clusters in the
daytime [Kirkpatrick, 1996; Ren et al., 2008], it is not
known whether this behavior occurs at night and
whether this relates to thermoregulation or social
cohesion and stability [Hanya et al., 2007; Wada
et al., 2007].

Our study aimed to determine the effects of
weather and seasonality, predator pressure, and
social cohesion/stability on the sleeping habits of
R. bieti. We evaluated three sets of hypotheses
related to these factors: (1) Monkeys will sleep for
longer periods in winter, depart from sleeping sites
later in the morning after snowy or rainy nights, and
huddle in larger groups as air temperature de-
creases. (2) Vulnerable individuals such as females
with an infant will enter the sleeping tree first to find
a safe place of refuge or shelter. (3) Individuals in an
OMU are expected to huddle together, with female–
juvenile and female–infant dyads being the most
frequent. Adult males are expected to sleep alone to
keep watch and potentially drive off non-OMU
members.

METHODS

Study Site and Climate

We conducted the study between June 2008 and
May 2009 at Xiangguqing [271370N, 991220E], which is
in the Samage Forest in the Baimaxueshan National
Nature Reserve, PRC (Fig. 1). The research area covers
almost 90 km2 of subtropical to temperate forest,
including previously clear-cut areas and cattle-grazing
land. Forest cover is a mosaic of mixed coniferous
and deciduous broadleaf forest (2,900–3,600 m), sub-
alpine fir forest (Abies georgei, 3,500–4,000 m), mon-
tane sclerophyllous oak forest (Quercus pannosa,
3,200–3,500 m), subtropical evergreen broadleaf forest
(Cyclobalanopisis spp., 2,500–3,000 m), and pine forest
(Pinus yunnanensis, 2,500–3,100 m). Seasons are clas-
sified as spring (March–May), summer (June–August),

autumn (September–November), and winter (December–
February) [Grueter et al., 2009; Li et al., 2008]. Some
diurnal and nocturnal raptors are potential preda-
tors of R. bieti at Baimaxueshan Nature Reserve [Bai
et al., 1987]. Infants and immature individuals are
particularly vulnerable. Although predators of R. bieti
are now rarely found in the study area [Kirkpatrick,
1996; Li et al., 2006], Cui [2003] reported a buzzard
attempting to hunt juvenile R. bieti.

The study area is characterized by distinct
seasonality in precipitation and temperature. We
collected detailed climatic data at the study camp
(located at a height of 3,038 m), within the core area
of the primate group’s home range. Annual rainfall
was 1,371 mm over the course of the study, with 70%
of the rain falling between June and October 2008
(Fig. 2). There was a dry period from November 2008
to January 2009, with only 11 mm of precipitation in
total. Most snowfalls occurred at the end of February
2009, during which time snow accumulated to depths
of 50 cm at elevations above 3,000 m.

The mean annual temperature was 9.81C.
Temperatures dropped to �9.31C in January 2009
and reached 27.71C in July 2008. The month with the
highest average temperature (16.21C) was July, and
the month with the lowest average temperature
(2.21C) was January (Fig. 2). There were marked
day–night fluctuations in temperature, especially
during winter (mean range 5 15.71C).

Study Group and Data Collection

We studied sleeping habits for a single R. bieti
group at Xiangguqing. The group has been well
habituated since 2006 and could be approached to
20–30 m almost every day. We classified individuals
into four age/sex categories based on their body size
and pelage color: (1) Adult males were the largest
individuals in the group, with long white hair on
their flanks obscuring ischial callosities, a strong
contrast of black-and-white hair, hair on the top of
the head falling forward, and a long and bushy tail.
(2) Adult females had a body length r1/2 adult
males, possessed long black nipples, and were often
with infants. (3) Juveniles had backs and limbs that
were light gray, and their tail hair was short. (4)
Infants were the smallest individuals, had predomi-
nantly gray–white pelage, and were often suckling.

We sampled sleeping behavior for five full nights
each month from June 2008 to May 2009. We
followed the group on each observation day from
the time it left a sleeping site in the morning until it
entered a new sleeping site at dusk. We camped
overnight at a distance of about 20 m to maximize
data collected but minimize disturbance. We used
8� 40 binoculars and a flashlight to record sleeping
behavior of the group at night. The group had
become accustomed to a flashlight and did not flee
before the onset of data collection.
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We recorded pre-sleeping time, including the
period from when the first monkey entered the
sleeping site to when no member of the entire group
moved or vocalized. We also recorded the sequence in
which members of each OMU entered the sleeping
trees. We defined sleeping time as the interval

between when the entire group had settled at night
until 450% of group members had left the sleeping
site the following morning. We recorded the time and
sequence of group members stirring the following
morning. We defined waking time as when the first
individual left its sleeping tree until more than 50%

Fig. 1. Map of natural groups of Rhinopithecus bieti and the study site.
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Fig. 2. Mean monthly temperature and monthly precipitation at Xiangguqing (3,038 m) from June 2008 to May 2009.
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of group members had left the sleeping site. Time of
darkness and daybreak were recorded daily to
calculate night length.

As the group often sleeps over a relatively large
area of roughly 15,000 m2 at night [Li et al., 2006],
only 2–4 OMUs could be observed each night for the
collection of sleeping behavior data (e.g. sleep style
and huddle size). Additionally, as AMUs settle about
50 m away from OMUs and rarely exhibit group or
huddled sleeping, data on their huddles were not
included in this study. Solitary sleeping meant the
individual slept separately from others, whereas
huddling consisted of two or more individuals
embracing each other either belly-to-belly or belly-
to-back. The number of huddling clusters and
solitary individuals sleeping alone were counted
after the whole group fell asleep (i.e. when move-
ment ceased and the whole group became quiet). We
also recorded whether solitary sleeping and huddling
clusters changed in terms of size and composition
throughout the season. This group never changed
sleep configuration over the course of the night [Li,
unpublished data].

Data Analysis

We performed statistical tests using SPSS 12.0.
All statistical analyses were two-tailed and the alpha
level was set at 0.05. We used descriptive statistics to
examine the distribution of huddle size and solitary
sleeping among the four age/sex categories. We used
a one-way ANOVA test to examine differences
among pre-sleeping time, waking time, and sleeping
time across seasons. We used non-parametric corre-
lation analysis to measure the relationship between
sleeping time and the length of night, as well as the
correlation between huddling size and unit size. We
tested differences in the sequence of entering the
sleeping site via the w2 test, and the sequence of
leaving sleeping site via the Kruskal–Wallis test. We
used the w2 test to determine whether there was a
preference for solitary sleeping or huddling by
age–sex category. We used the Mann–Whitney U
test to compare the huddle size in different seasons.

All research protocols of this study were re-
viewed and approved by the Institute of Zoology,

Chinese Academy of Sciences. Our research complied
with protocols approved by the animal care commit-
tees of the Wildlife Protection Society of China. This
study was also permitted by the regulatory require-
ments of The Baimaxueshan National Nature Re-
serve, China, where the study was conducted, and
adhered to the American Society of Primatologists
principles for the ethical treatment of nonhuman
primates.

RESULTS

Pre-sleeping Behavior

The study group entered its nocturnal sleeping
site when the sun set each day. We recorded 60 pre-
sleeping behavioral bouts in total. On average, the
group entered a sleeping site and stopped moving by
19:29 (range: 18:29–20:36, N 5 60) each day, 27 min
before dark (range: �5 to 76 min, N 5 60). It took an
average of 20.2 min (range: 10–36 min, N 5 60) for
the whole group to cease movement and vocalization.
Pre-sleeping time did not vary significantly over the
four seasons (one-way ANOVA test: F4,60 5 1.127,
P 5 0.346; Table I).

Individuals usually entered sleeping trees one by
one. Juveniles and infants vocalized before the whole
group became quiet. Over the 60 nights of observa-
tion, adult females and mother–infant dyads entered
sleeping trees before adult males and juveniles (adult
female N 5 56; adult female with an infant N 5 107;
juvenile N 5 17; w2 5 67.90, df 5 2, Po0.01). Adult
males of OMUs were always the last to enter the
sleeping site tree (N 5 180).

Sleeping Time

The group spent an average of 11.5 hr per night
(range: 9.5–15.0 hr, N 5 60) sleeping throughout the
study period (Table I). Sleeping time varied signifi-
cantly over the four seasons (one-way ANOVA test:
F4,60 5 54.58, Po0.01; Table I). The average sleeping
time was 10.1 hr (range: 9.5–10.6) in summer, the
shortest seasonal average for the year. The longest
seasonal average was 13.0 hr (range: 12.4–15.0) in
winter (Table I). Variation in sleeping time were
positively correlated with the length of night

TABLE I. The Duration of Pre-sleep Time, Sleep Time, and Waking Time of Rhinopithecus bieti in Different
Seasons (mean7SD)

Pre-sleeping time (min) Sleeping time (hr) Waking time (min)

Seasons Mean7SD Range Mean7SD Range Mean7SD Range N

Spring 20.275.6 10–32 11.070.9 9.8–12.2 12.673.8 5–18 15
Summer 20.978.3 11–36 10.170.3 9.5–10.6 11.972.9 5–15 15
Autumn 17.973.7 12–27 12.070.6 10.7–12.8 13.374.8 5–20 15
Winter 21.775.6 13–34 13.070.7 12.4–15.0 11.673.5 6–20 15
Mean 20.276.0 10–36 11.571.3 9.5–15.0 12.373.8 5–20 60
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throughout the year (rs 5 0.833, Po0.01, N 5 60), as
the group did not stir before daybreak.

Sleeping Time Influenced by Weather

The presence of snow significantly influenced the
length of sleeping time and delayed departure from
the sleeping site. In February 2009, for example, the
group slept 12.7 hr (N 5 3) during nights with no
snow yet slept 15.1 hr (N 5 2) during nights with
snow (Mann–Whitney U tests: Z3,2 5�2.121, Po0.05).
In contrast to snow, rainfall did not influence
sleeping duration (Mann–Whitney U tests: Z7,8 5 1.462,
P 5 0.144).

Waking from Night Sleep

On average, the group left the sleeping site at
07:08 (range: 06:06–09:39, N 5 60) each day, 27 min
after daybreak (range: �10 to 132 min, N 5 60). It
took 12.3 min (range: 5–20 min) for the whole group
to wake and leave the sleeping site (Table I). Waking
(from night sleep) time was consistent across seasons
(one-way ANOVA test: F4,60 5 0.583, P 5 0.629).

We had 216 records of the first individuals in
OMUs to leave sleeping trees. The sequence of site
departure was different than the entering sequence,
with individuals of all age–sex categories observed
leaving the sleeping site first (adult males N 5 42;
adult females N 5 78; female–infant dyads N 5 40;
juveniles N 5 56; w2 5 3.000, df 5 3, P 5 0.392).

Solitary Sleeping and Size of Huddles

During the study period, we made 1,385 indivi-
dual records based on the 171 OMUs. Individual
monkeys in each OMU were then recorded an
average of eight times. Most OMUs (N 5 163) shared
one sleeping tree at the site, with only eight recorded
instances of members of the same OMU sleeping in
adjacent trees.

At night, some individuals slept alone and some
slept in a huddle. In total, we observed 582 solitary and
huddling clusters during the study period (Table II).
There were 102 records of solitary sleepers, and these
records showed seasonal variation, (w2 5 7.25, df 5 3,
P 5 0.064). The mean group size of a huddling cluster
was two (N 5 480), with the largest huddle of eight
individuals observed in winter (N 5 3, Table II). The

huddling together of an entire OMU was also observed
only in winter (N 5 6). Although a large huddle could
be formed by a large OMU at night (rs 5 0.352,
Po0.01, N 5 171), OMU size did not determine the
night huddling size since dyadic huddles dominated in
most cases (Table II). Huddling during sleeping
occurred more often in winter than the other three
seasons (Mann–Whitney U tests: Z113,135 5�2.405,
Po0.05 for spring; Z113,174 5�3.726, Po0.01 for
summer; Z113,160 5�4.225, Po0.01 for autumn).

Age–Sex Categories and Sleeping
Arrangements

Among the 102 records of solitary sleeping, 91
were adult males, 6 were adult females, and 5 were
juveniles. Infants were never observed sleeping
alone. Adult males slept alone significantly more
than any other age/sex category (w2 5 139.46, df 5 2,
Po0.01).

Thirteen huddle compositions were recorded
according to the age/sex classes of the group members
(Table III). There was a significant difference in the
frequency of the 13 types of huddle by the study group
(w2 5 377.24, df 5 12, Po0.01), with most huddles
formed by adult females and immature individuals
(Mann–Whitney U test: Z2,11 5 2.171, Po0.05).
Although juveniles in the same OMU huddled

TABLE II. Distribution of Lone Sleepers and Huddling Group Sizes of Rhinopithecus bieti at Xiangguqing

Lone sleeping No. of individuals in the huddle

1 2 3 4 5 6 7 8 Mean per huddle Total groups observed

Spring 24 61 30 14 2 2 2 0 2.43 135
Summer 32 87 45 10 0 0 0 0 2.19 174
Autumn 31 86 36 6 1 0 0 0 2.13 160
Winter 15 43 23 13 4 5 7 3 3.05 113
Total 102 277 134 43 7 7 9 3 2.38 582

TABLE III. Huddling Combinations and Percentage
Among Four Age/Sex Categories of Rhinopithecus
bieti (N 5 480 huddles)

Code Age/sex categorya
Observed
value (%)

1 Female1Juvenile 27
2 Female1Infant 16
3 Juvenile1Juvenile 14
4 Female1Juvenile1Infant 9
5 Female1Female1Infant 7
6 Male1Female1Juvenile 5
7 Female1Female1Juvenile1Infant 4
8 Female1Female1Juvenile 4
9 Male1Juvenile 4
10 Male1Female1Juvenile1Infant 3
11 Male1Female 3
12 Male1Female1Infant 3
13 Female1Female 1
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together at night (N 5 67, 14% of 480 records), adults
seldom huddled at night (5% of 480 records).

DISCUSSION

Sleep Behavior and Weather

As a diurnal primate residing in temperate
forests, the Yunnan snub-nosed monkey (Rhino-
pithecus bieti) is profoundly influenced by seasonality
in most aspects of its routine behavior, including
species-specific sleeping habits. Within their habitat,
day length and night length display significant
seasonal variation [Ren et al., 2009], which in turn
influences nocturnal sleeping time. We found that
R. bieti slept for a longer night-time period during
winter and least in summer. In addition, weather
may influence R. bieti sleeping time, with heavy rain
and snow slowing down the speed of the group’s
movements to sleeping locations [Anderson, 1984]
and poor weather delaying morning departure from
sleeping sites [Ren et al., 2009]. We found that only
the presence of snow-delayed sleeping site departure,
with other weather (e.g. rain, sunshine, and over-
cast) having no apparent influence. As heavy snow-
falls are always accompanied by cold temperatures,
the prolonged sleep time may be a strategy of R. bieti
to conserve energy in a low-temperature environ-
ment [Schoener, 1971]. This suggests that the harsh
winter conditions prevalent in R. bieti habitat
require the development of specific behavioral
strategies to overcome the cold. Furthermore, our
R. bieti study showed that non-seasonal variation in
time spent entering and leaving the night sleeping
sites was regulated by darkness and daybreak.
Although similar results have been observed in other
primate species, such as black crested gibbons
(Nomascus concolor) [Fan & Jiang, 2008], retiring
time can also be determined by seasonal photoperiod,
as observed in Franc-ois’ langurs (T. franc-oisi) [Zhou
et al., 2009].

Sleeping in a huddle may function as a strategy
to combat low temperature at night [Anderson, 1984]
by reducing the exposed surface area of the body
[Altmann, 1980; Anderson & McGrew, 1984; Ogawa
& Takahashi, 2003; Reichard, 1998; Southwick et al.,
1965; Takahashi, 1997; Wada & Tokida, 1985]. Rest
huddles during daytime in cold weather have been
observed in Presbytis entellus [Bishop, 1979] and
R. bieti [Kirkpatrick et al., 1998], and we found that
R. bieti also formed and increased the number and
size of sleeping huddles during cold nights. In
addition, while we did not measure body heat loss
of R. bieti, studies on Japanese macaques (Macaca
fuscata) have shown that sleeping huddles reduce
body heat loss during heavy snowfall [Nakagawa,
1989]. Although low temperature did not correlate
with rest huddles in R. bieti in the daytime
[Kirkpatrick et al., 1998], it positively correlated
with night sleeping huddles. These results suggest

that huddled sleeping can help shield R. bieti from
low temperature at night.

Sleep Behavior and Predation Avoidance

Although predation pressure on R. bieti is low at
the Samage Forest now [Li et al., 2006], past
predation pressure may have helped shape present
sleeping behavior for this species. Differences in
approach to a sleeping site can be a reflection of
predator threat and social pressure [Anderson,
1998]. Some primates, for example, always move
rapidly and quietly when approaching a sleeping site
to minimize detection by predators [Fan & Jiang,
2008; Reichard, 1998; Xiang et al., 2010; Zhou et al.,
2009]. In addition, predation pressure may influence
each age/sex class differently [Fan & Jiang, 2008],
with females and infants often the first to enter
sleeping trees in many primate species [N. concolor,
Ellefson, 1974; Hylobates lar, Fan & Jiang, 2008;
Reichard, 1998; T. franc-oisi, Zhou et al., 2009].
R. bieti followed this pattern when retiring for the
night. Adult females with infants usually entered the
sleeping trees first, which is likely related to
protection of their young and selection of suitably
safe resting places. Conversely, departure from the
sleeping trees in the morning for the same group of
R. bieti varied without a clear order, similar to H. lar
[Reichard, 1998], probably because of their recovered
agility after night-time resting and paucity of diurnal
predators [Li et al., 2006]. Although orderly depar-
ture from night sleeping sites was not observed
during our study, it has been adopted by other
primates such as Papio ursinus [Buskirk et al., 1974;
Davidge, 1978a,b] and is related to their rigid social
hierarchy.

Sleep Behavior, Social Cohesion, and Stability

Combinations of different age/sex classes in
huddles can reflect social relationships within a
group [Li & Wang, 1994; Takahashi, 1997], such as
social rank [Li & Wang, 1994; Ogawa, 1995a] and
kinship [Chaffin et al., 1995; Takahashi, 1997; Wada
& Tokida, 1985]. As OMUs are highly cohesive in
R. bieti, huddles were evidently dominated by kinship
or OMU selection (i.e. individuals in the same OMU
huddled together). Mother–infant dyads were the
most common huddles in R. bieti, which likely reflects
maternal behavior, including nursing and protection
against predation [Koyama, 1973] or falling from
sleeping trees [Roonwal & Mohnot, 1977].

Age and sex also influenced huddle composition
[Ansorge et al., 1992; Ogawa, 1995b]. While male
Tibetan macaques of different ages have often been
observed huddling together in groups of two or three
[Li & Wang, 1994], only juvenile male R. bieti of
similar age were observed huddling together during
sleep. Huddling behavior is an important aspect of
group living as it can facilitate social cohesion
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[Koyama, 1973] by increasing tolerance among
individuals [Takahashi, 1997]. In addition, R. bieti
formed larger huddles during winter nights and all
members of the same OMU used the same sleeping
tree [Li et al., 2006]. It is likely that body contact
with several individuals when huddled can increase
warmth, social safety, and sleep quality [Anderson,
1984; Li et al., 2006; Liu & Zhao, 2004].

To date, solitary sleeping has been reported only
in bonnet macaques (M. radiata) in India [Koyama,
1973]. The reasons why individuals increase their
vulnerability to predators by adopting such a sleep-
ing habit remains unanswered. Our results showed
that some R. bieti individuals exhibited solitary
sleeping behavior, especially the adult male in an
OMU (89% of solitary sleepers). The function of such
solitary sleep remains unclear, particularly given the
role of adult males in harem defense during the day.
Why do they distance themselves from adult females
during the night? This question might be clarified by
understanding the social structure of this rare
primate. Two basic units (OMUs and AMUs) form
a typical group of R. bieti in the wild [Grueter & van
Schaik, 2010; Ren et al., 2004] and only males who
have established their own OMU have access to
fertile females. Presumably night-time provides
males from AMUs with the opportunity to furtively
approach reproductive females. As sleeping in a
huddle may reduce an individual’s alertness, it is
possible that adult males from OMUs would be more
vigilant as solitary sleepers. We hypothesize, there-
fore, that solitary sleeping by OMU males may
increase their ability to monitor conspecifics, drive
invaders from their sleeping trees, and effectively
manage their harems at night.

Various environmental and social factors have
shaped the pattern of sleeping behavior in R. bieti.
Huddling was confined to members of the same OMU
and shaped the spatial distribution pattern of the
group though partner selectivity. Furthermore,
comparison between midday-resting patterns and
nocturnal sleeping patterns may help clarify social
organization and behavioral strategies important to
the conservation of this endangered species, and
elucidate relationships that may be displayed rarely
during diurnal activity.

ACKNOWLEDGMENTS

This study was granted by the NBRPC (973
Program: 2007CB411600), the key project of NSFC
(No. 30630016), the project of NSFC (No. 30970442),
China Program of TNC, and the IPCAS (KSCX2-
YW-R-091). We are grateful to our field assistants
Xinming He, Rong Yang, Jianhua Yu, Jianjun Yu
and Xiaohua Yu, and also to the Baimaxueshan
Nature Reserve for granting a work permit. Special
thanks to Ali Krzton (Department of Anthropology,
Texas A&M University) for English revision. We also

thank Dr. Xiang ZF and anonymous reviewers for
their comments.

REFERENCES

Altmann J. 1980. Baboon mothers and infants. Cambridge,
MA: Harvard University Press.

Anderson JR. 1984. Ethology and ecology of sleep in monkeys
and apes. Advances in the Study of Behavior 14:165–229.

Anderson JR. 1998. Sleep, sleeping sites, and sleep-related
activities: awakening to their significance. American Jour-
nal of Primatology 46:63–75.

Anderson JR, McGrew WC. 1984. Guinea baboons (Papio
papio) at a sleeping site. American Journal of Primatology
6:1–14.

Ansorge V, Hammerschmidt K, Todt D. 1992. Communal
roosting and formation of sleeping clusters in Barbary
macaques (Macaca sylvanus). American Journal of Prima-
tology 28:271–280.

Aquino R, Encarnación F. 1986. Characteristics and use of
sleeping sites in Aotus (Cebidae: Primates) in the Amazon
lowlands of Peru. American Journal of Primatology
11:319–331.

Bai SC, Zou SQ, Lin S, Tuo D, Tu Z, Zhong T. 1987.
A preliminary observation on distribution, number and
population structure of Rhinopithecus bieti in Baima
Xueshan Nature Reserve, Yunnan, China. Zoological
Research 8:413–419.

Bishop NH. 1979. Himalayan langurs: temperate colobines.
Journal of Human Evolution 8:251–281.

Buskirk WH, Buskirk RE, Hamilton WJ. 1974. Troop-
mobilizing behavior of adult male chacma baboons. Folia
Primatologica 22:9–18.

Chaffin L, Friedlen K, de Waal F. 1995. Dominance style of
Japanese macaques compared with rhesus and stumptail
macaques. American Journal of Primatology 35:103–116.

Chapman CA. 1989. Spider monkey sleeping sites: use and
availability. American Journal of Primatology 18:53–60.

Chapman CA, Chapman LJ, Mclaughlin RL. 1989. Multiple
central place foraging by spider monkeys: travel conse-
quences of using many sleeping sites. Oecologia 79:506–511.

Cui LW. 2003. A note on an interaction between Rhinopithecus
bieti and a buzzard at Baima Snow Mountain. Folia
Primatologica 74:51–53.

Cui LW, Xiao W. 2006. Sleeping sites of black-and-white snub-
nosed monkeys (Rhinopithecus bieti) at Baima Snow
Mountain, China. Journal of Zoology 270:192–198.

Davidge C. 1978a. Activity patterns of chacma baboons (Papio
ursinus) at Cape Point. African Zoology 13:143–155.

Davidge C. 1978b. Ecology of chacma baboons (Papio ursinus)
at Cape Point. African Zoology 13:329–350.

Di Bitetti M, Vidal E, Baldovino M, Benesovsky V. 2000.
Sleeping sites preferences in tufted capuchin monkeys
(Cebus apella nigritus). American Journal of Primatology
50:257–274.

Ellefson JO. 1974. A natural history of white handed gibbons
in the Malayan Peninsula. In: Rumbaugh DM, editor.
Gibbon and siamang, natural history, social behavior,
reproduction, vocalizations, prehension. Switzerland:
S. Karger AG. p 1–136.

Fan PF, Jiang XL. 2008. Sleeping sites, sleeping trees, and
sleep-related behaviors of black crested gibbons (Nomascus
concolor jingdongensis) at Mt. Wuliang, Central Yunnan,
China. American Journal of Primatology 70:153–160.

Grueter CC, van Schaik CP. 2010. Evolutionary determinants
of modular societies in colobines. Behavioral Ecology
21:63–71.

Grueter CC, Li DY, Ren BP, Wei FW, van Schaik PC. 2009.
Dietary profile of Rhinopithecus bieti and its socioecological
implications. International Journal of Primatology 30:
601–624.

Am. J. Primatol.

1098 / Li et al.



Hanya G, Kiyono M, Hayaishi S. 2007. Behavioral thermo-
regulation of wild Japanese macaques: comparisons
between two subpopulations. American Journal of Prima-
tology 69:802–815.

Hausfater G, Maede BJ. 1982. Alternation of sleeping groves
by yellow baboons (Papio cynocephalus) as a strategy for
parasites avoidance. Primates 23:287–297.

Heymann EW. 1995. Sleeping habits of tamarins, Saguinus
mystax and Saguinus fuscicollis (Mammalia; Primates;
Callitrichidae), in north-eastern Peru. Journal of Zoology
237:211–226.

von Hippel FA. 1998. Use of sleeping trees by black and white
colobus monkeys (Colobus guereza) in the Kekamega forest,
Kenya. American Journal of Primatology 45:281–290.

Huang CM, Wei FW, Li M, Li YB, Sun R. 2003. Sleeping cave
selection, activity pattern and time budget of white-headed
langurs. International Journal of Primatology 24:813–824.

Kirkpatrick RC. 1996. Ecology and behavior of the Yunnan
snub-nosed Langur (Rhinopithecus bieti, Colobinae). Ph.D.
Thesis, Davis, University of California.

Kirkpatrick RC, Long YC, Zhong T, Xiao L. 1998. Social
organization and range use in the Yunnan snub-nosed
monkey Rhinopithecus bieti. International Journal of
Primatology 19:13–51.

Koyama N. 1973. Dominance, grooming, and clasped-sleeping
relationships among Bonnet Monkeys in India. Primates
14:225–244.

Li JH, Wang Q. 1994. Allogrooming in wild Tibetan macaques
with special reference to social structure. In: Roeder JJ,
Thirerry B, Anderson JR, Herrenschmidt N, editors.
Current primatology. Strasbourg: University Louis Pasteur.
p 185–192.

Li DY, Grueter CC, Ren BP, Zhou QH, Li M, Peng ZS, Wei FW.
2006. Characteristics of night-time sleeping places selected
by golden monkeys (Rhinopithecus bieti) in the Samage
Forest, Baima Snow Mountain Nature Reserve, China.
Integrative Zoology 1:141–152.

Li DY, Grueter CC, Ren BP, Long YC, Li M, Peng ZS, Wei FW.
2008. Ranging of Rhinopithecus bieti in the Samage Forest,
China. II. Use of land cover types and altitudes. Interna-
tional Journal of Primatology 29:1147–1173.

Liu ZH, Zhao QK. 2004. Sleeping sites of Rhinopithecus bieti at
Mt. Fuhe, Yunnan. Primates 45:241–248.

Long YC, Kirkptrick RC, Zhong T, Xiao L. 1994. Report on the
distribution, population, and ecology of the Yunnan snub-
nosed monkey (Rhinopithecus bieti). Primates 35:241–250.

Nakagawa N. 1989. Bioenergetics of Japanese monkeys
(Macaca fuscata) on Kinkazan Island during winter.
Primates 30:441–460.

Ogawa H. 1995a. Triadic male-female-infant relationships
and bridging behavior among Tibetan macaques (Macaca
thibetana). Folia Primatologica 64:153–157.

Ogawa H. 1995b. Bridging behavior and other affiliative
interactions among male Tibetan macaques (Macaca
thibetana). International Journal of Primatology 16:707–729.

Ogawa H, Takahashi H. 2003. Triadic positions of Tibertan
Macaques huddling at a sleeping site. International Journal
of Primatology 24:591–606.

Ramirez MM. 1989. Feeding ecology and demography of the
moustached tamarin saguinus mystax in Northeastern
Peru. Ph.D. Thesis, New York, City University of New York.

Reichard U. 1998. Sleeping site, sleeping places, and presleep
behavior of gibbons (Hylobates lar). American Journal of
Primatology 46:35–62.

Ren BP, Li M, Wei FW, Long YC. 2004. The Yunnan snub
nosed monkey (Rhinopithecus bieti). Chinese Journal of
Zoology 39:104–111 (in Chinese).

Ren BP, Li M, Long YC, Grueter CC, Wei FW. 2008.
Measuring daily ranging distances of Rhinopithecus bieti
via a global positioning system collar at Jinsichang, China.
A methodological consideration. International Journal of
Primatology 29:783–794.

Ren BP, Li M, Long YC, Wei FW. 2009. Infuence of day length,
ambient temperature, and seasonality on daily travel
distance in the Yunnan snub-nosed monkey at Jinsichang,
Yunnan, China. American Journal of Primatoloy 71:
233–241.

Roonwal ML, Mohnot SM. 1977. Primates of South Asia.
Cambridge: Harvard University Press.

Schoener TW. 1971. Theory of feeding strategies. Annual
Review of Ecological Systems 2:369–404.

Southwick C, Beg M, Siddiqi R. 1965. Rhesus monkeys in
North India. In: DeVore T, editor. Primate behavior: field
studies of monkeys and apes. San Francisco: Holt, Rinehart
and Winston. p 111–159.

Takahashi H. 1997. Huddling relationships in night sleeping
groups among wild Japanese Macaques in Kinkazan Island
during winter. Primates 38:57–68.

Wada K, Tokida E. 1985. Sleeping site cluster of Japanese
monkeys in Shiga A1 troop: about inter-individual relation-
ships. The Studies of Spatial Distribution of the Japanese
Monkey Troops in Shiga Heights. Inuyama, Japan: Primate
Research Institute, Kyoto University. p 2–10.

Wada K, Tokida E, Ogawa H. 2007. The influence of snowfall,
temperature and social relationships on sleeping clusters
of Japanese monkeys during winter in Shiga Heights.
Primates 48:130–139.

Xiang ZF. 2005. The ecology and behavior of black-and-white
snub-nosed monkeys (Rhinopithecus bieti, Colobinae) at
Xiaochangdu in Honglaxueshan National Nature Reserve,
Tibet, China. Ph.D. Thesis, Institute of Kunming Zoology,
Chinese Academy of Sciences, Kunming, China (in Chinese).

Xiang ZF, Huo S, Wang L, Cui LW, Xiao W, Quan RC, Zhong T.
2007. Distribution, status and conservation strategies of the
black-and-white Snub-nosed Monkey Rhinopithecus bieti in
Tibet. Oryx 41:525–553.

Xiang ZF, Nie SG, Chang ZF, Wei FW, Li M. 2010. Sleeping
sites of Rhinopithecus brelichi at Yangaoping, Guizhou.
International Journal of Primatology 31:59–71.

Zhang SY. 1995. Sleeping habits of brown capuchin monkeys
(Cebus apella) in French Guiana. American Journal of
Primatology 36:327–335.

Zhou QH, Huang CM, Li M, Wei FW. 2009. Sleeping site
use by Trachypithecus francoisi at Nonggang Nature
Reserve, China. International Journal of Primatology 30:
353–365.

Am. J. Primatol.

Nocturnal Sleeping Habits of Rhinopithecus bieti / 1099


