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Food resources, including food types, quantity, and quality, are the key factors 

that determine the survival and reproduction of wild animals. However, the 

most basic requirement is access to food. The choice of sleeping sites plays a 

crucial role in efficiently acquiring food and provides a useful starting point for 

studying foraging strategies. We collected data on sleeping site and foraging 

patch uses of wild Tibetan macaques (Macaca thibetana) in Huangshan, Anhui, 

China, from September 2020 to August 2021. We found that Tibetan macaques 

used 50 different sleeping sites, mostly located on cliffs, some of which they 

reused. Sleeping site altitude differed significantly according to season, with 

higher altitudes recorded in summer and winter. Tibetan macaques did not 

sleep as much as expected in the peripheral regions of their home range. The 

sleeping sites were often distributed in proximity to foraging patches, and there 

was a positive correlation between the use of sleeping sites and surrounding 

foraging patches. The utilization of foraging patches by Tibetan macaques 

is inclined towards the multiple central place foraging strategy. Our results 

provide supportive evidence for the proximity to food resource hypothesis 

and indicate the important role of sleeping sites in food resource utilization in 

Tibetan macaques.
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1. Introduction

Suitable sleeping sites play an essential role in animal survival, as they provide a place 
of rest, shelter, and access to necessary diurnal resources (Li et al., 2011; Liu et al., 2022). 
These diurnal resources, including food types, quantity, and quality, are key determinants 
of the survival and reproduction of wild animals (Paniw et al., 2019; DiGiorgio et al., 2020). 
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Wild primates must cope with complex environments and 
unpredictable spatial and temporal distributions of resources 
(Shaffer, 2014; Allritz et al., 2022). One of the critical elements 
determining foraging success and efficiency is the way an animal 
obtains food. The choice of sleeping sites plays a crucial role in this 
process and its analysis is useful for studying foraging strategies.

In the context of the patchy distribution of food resources, the 
energy expenditure of animals transferred between foraging 
patches greatly influences foraging patches (Teichroeb and 
Smeltzer, 2018; Trapanese et al., 2019). The choice of sleeping sites 
has a direct effect on the reduction of foraging costs (Nakagawa, 
1990). To maximize feeding benefits, animals often exhibit one of 
two different foraging strategies: the central place foraging (CPF) 
strategy and the multiple central place foraging (MCPF) strategy 
(Andersson, 1981; Chapman et al., 1989; McAleer and Giraldeau, 
2006; Pirotta et al., 2018). The CPF model assumes that animals 
return daily to a single central site to sleep, which could be their 
nest or a commonly used resting place (Chapman et al., 1989). 
Species with fixed sleeping sites tend to choose CPF strategies, 
foraging heavily in proximity to the sleeping site. For example, 
CPF strategies have been observed in Whinchat (Saxicola rubetra) 
and eastern chipmunks (Tamias striatus; Andersson, 1981; 
McAleer and Giraldeau, 2006). Foragers will first depart from the 
sleeping site for available foraging patches and, after a period of 
travel and foraging, return to the sleeping place (Michelot et al., 
2017). Animals adopting the CPF strategy must spend 
considerable time and effort commuting between the food patches 
and the central site if they forage at patches far from the center. 
Consequently, the area of their home range they can utilize is 
relatively small. The MCPF model assumes that animals use 
multiple, scattered central places for sleeping, usually close to the 
current foraging area (McLaughlin and Montgomerie, 1989; Smith 
et al., 2007), as reported in white-headed langur (Trachypithecus 
leucocephalus) and northern pig-tailed macaques (Macaca leonine; 
Li et al., 2011; José-Domínguez et al., 2015). MCPF differs from 
CPF in that animal travel costs include travel between central 
places and foraging patches and between different central places. 
Thus, animals that engage in MCPF can use larger foraging areas 
for the same foraging benefits. MCPF strategies pay more attention 
to the spatial distribution of food. When food is scarce or unevenly 
distributed, the MCPF strategy may be more beneficial to the 
forager than the CPF strategy because animals can reduce foraging 
costs by resting overnight in or near foraging patches (Chapman 
et al., 1989; Shaffer, 2014). If the rewards of foraging are equal, the 
shortest paths to foraging patches should be selected.

Animals move between multiple food patches throughout 
the day and generally try to maximize their foraging efficiency 
(Teichroeb and Smeltzer, 2018). The choice of the sleeping site 
plays a crucial role in improving foraging efficiency (Gazagne 
et  al., 2020), which can explain the adaptive process of 
foraging strategies from another perspective. Sleeping sites 
have many functions, and current studies have proposed 
functions including predation avoidance (Smith et al., 2007; 

Fei et al., 2022), territory or resource defense (Li et al., 2011; 
Fei et  al., 2022), and proximity to food resources (José-
Domínguez et al., 2015; Gazagne et al., 2020). However, one 
of the most important functions is the proximity to food 
resources. Geoffroy’s spider monkeys (Ateles geoffroyi) and 
black crested gibbons (Nomascus concolor jingdongensis) have 
both been observed sleeping at sites in proximity to food 
patches to improve foraging efficiency (Chapman et al., 1989; 
Fan and Jiang, 2008). Additionally, one study on Assamese 
macaques (Macaca assamensis) found that the foraging 
patches they used on a particular day influenced their choice 
of sleeping site that night, which in turn affected their foraging 
efficiency the following day (Liu et al., 2022). Sleeping sites are 
a potentially limiting resource for many primates, and their 
use pattern may reflect the adaptive evolution of 
foraging strategies.

The Tibetan macaque is endemic to China, where they 
inhabit temperate and subtropical mountainous forest 
environments and are widely distributed across 13 provinces (Li 
J.H. et al., 2020). They mainly feed on fruits, leaves, and flowers 
and can flexibly adapt to spatial and temporal environmental 
changes (Li B. et  al., 2022). Tibetan macaques are highly 
terrestrial primates (Li P.H. et al., 2022). During the summer, 
they sleep in trees near cliffs for improved ventilation and to 
avoid dangerous encounters with the hundred-pace viper 
(Deinagkistrodon acutus) and other poisonous snakes (Li and 
Wang, 1994). Tibetan macaques have extensive home ranges 
(18.54 km2) in which food is unevenly distribution (Li W.B. et al., 
2022). To our knowledge, no previous research has examined 
the effects of sleeping sites choice on the foraging strategy of 
Tibetan macaques. It is also unclear what foraging strategy this 
species adopts for the patchy distribution of food resources. 
Exploring primate sleeping site selection and food patch 
utilization strategies is essential for effective 
conservation planning.

We conducted this study under natural conditions and 
bridged the association between sleeping sites and food patch 
utilization strategies. We  present detailed information on the 
sleeping site distribution, sleeping site use preference, and the 
relationship between sleeping sites and foraging patch utilization 
in the Tianhu Mountain group of wild Tibetan macaques in 
Huangshan. We analyzed the distance between the sleeping sites 
and the food patches to explore Tibetan macaques’ food patch 
utilization strategies. We aimed to identify the use and distribution 
of Tibetan macaque sleeping sites and the relationship between 
the use of sleeping sites and utilization of food patches. 
We hypothesized that (1) if Tibetan macaques adopt the CPF 
strategy, the number of sleeping sites may be minimal, and that 
the location of the foraging patches will not affect the choice of 
sleeping sites. (2) If Tibetan macaques adopt the MCPF strategy, 
we predicted that their sleeping sites may be spread throughout 
their home range, and that the selection of sleeping sites will 
be closely related to the location of the foraging patches.
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2. Materials and methods

2.1. Study sites and subjects

The study was conducted at the Niejiashan Research Base 
(30°12’N, 118°27′E) near the east gate of Mt. Huangshan in Anhui 
Province, China (Figure 1). The altitude ranges from 200 to 650 m 
above sea level and the area has a subtropical monsoon climate. 
Total annual rainfall is 2639.4 mm, and the average yearly 
temperature is 15.5°C, with the highest temperature in July 
(38.1°C) and the lowest in February (−13.1°C). Following Li et al. 
(2021), four seasons were defined according to the monthly 
average temperature: an average temperature >22°C was classified 
as summer (June–September), <10°C as winter (December–
February), and 10–22°C as spring (March–May) and autumn 
(October–November). The main vegetation types include 
evergreen broad-leaved, evergreen deciduous mixed, coniferous, 
and coniferous and broad-leaved mixed forests (Li et al., 2021). 
There are also many cliffs, exposed rocks, and streams in this area. 
Rich and diverse vegetation and complex terrain provide an ideal 
habitat for Tibetan macaques (Li et al., 2021). Tibetan macaques 
mostly avoid human beings and inhabit dense forests with 
mountains and cliffs (Li J.H. et al., 2020).

We studied a group of wild Tibetan macaques for 12 
consecutive months (September 2020 to August 2021). In 2018, 
we discovered this group of wild Tibetan macaques and began 

tracking them in 2019. After a year of tracking and habituation, 
we continuously collected data on the macaques from September 
2020 to August 2021. The group consisted of 29 individuals, 
including 5 adult males, 8 adult females, 10 juveniles, and 6 
infants. At least two groups of Tibetan macaques and two groups 
of rhesus macaques were also observed in the home range of the 
studied Tibetan macaque group during the study period. The 
home ranges of these groups overlapped spatially.

2.2. Data collection and analysis

We set up  30 automatic return infrared cameras (UML4, 
UOVISION) in the Tibetan macaques’ home range to facilitate the 
location of the group. We combined the infrared camera feedback 
with the previous day’s tracking results to determine the sleeping 
site used by the Tibetan macaques on that day. We arrived at the 
sleeping site of the Tibetan macaques every morning before 06:00. 
After searching for the group, we followed them until they were 
either out of sight for more than 30 min or entered the sleeping site 
for the day. We used the instantaneous scan sampling method to 
collect data (Altmann, 1974), each sampling lasted for 5 min, and 
the interval between scans was 5 min. During each scan, 
we observed every individual sequentially from left to right for 5 s 
and recorded their main behaviors (classified as resting, moving, 
eating, socializing, and other behaviors). During tracking, 

FIGURE 1

Locations of the study site and all Tibetan macaque feeding points and sleeping sites from September 2020 to August 2021.
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we recorded the geographical location of the group every 10 min 
using Liangbulu GPS software (Shenzhen Liangbulu Information 
Technology Co., Ltd.). We obtained 93 days of observation data 
during the study period, including 76 full-day observations 
(3–12 days per month) and 17 half-day observations. Our data 
analysis was based on full-day data.

We defined the sleeping site as sites where the Tibetan 
macaque group stopped moving at dusk and rested until the 
following morning. Sleeping sites included cliff platforms or a 
group of several trees. Significant fecal deposits were present in 
commonly-used sleeping sites. We  recorded the location of 
sleeping sites and habitat characteristics, including altitude, 
topography, and vegetation characteristics. We  obtained 76 
recordings of sleeping site use in Tibetan macaques involving 50 
sleeping sites. To assess the spatial distribution of sleeping sites in 
Tibetan macaques, we recorded the locations of sleeping sites on 
topographic maps (1, 50,000) using the grid cell method (Huang 
et  al., 2017). Because the group spread is usually <200 m, 
we divided their habitat into 200 × 200-m grid cells. This work was 
completed in ArcMap 10.4.1. Accordingly, the grid cells in which 
the Tibetan macaques were active were designated as sleeping and 
foraging sites, based on their behavior. When the group entered a 
grid cell and more than half of the individuals of the group were 
feeding simultaneously for >20 min, we defined the occupied cell 
as a foraging patch (Li et al., 2011; Liu et al., 2022). We recorded 
117 foraging patches used 295 times during the study. The foraging 
intensity was calculated by dividing the number of records in a 
particular foraging patch by the total number of records.

To test the preference for sleeping sites in different parts of 
Tibetan macaques’ home range, we  divided the annual home 
range of Tibetan macaques into core and peripheral areas. 
We defined the peripheral area as the area <200 m from the edge 
of the home range and considered the remaining area as the core 
area (Liu et al., 2022). We calculated Tibetan macaque home range 
as the number of 200 × 200-m grid cells that were occupied by the 
macaques during the study (Boyle et al., 2009). We calculated the 
expected value for the sleeping sites distributed separately in the 
core and periphery areas. We used the Chi-square test to examine 
the difference in sleeping site use between expected and observed 
values within the peripheral and core areas.

To investigate the effect of season on the altitudinal distribution 
of Tibetan macaques’ sleeping sites we used Kruskal–Wallis tests. 
We used Spearman rank correlations to investigate the relationship 
between the number of sleeping sites used and the number of 
surrounding food patches used. We calculated the number of food 
patches in the grid cell where the sleeping site was and in the adjacent 
grid cells to determine the number of surrounding food patches used.

To examine whether Tibetan macaques tended to use CPF or 
MCPF strategies, we estimated the linear distances between the last 
foraging patch used each day and the sleeping site used the same 
day (Used), between the last foraging patch and the nearest sleeping 
site used (MCPF), and between the last foraging patch and the 
central place (CPF). We used a paired Wilcoxon signed-rank test 
to compare the differences between Used and MCPF and between 

Used and CPF (Li et al., 2011). If there was no significant difference 
between the distance Used and MCPF, we assumed that Tibetan 
macaques adopted the MCPF strategy. If there was no significant 
difference between the distance Used and CPF, we assumed that 
Tibetan macaques adopted the CPF strategy. If both of the above 
hypotheses were accepted, we calculated the deviation between the 
distances Used and MCPF (the number of Used-MCPF), the 
deviation between the distance Used and CPF (the number of 
Used-CPF), respectively. Accordingly, we used a paired Wilcoxon 
signed-rank test to test the difference between two values of 
deviations to indicate Tibetan macaques tend to adopt the MCPF 
strategies or CPF strategies. If the number of Used-MCPF was 
smaller than the number of Used-CPF, we  assumed Tibetan 
macaques adopted MCPF strategy. If the number of Used-CPF was 
smaller than the number of Used-MCPF, we assumed Tibetan 
macaques adopted CPF strategy. The central place in a CPF strategy 
was generated based on the arithmetic mean of all the sleeping site 
coordinates used (Brotcorne et al., 2014).

We examined the normality of all variables using one-sample 
Kolmogorov–Smirnov tests. We performed all statistical tests in 
SPSS 26.0. Statistical analyses were two-tailed, and the default 
significance level was set at p < 0.05.

3. Results

3.1. Sleeping site characteristics

The sleeping sites of Tibetan macaques could be divided into 
multiple (n = 11) and single-use (n = 39) sleeping sites; there were 
obvious fecal deposits in the multiple-use sleeping sites. The 
sleeping sites of Tibetan macaques were mainly distributed on the 
cliffs (n = 66, 86.8% of recorded nights), and the cliffs were 
dominated by shrubs, including Loropetalum chinense and 
Syzygium buxifolium. Neyraudia montana bushes were present on 
the cliff on which the macaques often slept. Only 13.2% of the 
sleeping sites were on hillside or trees in the forest (n = 10). And 
Tibetan macaques sleep in trees only in spring and summer 
(Table  1). The average altitude of sleeping sites was 
407.71 ± 118.76 m, and differed significantly among seasons 
(Kruskal–Wallis tests: H = 14.617, df = 3, p = 0.002). The altitudes 
of sleeping sites were highest in summer and winter (Figure 2).

3.2. Sleeping site use and spatial 
distribution

During the study, 50 sleeping sites were used a total of 76 
times by Tibetan macaques; 12 of these were reused up to 5 times. 
The remaining 38 sleeping sites were used only once during the 
study. There was a preference for 8 specific sleeping sites, which 
accounted for 40.79% of all usage records (Table 1).

The 50 sleeping sites were distributed throughout the home 
range of Tibetan macaques, including the peripheral and core 

https://doi.org/10.3389/fevo.2022.1067923
https://www.frontiersin.org/journals/ecology-and-evolution
https://www.frontiersin.org


Li et al. 10.3389/fevo.2022.1067923

Frontiers in Ecology and Evolution 05 frontiersin.org

TABLE 1 Frequency of use at different sleeping sites in Tibetan macaques.

Sleeping 
site code

Location Month Altitude (m) Frequency of 
sleeping site use

Percentage of the 
total record (%)

Microhabitat

1 Cliff September 392 1 1.32 Rock + Shrub

2 Cliff September February 300 4 5.26 Rock + Shrub

3 Cliff October 298 4 5.26 Rock + Shrub

4 Cliff October 278 1 1.32 Rock + Shrub

5 Cliff October 245 1 1.32 Rock + Shrub

6 Cliff October 245 1 1.32 Rock + Shrub

7 Cliff October November 316 4 5.26 Rock + Shrub

8 Cliff October 425 1 1.32 Rock + Shrub

9 Cliff November March 247 3 3.95 Rock + Shrub

10 Cliff November 364 1 1.32 Rock + Shrub

11 Cliff December 548 3 3.95 Rock + Shrub

12 Cliff December 530 1 1.32 Rock + Shrub

13 Cliff December March 419 4 5.26 Rock

14 Cliff January 447 1 1.32 Rock

15 Cliff January 490 1 1.32 Rock

16 Cliff January 497 1 1.32 Rock

17 Cliff January May June 530 5 6.58 Rock + Shrub

18 Cliff January 689 1 1.32 Rock + Shrub

19 Cliff February 542 1 1.32 Rock + Shrub

20 Cliff February 423 1 1.32 Rock + Shrub

21 Tree February 555 1 1.32 Tree

22 Hillside March 353 1 1.32 Rock + Tree

23 Tree March 397 1 1.32 Tree

24 Cliff March 291 1 1.32 Rock + Shrub

25 Cliff February March 540 4 5.26 Rock + Shrub

26 Cliff February 335 1 1.32 Rock + Shrub

27 Tree March July 547 2 2.63 Tree

28 Tree April 296 1 1.32 Rock + Shrub

29 Cliff April 232 1 1.32 Rock + Shrub

30 Cliff April 275 2 2.63 Rock + Shrub

31 Cliff April 415 1 1.32 Rock + Shrub

32 Cliff April 294 1 1.32 Rock + Shrub

33 Cliff April 577 1 1.32 Rock + Shrub

34 Cliff April 462 1 1.32 Rock + Shrub

35 Cliff May 174 1 1.32 Rock + Shrub

36 Cliff May 55 1 1.32 Rock + Shrub

37 Cliff May 358 1 1.32 Rock + Shrub

38 Cliff May 215 1 1.32 Rock + Shrub

39 Cliff May 305 1 1.32 Rock + Shrub

40 Cliff May 333 1 1.32 Rock + Shrub

41 Cliff May 381 1 1.32 Rock + Shrub

42 Cliff June 424 1 1.32 Rock + Shrub

(Continued)
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areas (Figure  3). Based on the annual active sites of Tibetan 
macaques, the total home range size was 13.56 km2. The peripheral 
area accounted for 56.6% of the entire home range, including 23 
sleeping sites and accounted for 46% of all sleeping sites. The 
proportion of Tibetan macaques sleeping in the peripheral area 
was 38.2% (n = 29). The core area accounted for 43.4% of the home 
range, including 27 sleeping sites and accounting for 54% of all 
sleeping sites. The proportion of Tibetan macaques sleeping in the 
core area was 61.8% (n = 47). The chi-square goodness of fit test 
showed that the number of sleeping sites in the peripheral region 
was less than the expected value; whereas, the number of sleeping 

sites in the core area was more than the expected value (χ2 = 4.574, 
df = 1, p = 0.032). In addition, the use of sleeping sites in the 
peripheral area was less than expected, whereas it was higher than 
expected in the core area (χ2 = 14.084, df = 1, p < 0.001).

3.3. Relationship between sleeping sites 
and foraging patches

We recorded 117 foraging patches used 292 times during the 
study. The location of sleeping sites was closely related to the 

FIGURE 2

Sleeping site altitude of Tibetan macaques in different seasons (spring: n = 26, summer: n = 15, autumn: n = 19, winter: n = 19).

Sleeping 
site code

Location Month Altitude (m) Frequency of 
sleeping site use

Percentage of the 
total record (%)

Microhabitat

43 Tree June 400 1 1.32 Tree

44 Cliff June 427 1 1.32 Rock + Shrub

45 Tree June 493 1 1.32 Tree

46 Cliff July 416 1 1.32 Rock + Shrub

47 Cliff July 463 1 1.32 Rock + Shrub

48 Tree August 719 2 2.63 Tree

49 Cliff August 612 1 1.32 Rock + Shrub

50 Cliff August 785 1 1.32 Rock + Shrub

TABLE 1 (Continued).
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location of foraging patches. Frequently used sleeping sites were 
often within or adjacent to the grid of commonly used foraging 
patches (Figure  4). The number of sleeping sites used was 
positively correlated with the number of surrounding foraging 
patches used (Spearman rank correlation: rs = 0.291, n = 50, 
p = 0.04).

We compared the distances between the last foraging patch of 
the day and the sleeping site used on the day (Used) to that 
between the last foraging patch and the nearest sleeping site 
(MCPF), as well as to that between the last foraging patch and the 
central place (CPF). All differences were significant (Wilcoxon 
signed-rank test: Used vs. MCPF: Z = −5.855, n = 76, p < 0.001; 
Used vs. CPF: Z = −7.486, n = 76, p < 0.001). However, the 
difference between the distance from the last foraging patch to the 
sleeping site used on the day and the distance from the nearest 
sleeping site was significantly smaller than that between the 
distance from the last foraging patch to the sleeping site used and 
the central place (Wilcoxon signed-rank test: Z = −7.554, n = 76, 
p < 0.001; Figure 5).

4. Discussion

Exploring primate sleeping site selection and foraging patch 
utilization is critical to understanding their ecological adaptation 

and guiding conservation. In this study, we  analyzed the 
distribution of sleeping sites and their relationship with foraging 
patch utilization in wild Tibetan macaques by observing them 
under natural conditions. The results showed that Tibetan 
macaques used 50 sleeping sites throughout the year in their home 
range, that they preferred to sleep on cliffs, and that the altitude of 
sleeping sites differed significantly between seasons. Tibetan 
macaques reused some sleeping sites. They had more sleeping sites 
in the core area of their home range than in the peripheral areas, 
and used them more often than expected. In contrast, the 
peripheral areas were utilized less than expected. Sleeping site use 
was positively correlated with the number of foraging patches 
around the sleeping site, and the Tibetan macaques tended to 
adopt the MCPF strategy. These results indicate that food 
resources were one of the factors influencing sleeping site selection 
in Tibetan macaques, and that the choice of sleeping sites also 
played an important role in their foraging strategy.

4.1. Patterns of use and selection of 
sleeping sites

Tibetan macaques used a total of 50 sleeping sites which were 
spread throughout their home range, consistent with our 
hypothesis (2). Multiple sleeping sites are conducive to full 

FIGURE 3

Distribution of sleeping sites used by Tibetan macaques in their home range during the study. Numbers indicate the frequency of sleeping site use.
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utilization of resources in the home range (Chapman et al., 1989). 
Primate sleeping site use may vary with the availability of food 
resources (Brotcorne et al., 2014). In the home range of the studied 
Tibetan macaques, food availability showed marked seasonal 
fluctuations (Li B. et al., 2022) and food resources were unevenly 
distributed (Li et al., 2021). This switching of sleeping sites may 
help the macaques utilize an unevenly distributed food resource 
in their active home range of up to 13.56 km2. Previous studies on 
Assamese macaques, white-headed langurs, and François’ langurs 
(T. francoisi) also found that they used multiple sleeping sites, and 
that the use of numerous sleeping sites reduced the cost of 
traveling to and from a single sleeping site (Qihai et al., 2009; Li 
et al., 2011; Liu et al., 2022).

We also found that Tibetan macaques tended to sleep on 
cliffs, and in slept in trees in summer. Earlier studies of Tibetan 
macaques also found that they slept in trees during summer for 
ventilation and protection from poisonous snakes 

(Li and Wang, 1994). Although we  did not observe Tibetan 
macaques encountering predators during our study, and large 
predators such as the black bear (Ursus thibetanus) and clouded 
leopard (Neofelis nebulosa) have not been reported in the study 
area for a long time, some Viverridae species may still pose a 
potential threat to infant macaques (Li W.B. et al., 2022). The cliffs 
provide a natural barrier for Tibetan macaques from potential 
predators. Similar behaviors have been observed in Assamese 
macaques (Liu et al., 2022). Their sleeping sites are mainly located 
in the middle-upper areas of the cliff, which protects them from 
predators. Studies of white-headed langur monkeys have also 
found that they use caves in cliffs to reduce the chance of being 
spotted by predators (Li et al., 2011). The selection of sleeping 
sites on cliffs may therefore play a role in predator avoidance.

Our results showed that the altitude of Tibetan macaques’ 
sleeping sites is higher in summer and winter than in spring and 
autumn. In summer and winter, Tibetan macaques choose more 

FIGURE 4

Distribution of foraging patches and sleeping sites of Tibetan macaques in different 200 × 200-m quadrats in a whole-year home range. Numbers 
indicate the locations of sleeping sites and the frequency of use, and percentages indicate the classification level of foraging intensity.
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sleeping sites at high altitudes, which may improve foraging 
efficiency and be associated with factors such as comfort and 
temperature regulation. Species richness and food availability 
were higher at lower altitudes than at higher altitudes, with 
spring and autumn being the most productive seasons for food 
(Korner, 2007). Tibetan macaques may spend more time at 
lower altitudes to satisfy their food needs (Zhou et al., 2022). 
However, in winter, Tibetan macaques rely on the fruits of Pinus 
massoniana and Fagaceae when other food resources are 
relatively scarce (Zhao, 1996). P. massoniana in the home range 
of Tibetan macaques is mostly distributed in areas >600 m 
above sea level (Li et  al., 2021). To obtain food more 
conveniently, Tibetan macaques may choose to sleep in 
proximity to areas with a higher abundance of P. massoniana. 
Of course, comfort and temperature regulation may also 
be considered when selecting a sleeping site. Primates generally 
enjoy sunbathing during winter (Xiang et al., 2009). Summers 
are hot and the alpine region is cooler; whereas, the winters are 
colder and the bare rocks at higher altitudes receive more sun 
exposure. Therefore, Tibetan macaques may choose to sleep at 
relatively higher altitudes in the summer for cooler temperatures 
and better ventilation. In winter, sleeping at relatively high 
altitudes gives macaques early exposure to the morning sun. 

The choice of sleeping sites at different altitudes reflects the 
adaptability of Tibetan macaques to changes in resources 
and environment.

4.2. Relationship between sleeping sites 
and foraging patches utilization

Although Tibetan macaques had sleeping sites throughout 
their home range, both the number of sleeping sites and the 
frequency used of sleeping sites in the peripheral region were less 
than expected. The territory or resource defense hypothesis 
suggests that sleeping at the edge of their territory helps primates 
detect and prevent encroachment by neighboring groups in 
advance (Day and Elwood, 1999). For example, white-headed 
langurs sleep more in the peripheral areas of their home range to 
prevent other males from invading the group (Li et al., 2011). 
Some primates do not tend to sleep at the edge of their home 
range, such as pileated gibbons (Hylobates pileatus), Assamese 
macaques, and Lar gibbons (H. lar; (Reichard, 1998; Phoonjampa 
et al., 2010; Liu et al., 2022). These studies found food resources to 
be  more important than territorial defense in sleeping site 
selection. The same was true for Tibetan macaques, which had 

FIGURE 5

Mean distances between the last foraging patch of the day and the used sleeping site, the nearest sleeping site (multiple central place foraging 
[MCPF]), and the central sleeping site (central place foraging [CPF]) of Tibetan macaques.
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more than the expected number of sleeping sites and a higher-
than-expected frequency of use in the core area. The number of 
sleeping sites used was positively correlated with the distribution 
of important foraging patches. Sleeping in the core area makes it 
easier to monopolize and protect food resources. Although other 
populations of Tibetan macaques and rhesus macaques were 
observed during the study period, no inter-group conflicts were 
recorded. Our results suggest that the selection of sleeping sites is 
mainly dependent on food resource distribution.

Our results suggest that the choice of sleeping sites plays an 
important role in the foraging strategy of Tibetan macaques. 
We found that Tibetan macaques usually slept in or near the last 
foraging patch of the day. As such Tibetan macaques were more 
likely to adopt the MCPF strategy than the CPF strategy for 
foraging patches. Although Tibetan macaques would repeatedly 
use a sleeping site, they rarely used the same sleeping site for 
several days consecutively. Changing sleeping sites appeared to 
facilitate the use of different food patches. Similar findings have 
been found in studies of black and gold howler monkeys (Alouatta 
caraya), saddleback (Saguinus fuscicollis), mustached tamarins 
(Saguinus mystax), François’ langurs, and white-headed langurs, 
which choose to sleep near food patches to improve foraging 
efficiency (Smith et al., 2007; Zhou et al., 2007; Li et al., 2011; 
Brividoro et al., 2019). In a previous study, food resources in the 
home range of Tibetan macaques had an uneven distribution with 
periodic temporal and spatial fluctuations (Li W.B. et al., 2022). In 
response to periodic resource shortages, primates minimize 
energy expenditure in their daily activities (Li Y.H. et al., 2020). In 
Tibetan macaques, the time for foraging and resting accounts for 
>70% of their total time allocation (Zhou et al., 2022). This pattern 
of sleeping site selection near foraging patches in Tibetan 
macaques can reduce foraging costs and increase the time spent 
foraging and resting, which may reflect their adaptation to uneven 
resource distribution.

In summary, there is a close relationship between the choice 
of sleeping site and the foraging strategy of Tibetan macaques. 
Tibetan macaques were more likely to use the MCPF strategy than 
the CPF strategy to exploit foraging patches. They selected their 
sleeping sites based on the foraging patch distribution. They slept 
more frequently near foraging patches than in the peripheral areas 
of their home range, highlighting that they may have selected their 
sleeping sites with greater foraging efficiency in mind. At the same 
time, the choice of sleeping sites by Tibetan macaques may also 
consider factors such as predators and comfort. Although this 
study provides detailed information on foraging patch utilization 
and sleeping site selection in Tibetan macaques, our results only 
involved one population; therefore, our next step will be  to 
compare our results with other populations of Tibetan macaques. 
In future studies, environmental factors such as temperature and 
rainfall should be investigated more comprehensively. Studies on 
the selection and utilization of foraging patches and sleeping sites 
in Tibetan macaques will help to further understand how they 
adapt to their habitat and, in turn, provide positive implications 
for the conservation management of this species.
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