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Abstract

As part of a larger project to examine the richness and distribution of wildlife in
Kumtag Desert area, we conducted camera trapping surveys during the period
2010-2012 at seven watering sites in an arid region of the Altun Mountains
in western China. Information on activity patterns of the wild bactrian camel
(Camelus ferus), kiang (Equus kiang), goitered gazelle (Gazella subgutturosa),
argali (Ovis ammon), blue sheep (Pseudois nayaur), red fox (Vulpes vulpes),
and wolf (Canis lupus) was obtained. We found that the wild camel, kiang,
goitered gazelle, argali, and blue sheep were predominantly diurnal at watering
sites, whereas red fox and wolf were nocturnal. Five herbivores partitioned the
use of watering sites in a temporal manner to minimize the risk of predation
by carnivores. The wild camel was the dominant herbivorous species at the
watering sites. The kiang, goitered gazelle, argali, and blue sheep displayed
adaptive water use by altering spatial or temporal patterns based on the presence
or absence of wild camel, to minimize the risk of interspecific strife. These
results are suggestive of the differences in activity patterns that might modulate
water partitioning by different species, and provide insights for the development
of conservation strategies for integrated species and decisions regarding water
development in the Altun Mountains.
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Abstract

As part of a larger project to examine the richness and distribution of wildlife in
the Kumtag Desert area, we conducted camera trapping surveys during the pe-
riod 2010-2012 at seven watering sites in an arid region of the Altun Mountains
in western China. Information on activity patterns of the wild bactrian camel
(Camelus ferus), kiang (Equus kiang), goitered gazelle (Gazella subgutturosa),
argali (Ovis ammon), blue sheep (Pseudois nayaur), red fox (Vulpes vulpes),
and wolf (Canis lupus) was obtained. We found that the wild camel, kiang,
goitered gazelle, argali, and blue sheep were predominantly diurnal at watering
sites, whereas red fox and wolf were nocturnal. Five herbivores partitioned the
use of watering sites in a temporal manner to minimize the risk of predation
by carnivores. The wild camel was the dominant herbivorous species at the
watering sites. The kiang, goitered gazelle, argali, and blue sheep displayed
adaptive water use by altering spatial or temporal patterns based on the pres-
ence or absence of wild camel, to minimize the risk of interspecific strife. These
results are suggestive of the differences in activity patterns that might modulate
water partitioning by different species, and provide insights for the development
of conservation strategies for integrated species and decisions regarding water
development in the Altun Mountains.
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1 Introduction

Animal ecology and conservation requires an understanding of animal behavior
and activity patterns. Habitat use, migration, and interspecific competition
associated with activity patterns have been well studied [?, ?, ?, ?, ?]. Activity
patterns can be influenced by both biotic and abiotic factors in the environment
[?]. In terms of abiotic factors, the activity patterns of desert animals are
primarily influenced by high temperatures. However, in terms of biotic factors,
population interactions play a determinative role. In recent years, research has
been focused on the predator/prey relationship and associated activity patterns,
the influence of interspecific competition on activity patterns, and variations in
activity patterns under extreme temperatures in desert areas [?, 7, 7, ?].

Activity patterns can reflect the trophic level, community status, and viability
stress of the animals. Research on activity patterns is helpful to understand
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behavior strategy of animals and how they adapt to biotic and abiotic factors.
Understanding the activity pattern of sympatric species can provide insights
into species coexistence and niche partitioning, and has practical value for the
development of conservation strategies for integrated species.

Over the past decades, camera trapping is being used to record elusive species,
monitor species diversity, study activity patterns, and conduct population esti-
mations of animals [?, 7, ?]. Many studies appear to estimate population density
or detect species presence or absence in given areas. The use of camera trap-
ping has been revolutionary for studying wildlife behavior, as they are difficult
to observe in their natural habitat due to their solitary nature [?]. Some studies
deal with activity budget and a smaller number with more specific behaviors,
such as the use of mineral licks [?], storing behavior [?], and grouping behavior
[?, ?]. However, the use of camera trapping on resource partitioning in mammal
communities in a given ecosystem was scarce.

In arid and semi-arid regions, water is often considered as a limiting factor in
determining the distribution and activity of desert animals [?, ?, ?]. Although
desert animals can obtain water from their diets, the amount of water gained
from food is limited. Their survival, therefore, still depends on free water from
watering sites [?]. Desert animals actively use watering sites which are also
high risk areas for predation [?]. Camera trapping at these sites is a practical
approach for investigations into the animals of arid regions [?]. Moreover, the
use of camera trapping data of animal behavior and activity could be a feasible
method to study community structures and interspecific competition, and to
evaluate overlap or partition of niches. Camera trapping at watering sites will
also be beneficial in assessing the influence of environmental change and human
disturbance on the use of water resources by wildlife, and aiding in the develop-
ment of recommendations on ways in which watering sites in arid areas could
be managed and conserved.

As part of a larger project to examine the richness and distribution of wildlife,
we conducted camera trapping surveys at watering sites in an arid region of the
Altun Mountains from 2010 to 2012. A total of 26 species were captured in the
survey. There were 11 species of mammals, including the wild bactrian camel
(Camelus ferus), kiang (Equus kiang), goitered gazelle (Gazella subgutturosa),
blue sheep (Pseudois nayaur), argali (Ovis ammon), wolf (Canis lupus), red
fox (Vulpes vulpes), snow leopard (Panthera uncia), dhole (Cuon alpinus), lynx
(Lynz lynz), and woolly hare (Lepus oiostolus). At the same time, 15 species of
birds including the bearded vulture (Gypaetus barbatus), golden eagle (Aquila
chrysaetos), and Himalayan griffon (Gyps himalayensis) were captured in the
photos. The frequency with which the snow leopard, dhole, and lynx were
captured was extremely low. However, the wild camel, kiang, goitered gazelle,
argali, blue sheep, red fox, and wolf all exhibited higher abundance. Among the
five ungulates recorded, the wild camel is a critically endangered species, the
goitered gazelle is vulnerable, the argali is near threatened, and the kiang and
blue sheep are regarded as species of least concern. The activity patterns of
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the seven species were investigated, and the niche overlap and partitioning of
watering sites by the seven species was evaluated by the activity patterns.

2.1 Study Area

This study was carried out in the northern piedmont (1700-2400 m a.s.l.) of
the Altun Mountains (39°03 -39°13 N, 91°30 -91°47 E). This area is located
in the Xinjiang Lop Nur Wild Camel National Nature Reserve, China. The
climate of this area is extremely arid with an annual precipitation of less than
50 mm that occurs mainly during the summer (May-August). The monthly
mean temperature ranges from -14.7°C in January to 27.8°C in July.

In this area, watering sites are really scarce; all available watering sites for the
wildlife are located in the northern piedmont of the Altun Mountains. Watering
sites are filled by springs concentrated along the base of the north slope of the
mountain range, which is the source of most of the water in the region. We
found seven watering sites that covered most of the area from east to west in
the northern piedmont of the Altun Mountains. Watering sites in the mountains
provide water for a variety of ungulates and carnivores.

The arid environment supports only sparse vegetation. The areas around the
watering sites are dominated by Populus euphratica, Phragmites australis, and
Achnatherum splendens, whereas the valleys and vast desert areas are predom-
inantly occupied by Sympegma regelii, Reaumuria kaschgarica, and Ephedra
przewalskii.

2.2 Camera Trapping

Seven watering sites in the northern piedmont of the Altun Mountains were
monitored from July 2010 to September 2012 (no survey was conducted between
April and October 2011 because of the interruption of this project). The western
and eastern watering sites were about 90 km apart, along the Altun Mountains.
Cameras were positioned adjacent to the water or 3-5 m from animal trails.
Two to four cameras were set near each watering site, according to the topology
of these sites. We used Ltl-5210 cameras (Lens: F=3.1 mm, FOV=52°) with
passive infrared motion sensors.

2.3 Data Analysis

We deleted consecutive photos of the same individual or group within 30-min
time frames at the same site, and considered image sequences that were sepa-
rated by 30 min to be independent events [?, ?]. Independent photo numbers
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of wild camel, kiang, goitered gazelle, argali, blue sheep, red fox, and wolf were
counted, respectively.

To analyze the diel activity patterns, we divided a 24-h period into hour-long
segments, and each independent record was classified within those intervals.
The hourly index of relative activity for each watering site was calculated as
the number of photos taken each hour divided by the total number of photos
during the whole trapping days at each watering site multiplied by 100. Species
were classified as diurnal, nocturnal, or crepuscular, according to their periods
of greater activity (i.e., higher recorded frequencies).

For the monthly activity pattern, each independent record was classified within
each month. The monthly index of relative activity was calculated as the number
of photos taken each month divided by the number of operational cameras in
this month.

The Schoener formula was used to calculate the index of temporal niche overlap
between species ¢ and species j [?] as follows:

1 n
a;;=1-— ) Z Piq _pja|
a=1

where «;; represents the index of temporal niche overlap between species i and
species j; p;, represents the activity index of species 7 at a given hour (or month);
and p;, represents the activity index at a given hour (or month) of species j.

The total index of temporal niche overlap equals the diel index of temporal niche
overlap multiplied by the monthly index of temporal niche overlap. Cluster
analysis was then used for construction and evaluation of the total index of
temporal niche overlap between every two species using the R package [?]. After
constructing the matrix of total index of temporal niche overlap, we transformed
the distance matrix into the Dist data. Hierarchical clustering data were then
used in the cluster analysis, thus generating the cluster dendrogram.

3.1 Camera Trapping

Our camera monitoring efforts at each site ranged from 224 to 1830 camera
trapping days for a total of 7098 camera trapping days for the duration of the
study. The wild camel was the only species that was captured at all observation
sites, and was present in almost 62% (3964 records) of all individual photographs.
This suggests that wild camel was the dominant herbivorous species at the
watering sites. Cameras recorded 1406 visits by kiangs; 355 by goitered gazelles;
164 by blue sheep; and 103 by argalis. Wolves and red foxes were the dominant
carnivorous species at watering sites, as they were captured in 123 and 268
individual photographs, respectively.
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3.2 Diel Activity Pattern

Two species were observed to be mainly diurnal, i.e., wild camel (72% of all
records, n=2854) and kiang (69%, n=970). The highest activity levels of wild
camel occurred between 10:00 and 16:00 (LST), whereas those of kiang were be-
tween 13:00 and 16:00. The other three ungulates were strictly diurnal, i.e., goi-
tered gazelle (97%, n=344), blue sheep (94%, n=154), and argali (98%, n=101),
with the highest levels of activity occurring between 14:00 and 18:00, 12:00 and
15:00, and 12:00 and 16:00, respectively. The red fox was strictly nocturnal
(92%, n=247), with maximum levels of activity from 00:00 to 03:00. The wolf
was mainly nocturnal (65%, n=_80), with the maximum levels of activity from
02:00 to 03:00, and 05:00 to 07:00 (Fig. 1 [Figure 1: see original paper]).

3.3 Monthly Activity Pattern

The monthly activity of wild camels was highest during the transition seasons
(April and October), and lowest in the summer (June to August). From April
to August, kiangs visited the watering sites more often (Fig. 2a [Figure 2: see
original paper]). Among the smaller ungulates, goitered gazelles rarely visited
the watering sites during the summer and autumn, with the highest levels of
activity in March and December. The highest activity levels of argali occurred
in May and October. Blue sheep showed no obvious peak of activity (Fig. 2b).
Between the two carnivores, the highest activity levels of the wolf occurred in
May and September, whereas those of the red fox occurred only in May.

3.4 Temporal Niche Overlap

Based on the diel and monthly activity patterns, we calculated the pairwise total
index of temporal niche overlap of the seven species (Table 1 ). The dendrogram
in Figure 3 [Figure 3: see original paper] showed the results of cluster analysis
of the pairwise total index of temporal niche overlap. The cluster analysis
created two groups; species in each group showed similar activity patterns. Thus,
two obvious groups were observed in the dendrogram. One group comprised
the carnivores, including the wolf and red fox; and the other group, the five
herbivores, including wild camel, kiang, goitered gazelle, argali, and blue sheep.
In the herbivore group, wild camel and kiang were classified within the same
branch, which was separated from that of the other three small herbivores.

4 Discussion

During the monitoring period, we obtained only two records of Eurasian lynx,
five records of snow leopard, and seven records of dhole. These species are not
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common and dominant animals in this arid area. Due to the low detection prob-
ability of these species, it is difficult to study the interspecific competition and
the predator/prey relationship of these species at watering sites. The absence
of these carnivores is one reason why wolf and fox are the main predators and
the ungulates are abundant near the watering sites.

Desert ungulates can obtain water from the plants they eat to supplement the
free water that they find [?, ?]. Wild camels and goitered gazelles may rely
heavily on forage during summer when the moisture content is high. This might
explain why wild camels and goitered gazelles use watering sites less frequently
during summer. We found a large number of foraging traces of these two species
during summer in the field survey. Wild camels and goitered gazelles mainly
wander in Gobi and other desert areas. Habitat preference may be another
reason they use watering sites less frequently during summer. Because the
watering sites in arid areas were spatially fixed and limited, the watering sites
are also high-risk areas for predation. Animals like wild camel and goitered
gazelle will obtain enough water from plants during summer when the moisture
content is high in vast desert areas far away from the watering sites. It is not
necessary for them to visit watering sites. They may only visit the watering
sites in the Altun Mountains when their physiological needs cannot be satisfied.
Kiangs and blue sheep mostly live in the mountainous region and typically do
not enter the adjacent desert area to forage for plants with a high moisture
content. Therefore, no significant peak was observed for these species in any
given month.

Since the watering sites were scarce and spatially fixed in arid areas, it was
common for sympatric species to use the same watering sites. In order to coexist,
different species develop various spatial or temporal patterns of water use. In the
Altun Mountains, the wolf is the main carnivore and a predator of all ungulates
in the area. The cluster analysis showed that the seven species were separated
into two categories, i.e., carnivores and herbivores (Fig. 3). As the diel activity
pattern showed, the carnivores were nocturnal, and the herbivores were diurnal.
Temporal partitioning of watering sites is an effective strategy for herbivores to
avoid being preyed on by carnivores.

Interspecific competition leads to spatial and/or temporal segregation. Species
with a relatively large body size always occupy the dominant position, whereas
subordinate competitors might display adaptive behavior by altering spatial or
temporal patterns of resource use, based on the presence or absence of a domi-
nant competitor [?, 7, 7, ?]. Valeix et al. [?] reported that the activity patterns
of smaller herbivores in waterholes were influenced by elephants, which repre-
sent the dominant large species in Hwange National Park, Zimbabwe. Vieira
and Port [?] found that the larger crab-eating fox (Cerdocyon thous) could be
limiting the activity of the pampas fox (Pseudalopex gymnocercus) via interfer-
ence competition. Our findings were similar.

In the Altun Mountains, the wild camel is the largest herbivore. Moreover, the
wild camel was the only species that was recorded as the most abundant at all
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watering sites. The kiang was the second largest herbivore under investigation,
and it showed a similar activity pattern to that of the wild camel. However,
the kiang was recorded at four watering sites, and its highest activity levels at
those watering sites were of a shorter duration than those of the wild camel. As
subordinate competitors, the other three small herbivores displayed adaptive
activity patterns, according to the presence and frequency of visits by the wild
camel and kiang at watering sites. When visiting watering sites, the smaller
herbivores altered their temporal niches to mitigate the risk of interspecific strife.
Unlike the wild camel and kiang that visited watering sites during the day and
night, the goitered gazelle, argali, and blue sheep diurnally used the watering
sites. Differences in the highest activity levels between large herbivores and
small herbivores were also observed. Because the watering sites were spatially
fixed and limited, we also observed interspecific contact between wild camel and
the other small ungulates in some photos. In those photos, the wild camel was
observed to have chased goitered gazelle, argali, and blue sheep on encounter,
or the small ungulates were observed waiting beside the watering sites, out of
the way of the wild camel.

5 Conclusions

Our findings suggest a difference in activity patterns that might serve to mod-
ulate water partitioning by predator/prey and various ungulates in the Altun
Mountains. These results provide new and interesting insight into the commu-
nity structure of desert animals and would aid in the development of conserva-
tion strategies for integrated species in this arid and dynamic area. It is also
important for the conservation of rare and endangered species in this area. In
recent years, mining activities have increased in the Altun Mountains. The
accompanying human use of watering sites has interfered with the resources
available to wildlife. Particularly in this arid area, watering sites for wildlife
have become more limited, thereby causing more intense interspecific strife. It
is important for wildlife managers to prevent or limit mining activities at water-
ing sites.

A feasible management plan would entail the continuous monitoring of water-
ing sites and a greater focus on interspecific competition. The development of
anthropogenic watering sites should become an integral part of wildlife manage-
ment in the Altun Mountains, considering the effects of climate change.
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