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Abstract
To understand the basic status of wildlife in the Xinjiang Altun Mountain
National Nature Reserve, a wildlife resource survey was conducted using in-
frared camera technology in the Qimantag Mountain area in the northeastern
part of the reserve from January 2021 to January 2022 and from December
2022 to January 2024. During the survey period, the infrared cameras accu-
mulated 17,529 effective camera-days and captured 7,237 effective independent
photographs of wildlife. The results showed that: (1) 6,045 effective indepen-
dent photographs of wild mammals were captured, identifying 19 species of
wild mammals belonging to 5 orders and 8 families, with a Shannon-Wiener
diversity index of 3.05 and a Pielou evenness index of 0.71; the top 5 wild
mammal species ranked by Relative Abundance Index (RAI) were Tibetan wild
ass (Equus kiang, RAI=85.85), woolly hare (Lepus oiostolus, RAI=82.26), blue
sheep (Pseudois nayaur, RAI=44.04), wild yak (Bos mutus, RAI=35.26), and
wolf (Canis lupus, RAI=26.41). (2) 1,182 effective independent photographs
of wild birds were captured, identifying 50 species of wild birds belonging to
10 orders and 21 families, with a Shannon-Wiener diversity index of 4.31 and
a Pielou evenness index of 0.76; the top 5 wild bird species were Himalayan
snowcock (Tetraogallus himalayensis, RAI=9.81), desert wheatear (Oenanthe
deserti, RAI=8.04), red-billed chough (Pyrrhocorax pyrrhocorax, RAI=7.25),
black-necked crane (Grus nigricollis, RAI=6.33), and horned lark (Eremophila
alpestris, RAI=5.42). (3) There were 11 and 18 National Class I and Class
II key protected wildlife species, respectively; the China Biodiversity Red List
classified 6 species as Endangered, 7 as Vulnerable, and 13 as Near Threatened;
stone marten (Meles fonia), dhole (Cuon alpinus), white-winged lark (Alauda
leucoptera), and Chinese blackbird (Turdus mandarinus) were new records for
the Altun Mountain Reserve. (4) Daily activity rhythm analysis indicated that
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blue sheep, wild yak, and wolf are diurnal animals, woolly hare is a predomi-
nantly nocturnal animal, while Tibetan wild ass is a cathemeral animal. The
research results provide baseline data for the establishment of Kunlun Mountain
National Park and wildlife resource monitoring, and also provide a scientific ba-
sis for strengthening the conservation and management of the Altun Mountain
Reserve.
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Abstract

To understand the status of wildlife in the Altun Mountain National Nature Re-
serve, Xinjiang, we conducted a camera-trap survey in the Qimantag Mountain
area of the reserve’s northeastern region between January 2021 and January
2022, and again from December 2022 to January 2024. Over 17,529 effective
camera-trap days, we obtained 7,237 independent detections of wildlife. The
results showed: (1) For mammals, we recorded 6,045 independent detections,
identifying 19 species across 5 orders and 8 families. The Shannon-Wiener di-
versity index and Pielou evenness index were 3.05 and 0.71, respectively. Based
on the relative abundance index (RAI), the five most abundant species were Ti-
betan wild ass (Equus kiang, RAI = 85.85), woolly hare (Lepus oiostolus, RAI
= 82.26), blue sheep (Pseudois nayaur, RAI = 44.04), wild yak (Bos mutus,
RAI = 35.26), and wolf (Canis lupus, RAI = 26.41). (2) For birds, we recorded
1,182 independent detections, identifying 50 species across 10 orders and 21 fam-
ilies. The Shannon-Wiener diversity index and Pielou evenness index were 4.31
and 0.76, respectively. The five most abundant bird species were Himalayan
snowcock (Tetraogallus himalayensis, RAI = 9.81), desert wheatear (Oenanthe
deserti, RAI = 8.04), red-billed chough (Pyrrhocorax pyrrhocorax, RAI = 7.25),
black-necked crane (Grus nigricollis, RAI = 6.33), and horned lark (Eremophila
alpestris, RAI = 5.42). (3) Among recorded species, 11 are Class I and 18
are Class II nationally protected wildlife in China. According to the Red List
of China’s Vertebrates, 6 species are endangered, 7 are vulnerable, and 13 are
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near-threatened. Additionally, four species—dhole (Cuon alpinus), stone marten
(Meles fonia), Chinese blackbird (Turdus mandarinus), and white-winged lark
(Alauda leucoptera)—represent new records for the Altun Mountain Reserve. (4)
Activity pattern analysis revealed that blue sheep, wild yak, and wolf are di-
urnal, woolly hare is nocturnal, and Tibetan wild ass shows both diurnal and
nocturnal activity. These findings provide baseline data for wildlife resources in
the Altun Mountain Reserve and offer scientific support for the establishment
of Kunlun Mountain National Park and long-term wildlife monitoring.

Keywords: Altun Mountain National Nature Reserve; species list; endangered
species; relative abundance index; activity selection index

Introduction
China’s nature reserves represent the most resource-rich and species-diverse
areas for wildlife, serving as critical strongholds for rare and endangered species.
These protected areas play an essential role in conserving wildlife resources
and their habitats. However, most reserves were established under urgent cir-
cumstances when wildlife populations were severely threatened, and many lack
long-term monitoring programs, leaving resource status poorly understood. Tra-
ditional survey methods—including line transects, fixed-point observations, and
questionnaires—have significant limitations in efficiency, temporal coverage, and
spatial extent, making them inadequate for comprehensively assessing cryptic
and low-density species.

In contrast, camera-trap technology offers advantages of being non-invasive, ac-
curate, and capable of long-term monitoring, making it widely applicable for
wildlife surveys in Chinese nature reserves. This technology has substantially
accelerated wildlife inventories and improved conservation management. The Al-
tun Mountain National Nature Reserve (hereafter“Altun Reserve”) is located in
the“Kumkuli”plateau basin on the northern slopes of the central East Kunlun
Mountains, bordering Lop Nur to the east and connecting with the Qiangtang
Nature Reserve in Tibet and the Hoh Xil region in Qinghai—collectively known
as one of China’s “Four Great Uninhabited Areas.”Established as China’s
first plateau desert ecosystem reserve focused on ungulate conservation, Altun
Reserve protects a unique assemblage of endemic and rare wildlife, including
snow leopard (Panthera uncia), Tibetan antelope (Pantholops hodgsonii), and
wild yak (Bos mutus), along with endemic plants such as Pomatosace filicula
and Rhodiola quadrifida.

Due to its remote location, high altitude, and harsh conditions, biodiversity
surveys in Altun Reserve have been extremely challenging. Previous surveys in
2013 using line-transect methods documented 35 mammal and 122 bird species,
providing a foundation for subsequent monitoring. The proposed establishment
of Kunlun Mountain National Park presents unprecedented opportunities for
wildlife conservation, yet Altun Reserve—as a key component—lacks systematic
wildlife data needed for park planning. This study addresses this gap by con-
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ducting camera-trap surveys of mammals and birds in the Qimantag Mountain
region to provide baseline data for national park creation and biodiversity con-
servation.

1. Study Area
Altun Reserve is situated at the junction of Xinjiang, Qinghai, and Tibet within
Ruoqiang and Qiemo counties of Bayingol Mongolian Autonomous Prefecture,
Xinjiang (87°10�–91°18�E, 36°00�–37°49�N), covering approximately 45,000 km2.
The reserve lies in the Kumkuli large depression basin on the northern slopes of
the central East Kunlun Mountains, with an average elevation exceeding 4,500 m
and a highest peak (Muztagh) at 6,973 m. The climate is typical alpine, with no
absolute frost-free period, no distinct four seasons, only cold and warm season
alternation with prolonged cold periods, mean annual temperature of -4.2°C,
and annual precipitation of 300 mm. The reserve is dominated by alpine desert
and desert steppe, with diverse landscapes including high mountains, glaciers,
karst formations, meadows, grasslands, and lakes, supporting rich biodiversity.

2. Methods
2.1 Camera Trap Deployment

From January 2021 to January 2022 and December 2022 to January 2024, we
deployed camera traps in the Qimantag Mountain region of northeastern Altun
Reserve. Cameras were placed at 77 sites (Fig. 1) along animal trails, near water
sources, and in areas with signs such as feces, tracks, and carcasses. Cameras
were mounted on iron stakes 100 cm above ground to avoid flood damage. We
primarily used Ltl Acorn models initially, later switching to ULM5P models,
both set to“photo + video”mode with 1-minute intervals for 24-hour monitoring.
Memory cards and batteries were checked every 1–3 months. Due to summer
flooding, only 43 sites yielded usable data, with cameras operating for an average
of 77 ± 40 days per site, totaling 4,389 effective camera-days in the first phase
and 13,140 in the second phase (17,529 total).

2.2 Data Analysis

We identified mammals using A Guide to the Mammals of China (3rd edition)
and Catalogue of Mammals in China (2021), and birds using A Field Guide to
the Birds of China and A Checklist on the Classification and Distribution of
the Birds of China (4th edition). Protection status followed China’s National
List of Wildlife under Special Protection (2021) and the Red List of China’s
Vertebrates (2020), plus CITES appendices.

We converted image timestamps to local true solar time using sunrise/sunset
data from Mang’ai City, Qinghai (07:31 and 19:55, respectively). The day
was divided into three periods: dawn/dusk ($±$2 hours from sunrise/sunset),
daytime (post-sunrise to pre-sunset), and nighttime (post-sunset to pre-sunrise).
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For analysis, we defined independent detections as consecutive photos/videos of
the same species at a site separated by >30 minutes.

Relative Abundance Index (RAI):

𝐴𝐼 = (𝐴𝑖 × 1000)/𝑁

where 𝐴𝑖 is the number of independent detections of species 𝑖, and 𝑁 is the
total number of effective camera-days.

Shannon-Wiener Diversity Index (H):

𝐻 = −
𝑆

∑
𝑖=1

𝑃𝑖 log2 𝑃𝑖

where 𝑆 is the number of species and 𝑃𝑖 is the proportion of species 𝑖.
Pielou Evenness Index (E):

𝐸 = 𝐻/ log2 𝑆

Activity Selection Index (w_i):

𝑤𝑖 = 𝑜𝑖/𝑒𝑖

where 𝑤𝑖 is the selection index for time period 𝑖 (dawn/dusk, daytime, night-
time), 𝑜𝑖 is the proportion of independent detections during period 𝑖, and 𝑒𝑖 is
the proportion of the 24-hour day represented by period 𝑖. Values >1 indicate
preference, $�$1 indicate avoidance.

We used non-parametric kernel density estimation to analyze daily activity pat-
terns of the five most-detected mammals: Tibetan wild ass, woolly hare, blue
sheep, wild yak, and wolf.

3. Results
3.1 Overall Results

Camera traps operated for 17,529 effective days, yielding 7,237 independent
wildlife detections after removing consecutive images within 30 minutes. Mam-
mals comprised 6,045 detections (19 species, 5 orders, 8 families) and birds
comprised 1,182 detections (50 species, 10 orders, 21 families).

3.2 Mammal Diversity

Mammal Shannon-Wiener diversity and Pielou evenness indices were 3.05 and
0.71, respectively. The five most abundant species by RAI were Tibetan wild
ass (85.85), woolly hare (82.26), blue sheep (44.04), wild yak (35.26), and wolf
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(26.41). Among the 19 species, 11 are Class I and 5 are Class II nationally
protected wildlife. According to the Red List, 1 species is endangered (wild yak),
5 are vulnerable (Tibetan antelope, Tibetan wild ass, blue sheep, argali, and
Tibetan gazelle), and 7 are near-threatened (brown bear, stone marten, Pallas’
s cat, wolf, Eurasian lynx, red fox, and Tibetan fox). Four species represent
new records for Altun Reserve: dhole, stone marten, Chinese blackbird, and
white-winged lark .

3.3 Bird Diversity

Bird Shannon-Wiener diversity and Pielou evenness indices were 4.31 and 0.76,
respectively. The five most abundant species by RAI were Himalayan snow-
cock (9.81), desert wheatear (8.04), red-billed chough (7.25), black-necked crane
(6.33), and horned lark (5.42). Among the 50 species, 6 are Class I nationally
protected: black-necked crane, cinereous vulture, bearded vulture, golden eagle,
saker falcon, and Himalayan vulture. Seven are Class II protected, including
upland buzzard, Eurasian eagle-owl, and Tibetan snowcock. According to the
Red List, 1 species is endangered (saker falcon), 6 are vulnerable, and 6 are
near-threatened. One endemic species, the ground tit (Pseudopodoces humilis),
was recorded .

3.4 Activity Patterns

Daily activity patterns of the five most abundant mammals showed distinct tem-
poral niches [Figure 3: see original paper]. Tibetan wild ass exhibited relatively
constant activity throughout the day (daytime 𝑤𝑖 = 1.01, dawn/dusk 𝑤𝑖 = 0.97,
nighttime 𝑤𝑖 = 0.78). Woolly hare was primarily nocturnal (nighttime 𝑤𝑖 =
1.52) with reduced daytime activity (𝑤𝑖 = 0.47). Blue sheep showed a clear uni-
modal diurnal pattern (daytime 𝑤𝑖 = 1.43) with activity peaks at 10:00–12:00
and 16:00–18:00, and minimal nighttime activity (𝑤𝑖 = 0.13). Wild yak was
diurnal (daytime 𝑤𝑖 = 1.35) with peaks at 12:00–16:00 and 20:00–22:00. Wolf
showed a unimodal diurnal pattern (daytime 𝑤𝑖 = 1.30) with peaks at 12:00–
18:00 and reduced nighttime activity (𝑤𝑖 = 0.52) .

Discussion
Wildlife resource investigation is a fundamental responsibility of nature reserves
and essential for developing conservation strategies. Previous comprehensive
surveys in Altun Reserve documented 35 mammals and 122 birds, but lacked
systematic monitoring data for scientific assessment. Our camera-trap survey
in Qimantag Mountain recorded 19 mammals and 50 birds, including cryptic
species like stone marten and pack-living dhole, demonstrating the effectiveness
of camera traps. Two bird species—white-winged lark and Chinese blackbird—
represent new reserve records.

The Qimantag Mountain region shows relatively high wildlife diversity, consis-
tent with its complex topography and heterogeneous habitats. As part of the
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northern Qinghai-Tibet Plateau, the area’s diverse landscapes—from wetlands
to alpine deserts—support a rich assemblage of plateau-adapted species. The
high diversity indices indicate a stable and healthy ecosystem. Carnivores such
as snow leopard, lynx, wolf, and raptors, along with their prey (Himalayan
marmot, woolly hare, blue sheep, and ungulates), occupy various trophic levels,
maintaining ecosystem balance.

Activity patterns reflect behavioral adaptations to environmental pressures.
Wild yak, the largest species, dominates the landscape, forcing other species
to adjust activity timing. Tibetan wild ass, a potential competitor, shows
temporal partitioning to reduce interspecific competition. Blue sheep and wild
yak exhibit similar diurnal patterns but occupy different habitats—blue sheep
on steep rocky slopes and wild yak in open alpine meadows—demonstrating
spatial niche separation that facilitates coexistence. Woolly hare’s nocturnal
activity likely reduces predation risk from diurnal predators like wolves and
raptors.

Camera-trap technology effectively overcomes limitations of traditional methods
in this rugged terrain, providing valuable baseline data for Altun Reserve and
Kunlun Mountain National Park planning. However, our survey was limited to
northeastern Qimantag Mountain, representing only a fraction of the proposed
national park area. Future work should expand spatial coverage and implement
standardized, long-term monitoring protocols to better assess wildlife diversity
and distribution across the entire region.
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