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Abstract 

Background: Global climate change has had significant effects on animal distribution and population dynamics 
in mid-latitude alpine areas, but we know little about the basic ecology of high-altitude species due to the difficul-
ties of conducting field research in the harsh climate and habitat present at high elevations. The Tibetan Snowcock 
(Tetraogallus tibetanus) is a little-known phasianid distributing in alpine areas at extremely high elevations in the 
mountains surrounding the Tibetan Plateau. Estimating the species occupancy rate and discussing the factors affect-
ing its distribution based on infrared-triggered camera techniques would provide both a baseline to measure the 
influence of global warming and valuable information on its conservation and ecology.

Methods: We used infrared-triggered cameras to investigate the Tibetan Snowcock on the western slope of Mt. 
Gongga from June to November 2016. We used the R package “overlap” to visualize its activity pattern, and used an 
occupancy model to both examine its habitat use as well as to determine the most influential variables affecting its 
habitat use.

Results: Using 103 camera traps over 9213 camera-days, we recorded 428 instances of Tibetan Snowcock. The diel 
activity peaks of Tibetan Snowcock occurred during the periods of 8:00‒10:00 am and 18:00‒20:00 pm. The model 
estimate of occupancy for Tibetan Snowcock (0.830) was slightly higher than the naïve site occupancy based on cam-
era detections (0.663), indicating a wider use of habitat than the camera traps recorded. Elevation, slope, settlement 
density, road density, and EVI (enhanced vegetation index) were the most influential variables for its habitat use.

Conclusions: The Tibetan Snowcock is confirmed to be diurnal. This species prefers an environment with a high 
elevation, gentle slope, and low EVI, apparently facing a trade-off between predator risk, foraging efficiency, and food 
availability. When human impact was low, there was a positive correlation between the habitat use of the Tibetan 
Snowcock and both its road and settlement densities. Infrared cameras and proper survey design are valuable for 
investigating extreme alpine phasianids.
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Background
In recent decades, many environmental changes have 
occurred in response to global climate change in the 
mid-latitude alpine regions, including glacier retreat, the 
spring phenology of local vegetation, and the composi-
tion of the plant community (Wookey et al. 2009; Li et al. 
2010b; Shen et al. 2015; Ferrarini et al. 2017), all of which 
have the potential to affect bird populations. Therefore, 
determining the status of species in these areas is a valu-
able conservation research priority. Out of 179 species of 
phasianid, 63 occur in China (Zheng 2005), but most of 
them are lacking information on basic ecology and dis-
tribution. Information for those phasianids distributing 
in alpine regions is especially lacking, due to the difficul-
ties in conducting field research in their environment. 
Alpine areas are hard to reach and have extreme climate 
conditions. Local species are also difficult to observe. 
Besides global climate change, recent research suggests 
that many phasianids are also suffering habitat loss due to 
hunting, livestock use, and disturbance from tourism and 
traffic (Li et al. 2010a; Srivastava and Dutta 2010; Zhang 
et al. 2017). Monitoring these alpine species and provid-
ing a baseline for the influence of global warming and 
human disturbance are thus becoming an urgent priority 
in China (Ding and Zheng 2000; McGowan et  al. 2009; 
Soldatini et al. 2010).

Choosing the proper approach monitoring wildlife is 
always a challenge in management or conservation (Pol-
lock et  al. 2002). The use of infrared-triggered camera 
traps has increased dramatically in recent years (Garrote 
et al. 2011; Niedballa et al. 2016). It has been proposed as 
an effective tool for investigating medium- to large-sized 
terrestrial vertebrates, and especially for studying and 
monitoring elusive species (Janecka et  al. 2011; Burton 
et al. 2015; Tan et al. 2017). O’Brien and Kinnaird (2008) 
reviewed the use of camera traps in bird research and 
suggested the method was most appropriate for large, 
ground-dwelling birds. Li et  al. (2010a) also suggested 
cameras were valuable for surveying or monitoring pha-
sianids. So far, we still do not know whether camera traps 
can perform well in extreme alpine habitats where the 
temperature varies highly within a single day, and there 
are no trees or shrubs on which to fix or hide cameras. If 
camera traps can be effective in this environment, when 
coupled with proper design they could be a valuable tool 
for monitoring phasianids in extreme high-elevation 
areas.

The Tibetan Snowcock (Tetraogallus tibetanus), a typ-
ical alpine phasianid, mainly ranges across the Qinghai-
Tibetan Plateau from Pamirs in the west to Mt. Gongga 
in the east (MacKinnon et  al. 2000). It is a Category 
II National Protected Animal in China, and is listed 
in CITES Appendix I (www.cites .org) and evaluated 

as a Least Concern species by the IUCN (www.redli 
st.org). According to limited descriptions, the Tibetan 
Snowcock inhabits a zone exceeding 4000  m in sum-
mer, and 3000 m in winter. Its breeding season begins 
in mid-May, and as a precocial species the snowcocks 
normally led to forage on the same day they hatch from 
their eggs (Zheng 2015). As the species distributes at 
elevations close to glaciers and the snow line (MacKin-
non et al. 2000), it is worried that it may be susceptible 
to influence by glacial retreat and the coinciding rise in 
temperature. Global warming has been responsible for 
the partial melting of glaciers on the Qinghai-Tibetan 
Plateau (Li et  al. 2010b). Previous research suggested 
that the population size of the Tibetan Snowcock has 
declined in the 1990s (Soldatini et  al. 2010). Unfortu-
nately, due to the difficulties in conducting field work 
at extremely high elevations and on rocky terrain, its 
global population size and trends have not been rigor-
ously quantified (del Hoyo et al. 1994).

Due to the potential influence of climate change and 
the current lack of information on the Tibetan Snow-
cock’s life history and other basic ecology, understanding 
the species habitat use and diel activity pattern is there-
fore essential to its conservation (Guisan and Thuiller 
2005; Singh and Macdonald 2017). The occupancy model 
(Mackenzie et  al. 2002) is an important way for model-
ling habitat use, as it explicitly accounts for imperfect 
detection during surveys, thus enabling analysis of how 
each different covariate affects it. The assumptions of this 
model are (1) there is no change in habitat use intensity 
between surveys, and (2) the detection of the species at 
a site is independent of detection of the species at any 
other sites. At the same time, the change in occupancy 
rates could represent the change in population dynamics 
between surveys, which is more effective than using rela-
tive abundance indices based on trapping efforts, because 
of the difficulty of standardizing surveys over time and 
space (O’Brien and Kinnaird 2008). Therefore, estimating 
the occupancy rate of Tibetan Snowcock provides a base-
line of its habitat use and current population status for 
future research on the influence of global warming.

As a global biological diversity hotspot, the Hengduan 
Mountain Range is one of the main regions of distribu-
tion of the Tibetan Snowcock and other several rare 
phasianids, including the Chinese Monal (Lophophorus 
lhuysii), Buff-throated Partridge (Tetraophasis szechenyii) 
and Blood Pheasant (Ithaginis cruentus) (MacKinnon 
et  al. 2000; Marchese 2015; Wu et  al. 2017). This vast, 
mountainous region is likely to face presently unknown 
effects from global climate change, including habitat loss 
for species at high elevations. Mt. Gongga, as the highest 
mountain within this biological hotspot and an Impor-
tant Bird Area (IBA Code: CN219), is an ideal place to 

http://www.cites.org
http://www.redlist.org
http://www.redlist.org
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study the high alpine species and the possibility of cam-
era trap use in high-elevation areas.

In this study, we used camera traps to investigate the 
Tibetan Snowcock on the eastern edge of the Qinghai-
Tibetan Plateau during its post-breeding period to (1) 
determine the species’ diel activity pattern; (2) examine 
its habitat preference based on the occupancy model; 
and (3) discuss ways of improving the survey method and 
future protocol in remote sensing techniques for high-
elevation species.

Methods
Study area
The work was carried out on the western slope of Mt. 
Gongga (29°01ʹ‒30°05ʹN, 101°29ʹ‒102°12ʹE), located 
on the eastern edge of the Qinghai-Tibetan Plateau in 
Sichuan Province, China. The main peak, Mt. Gongga, 
is the highest point in the Hengduan Mountains (Fig. 1). 

The vertical climatic zonation on the western slope of 
Mt. Gongga includes a sub-alpine cool temperature zone, 
an alpine sub-frigid zone, an alpine frigid zone, and a 
permanent snow zone. The major vegetation types are 
deciduous forest, conifer–deciduous mixed forest, coni-
fer forest, alpine scrub, alpine meadow, flat or gently 
sloping rocky areas, and glacier. Mt. Gongga is also one 
of the most eastern glacial areas in China with five valley 
glaciers of a length greater than 10 km, including Hailu-
ogou glacier, Mozigou glacier, Yanzigou glacier and Nan-
menguangou glacier on the eastern slope, and Gongba 
glacier on the western slope (Li et al. 2010b). Dozens of 
mountains with elevations over 6000  m surround the 
main peak of Mt. Gongga, and together with the glaciers 
form a magnificent landscape and the environment of the 
Tibetan Snowcock.

Fig. 1 Locations of camera traps in Mt. Gongga, China
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Field survey
The survey was carried out from late June to early 
November 2016 with a survey area around of 650  km2. 
We divided the survey area into 5  km × 5  km blocks 
using geographic information systems (GIS), and two 
transect trails were established in each block with a dis-
tance of at least 1 km between them. When the transect 
survey began, trained staff deployed two camera traps 
(Ltl-6210MG, China) on each transect trail somewhere 
likely to be used by animals at their own discretion. In 
total, 103 camera traps were deployed between 3925 
and 5084  m in elevation (Fig.  1). Each camera trap was 
carefully hidden in a rock pile to prevent animal distur-
bance. The camera traps were placed 30‒40  cm above 
ground and set to work 24 h/day with a two-second delay 
between consecutive exposures. If any activity triggered 
the camera, three consecutive photographs followed by 
a 9  s video were recorded. We recorded the GPS loca-
tion, elevation, slope, aspect, and vegetation type at each 
camera sample site. The beginning date of each camera 
trap was the date when the camera was deployed. At the 
end of the survey, the camera traps were tested to con-
firm that they were still operational; if not, the date on 
the last photograph was recorded as the last operational 
date. The time and temperature were recorded automati-
cally by the camera traps and shown on the photographs.

Data analysis
Camera traps that failed to collect data were first 
removed from the final dataset. Due to disturbances from 
curious animals and equipment failures, only 92 camera 

traps produced data included in our analysis. We defined 
a detection at a camera trap as one individual photograph 
of one species during a 30-min period. After importing 
and marking photographs captured by camera traps in 
DigiKam 5.3 (www.digik am.org), we extracted informa-
tion through a process using the R package “camtrapR” 
(Niedballa et  al. 2016). We obtained a relative abun-
dance index by calculating the number of photo-captures 
obtained for each species within a period of 100 trap 
days. To understand the diel activity periods of this pha-
sianid, we used the R package “overlap” to visualize its 
activity pattern.

To examine the habitat use of the Tibetan Snowcock, 
we divided the entire monitoring period into consecu-
tive 5-day segments. Then, as described by Mackenzie 
et  al. (2002), we set up a Tibetan Snowcock detection 
matrix, which would meet the two assumptions of this 
model as outlined in the introduction. Each element in 
the matrix represented one segment at one camera trap 
sampling site. We used 1 to represent that the Tibetan 
Snowcock was detected in this segment, used 0 to rep-
resent no detection, and used NA to represent data miss-
ing. Detection probability of the Tibetan Snowcock was 
assessed in relation to two detection covariates, and ten 
site covariates were considered to be potentially influ-
ential for its habitat use (Table  1). The elevation, slope, 
and aspect data were recorded by the field staff. The EVI 
(enhanced vegetation index) data were acquired from the 
Geospatial Data Cloud of the Chinese Academy of Sci-
ences (http://www.gsclo ud.cn). The administration of the 
Gongga Mountain National Nature Reserve provided the 

Table 1 Variables used to  estimate the  site occupancy rate and  detection probability of  Tibetan Snowcock 
in the occupancy model

Abbreviation Name Description

Site covariates

 ELE Elevation Numeric (range 3925‒5084 m)

 ASP Aspect Categorical (E, N, NE, NW, S, SE, SW, W)

 SLO Slope Numeric (range 1.7‒48.3°)

 DTRI Distance to the nearest river Numeric (range 30‒2749 m)

 DTRO Distance to the nearest road Numeric (range 29‒9023 m)

 DTSE Distance to the nearest settlement Numeric (range 1583‒15,715 m)

 RID River density Numeric (range 0.084‒0.482)

 ROD Road density Numeric (range 0.030‒0.207)

 SED Settlement density Numeric (range 0.000‒0.143)

 EVI Enhanced vegetation index Numeric (range 0.028‒0.301)

Detection covariates

 DATE Date Numeric (range − 5 to 135)
The average days of each segment away from the second segment (1‒5 July)

 LT Livestock Logical (TRUE: livestock photographed in a segment; FALSE: livestock not 
photographed in a segment)

http://www.digikam.org
http://www.gscloud.cn
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raw data on rivers, settlements, and roads. Therefore, the 
other six site variables (distance to the nearest river, dis-
tance to the nearest settlement, distance to the nearest 
road, river density, settlement density, road density) were 
extracted using geographic information systems (GIS) 
and the raw data.

Pearson’s correlation test was used to identify collin-
earity between all continuous site covariates (Additional 
file  1: Table  S1). Any combination of covariates with 
r > |0.6| was considered correlated (Tan et al. 2017). Dis-
tance to the nearest road and distance to the nearest set-
tlement were removed, because they were correlated with 
road density and settlement density respectively. Since 
road density and settlement density could represent dif-
ferent (lines and points) human impact, we retained these 
two covariates in the analysis. We also retained elevation 
and EVI, because the two site covariates should affect the 
use of habitat in different ways, e.g., physiology versus 
food richness.

Then, we used the R package “Unmarked” (Fiske et al. 
2011) and called on the occupancy model (Mackenzie 
et al. 2002) to estimate the occupancy rate and detection 
probability of Tibetan Snowcock. We modelled detec-
tion probability (p) by allowing the site covariates to 
remain constant. The significant contributing detection 
covariates were retained and used to model habitat use 
probability in relation to the site covariates (Long et  al. 
2011; Tan et  al. 2017). We used R package “MuMIn” to 
run and list all the potential models. Akaike’s informa-
tion criterion corrected (AICc) values were then used to 
rank the occupancy models (Sugiura 1978; Hurvich and 
Tsai 1991). All models with ΔAICc ≤ 2 were considered 
as competing models. The sum model weight of each 
covariate in these competing models was used to deter-
mine the most influential variables for the habitat use of 
the Tibetan Snowcock.

Results
Through data produced by the 92 camera traps used in 
analysis, our sampling efforts amounted to 9213 camera-
days, and the mean sampling duration was 94  days at 
each site. There were a total of detections of the Tibetan 
Snowcock resulting in relative abundance index of 4.646 
photographs per 100 trap days. The elevation of the low-
est site detection was 4118  m, while the highest was 
5084 m. Overall, 158 detections contained only one indi-
vidual Tibetan Snowcock, while 270 detections included 
at least two individuals. The largest recorded group size 
was 13 individuals (Fig.  2). The diel activity peaks of 
the Tibetan Snowcock occurred during the periods of 
8:00‒10:00 am and 18:00‒20:00 pm (Fig. 3).

Neither of the two detection covariates (DATE and 
LT) reached summed model weights of > 0.5 (Table  2), 

Fig. 2 Number of individuals in detections of Tibetan Snowcock 
photographed in Mt. Gongga, from June to November 2016

Fig. 3 Diel activity pattern of Tibetan Snowcock from combined data 
in Mt. Gongga, from June to November 2016

Table 2 Tibetan Snowcock detection probability (p) 
models

(a) We list all models, and present AICc weight, number of parameters (No. par.), 
twice the negative log likelihood (‒2LL). (b) Summed model weight of each 
detection covariates. The key for the covariate codes used is given in Table 1

Model ΔAICc AICc weight No. par. (‒2LL)

(a)

 p (.) 0.000 0.385 2 ‒770.245

 p (LT) 0.964 0.237 3 ‒769.660

 p (DATE) 1.076 0.225 3 ‒769.716

 p (LT, DATE) 1.836 0.153 4 ‒769.005

Detection covariates Summed model weights

(b)

 LT 0.263

 DATE 0.238
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indicating that they had no significant effect on detec-
tion probability of the Tibetan Snowcock, and detection 
probability was assumed to be constant. Out of 92 cam-
era traps, 69 recorded Tibetan Snowcock at least once, 
resulting in a naïve site occupancy of 0.663. The model 
with the lowest AICc estimated the occupancy at 0.830 
(Table  3), slightly higher than the naïve site occupancy, 
suggesting that the habitat use of the Tibetan Snowcock 
was wider than indicated by the camera trap record. 
Among competing models, elevation, slope, EVI, road 
density, and settlement density reached summed model 
weights of > 0.5, and these covariates were considered as 
weighted predictors for the habitat use of the Tibetan 
Snowcock. There was a positive correlation between 
habitat use and elevation, road density, and settlement 
density, while habitat use was negatively associated with 
slope and EVI (Fig. 4).

Discussion
The detections with an occurrence of at least two indi-
viduals totaled 270, indicating the species’ tendency for 
collective activity. Considering the relatively small moni-
toring range in each sample site, it is possible that the 
camera trap may photograph only one individual when 
a group of snowcocks pass by, meaning the 158 detec-
tions of one individual may underestimate the group size. 
Results thus indicate that more traps at each site would 
be needed to determine the correct group size, as sin-
gle camera is often unable to capture an entire group of 
Tibetan Snowcock. According to the results of the diel 
activity pattern study, we confirmed that Tibetan Snow-
cock is diurnal, like many other phasianids (O’Brien and 
Kinnaird 2008; Li et al. 2010a). However, the reason why 
the two peaks of diel activity occurred specifically dur-
ing 8:00‒10:00 am and 18:00‒20:00 pm is not yet known. 
Usually, phasianids forage in the morning and just before 
the nightfall, while resting at noon. In high alpine areas 
lacking trees or shrubs, the temperature would be higher 
and ultraviolet rays more intense at noon, and thus the 

Table 3 Tibetan Snowcock occupancy (ψ) models

(a) We list all models whose ΔAICc ≤ 2, null model, and present AICc weight, number of parameters (No. par.), twice the negative log likelihood (− 2LL) and estimated 
occupancy rate (ψ). (b) Summed model weight of each site covariates in the equivalent models. The key for the covariate codes used is given in Table 1

Model ΔAICc AICc weight No. par. (‒2LL) ψ (± SE)

(a)

 ψ (EVI, ELE, ROD, SED, SLO) 0.000 0.150 7 − 753.453 0.830 (± 0.073)

 ψ (EVI, ELE, RID, ROD, SED, SLO) 0.297 0.129 8 − 752.405 0.826 (± 0.073)

 ψ (ELE, ROD, SED, SLO) 1.152 0.084 6 − 755.197 0.789 (± 0.072)

 ψ (ELE, DTRI, ROD, SLO) 1.212 0.081 6 − 755.231 0.765 (± 0.084)

 ψ (EVI, ELE, DTRI, ROD, SLO) 1.289 0.078 7 − 754.098 0.932 (± 0.066)

 ψ (EVI, ELE, ROD, SLO) 1.417 0.074 6 − 755.330 0.812 (± 0.098)

 ψ (EVI, ELE, DTRI, ROD, SED, SLO) 1.446 0.073 8 − 752.980 0.837 (± 0.072)

 ψ (ELE, DTRI, ROD, SED, SLO) 1.494 0.071 7 − 754.200 0.799 (± 0.072)

 ψ (ELE, ROD, SLO) 1.542 0.069 5 − 756.534 0.761 (± 0.078)

 ψ (ELE, RID, ROD, SED, SLO) 1.629 0.066 7 − 754.267 0.776 (± 0.074)

 ψ (EVI, ELE, DTRI, RID, ROD, SED, SLO) 1.652 0.065 9 − 750.859 0.819 (± 0.075)

 ψ (ELE, DTRI, RID, ROD, SED, SLO) 1.828 0.060 8 − 753.171 0.770 (± 0.074)

 ψ (.) 22.413 ‒ 2 − 770.245 0.707 (± 0.053)

Site covariates Summed 
model 
weights

(b)

 ELE 1.000

 SLO 1.000

 ROD 1.000

 SED 0.697

 EVI 0.569

 DTRI 0.429

 RID 0.321
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Fig. 4 Correlations between Tibetan Snowcock estimated habitat use probability and site covariates of elevation, slope, road density, settlement 
density and EVI
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hump-shaped diel activity pattern may help phasianids 
avoid energy loss and negative effects from intense ultra-
violet radiation.

We found that the Tibetan Snowcock prefers an envi-
ronment with a high elevation, gentle slope, and low 
EVI. The preference for higher elevation coincides with 
its known ecology of living close to glaciers and the snow 
line. However, elevation is usually negatively correlated 
with vegetation productivity, represented by EVI in 
this study. Low EVI indicates low vegetation productiv-
ity and poor food resources for this strictly herbivorous 
species (Yan et  al. 2010), creating an apparent contra-
diction between habitat use and the availability of food. 
Therefore, we infer that there may be a trade-off between 
predator risk, foraging efficiency, and food availability. 
Bland and Temple (1990) reported the habitat selection 
of a small introduced Himalayan Snowcock (TetraogaI-
lus himalayensis) population in Nevada, USA, and their 
results suggested that the Himalayan Snowcock would 
trade higher foraging efficiency and better foraging habi-
tat for lower predation risk during summer. However, 
when predation risk is lower in winter, the Himalayan 
Snowcock would revert to using high-efficiency forag-
ing habitats. At higher elevations on Mt. Gongga, seeking 
food may be more difficult, but the Snowcock’s competi-
tors and predators, such as other phasianids and raptors, 
might be less common. At the same time, a gentler slope 
indicates a higher foraging efficiency as vegetation is 
exposed to more solar energy and is easier to access than 
on a steeper slope. Therefore, the Tibetan Snowcock’s 
preference for a higher-elevation environment with poor 
food richness may be a tradeoff with decreasing the risk 
of predation and interspecies food competition. Mean-
while, foraging efficiency increased by choosing habitats 
with a gentler slope. The results also showed that the hab-
itat use of the Tibetan Snowcock is positively correlated 
with road density and settlement density. Soldatini et al. 
(2010) also found that Tibetan Snowcock often foraged in 
potato fields in Nepal, indicating that human impact pro-
vided an advantage for Tibetan Snowcock and influenced 
the species’ distribution. We suggest further research to 
explore the reasons for the species’ apparent preference 
for habitat near human activity.

Our study also generated some recommendations for 
the improvement of future survey design and proto-
col. The highest elevation at which Tibetan Snowcock 
occurred was 5084 m, reaching the upper limit of the ele-
vation range in which we placed camera traps. The pres-
ence of the species at the limit of our study indicates that 
we need to place additional camera traps at higher-ele-
vation sites. Of the 103 sites sampled in Mt. Gongga, 11 
camera traps located at lower elevations did not work and 
the sites were thus not considered in our analysis. One of 

the main reasons was disturbance by animals, especially 
livestock, which trampled on and caused the malfunction 
of several cameras. Unlike fixed cameras on tree trunks 
in the forest, careful camouflage is important for cameras 
placed on the ground in extreme-high alpine areas. False 
triggers by non-animal events also deleted the memory of 
the camera with a few days or, in some cases, a few hours, 
resulting in incomplete monitoring data. Strong winds 
would falsely trigger camera traps by blowing twigs in 
front of lens. In extreme high-elevation areas where the 
cameras are placed directly under the sun, camera traps 
were also falsely triggered by sunlight. Therefore, staff 
should be careful to clear out the small area in front of 
lens and position the lens so as to avoid direct sunlight.

The population size of the Tibetan Snowcock is 
believed to be large (del Hoyo et al. 1994). However, the 
species distributes at elevations close to glaciers and 
the snow line, and faces the rapid retreat of glaciers in 
the Mt. Gongga region (MacKinnon et al. 2000; Li et al. 
2010b). Due to the small number of existing publications 
on this species, determining its population dynamics is a 
difficult task. In this study, we documented the estimated 
occupancy and altitudinal distribution of the species, 
which provides a baseline from which to assess the future 
effects of global warming in a high-altitude area (Sol-
datini et al. 2010). Along with the employment of remote 
sensing techniques and suitable survey designs, we 
believe the occupancy estimates of the Tibetan Snowcock 
will provide valuable information on the species’ popula-
tion dynamics in future long-term monitoring projects.

Conclusions
For the first time, we reported the occupancy rate and diel 
activity pattern of Tibetan Snowcock. We concluded that 
the distribution of this species exceeded 5000 m on eleva-
tion and it was diurnal. Habitat use of the Tibetan Snow-
cock is influenced by both natural conditions and human 
impact in the Qinghai-Tibetan Plateau. Elevation, slope, 
settlement density, road density, and EVI were the most 
influential variables affecting its habitat use. The Tibetan 
Snowcock prefers a higher elevation environment with 
poorer food richness in order to decrease the risk of pre-
dation and interspecific food competition. To increase 
foraging efficiency in an environment with poor food rich-
ness, the Tibetan Snowcock chooses habitats with a gentler 
slope. Further research is required to explore the reasons 
why the species’ habitat use is correlated with human activ-
ity. Along with occupancy estimations, long-term monitor-
ing of the population dynamics of the high alpine species is 
necessary for future studies.
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Additional file 1: Table S1. Pearson’s correlation test for all continuous 
site covariates.
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