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Abstract. In this systematic literature review, we sought to summarize methodological development used
to estimate their population abundance and density and factors associated with the observed spatial variability
in density estimates in key three species ibex Capra Sibirica, argali Ovis ammon, and blue sheep or bharal
Pseudois nayaur. We retrieved density estimates of these three species from 97 peer-reviewed articles pub-
lished between 1960 and 2023. We examined the relationship between density estimates (animal/km?) with
multiple predictor variables such as elevation, season, survey and estimation methodology (e.g. distance
sampling, total count, and double observer), sampling area, and whether the study area was protected or not
among other factors. Our results show extreme spatial variability in density estimates of all three species
(blue sheep, range = 0.1 to 9.3 individual/km? ibex, range = 0.006 to 6 individual/km?; argali, range = 0.008
to 8 individual/km?). The results of regression models indicate significant variability in density estimates, par-
ticularly for blue sheep, influenced by elevation, protected areas, and estimation methods. For ibex, sampling
area and season explained a larger proportion of variation whereas argali density was largely explained by
elevation, snow leopard presence, season, and estimation method. These findings shed light on the chal-
lenges of estimating prey density in snow leopard habitats and provide insights for reconciling contrasting
estimates, thus aiding in effective conservation efforts.
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Introduction

Globally, the population and distribution of large-
bodied herbivores (>15 kg) continue to decline due to
habitat loss, fragmentation, depredation, hunting, and
poaching [1]. The ungulates play an important essential
role in maintaining ecosystems by influencing vegetation
structure, nutrient cycling, and bottom-up control in
ecological rule (carrying capacity) [2]. As a food base for
carnivores, ungulates also help sustain the conservation
of threatened carnivore species. Understanding
their conservation status and threats is an important
conservation priority [3]. Central Asia and the Himalayas
are the habitats of several unique and threatened species

ofungulates [4], [5]. Atleast 12 ungulate species, including
argali, ibex, Mongolian gazelle, kiang, Przewalski’s
horse, wild yak, Bactrian camel, saiga antelope, blue
sheep, markhor, chiru have been documented in this
region [4]-[6]. These species maintain the productivity
of the arid and semi-arid rangelands of the region and
also form the food base for threatened species like snow
leopards and wolves [7], [8]. Despite conservation efforts
over the last three decades, multiple threats, including
livestock grazing [9], [10], cashmere production [11],
illegal hunting and poaching [12], habitat fragmentation
[13] and disease [14] continue to negatively impact on
wild ungulates in Central Asia.

An understanding of their abundance, density,
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and population dynamics is particularly important in
species conservation planning. Owing to the remoteness,
inaccessible terrain and harsh climate in central Asia
and the Himalayas, monitoring species distribution and
abundance has been challenging. Population density is
a vital parameter in conservation biology. Yet estimating
the density of ungulates is challenging because they
inhabit rough terrain, their group living life history,
low density, and migratory tactics, make their accurate
counting difficult. A number of methodologies have
been developed to estimate population density in wild
ungulates, such as camera traps, distance sampling,
sign surveys, open counts, double counts etc. Previous
studies, particularly ones estimating density of main
ungulate species in Central Asia, have employed various
methods. However, the result of these studies showed a
wide range of density estimation of prey species of snow
leopard. This could either reflect true variation or may
be just the result of sampling method and time. Lately,
there have been efforts to standardize field methods to
account for imperfect detection of species [15]. While
we have plenty of knowledge about basic biology and
ecology of these ungulates, a comprehensive review
of the methodological development that happened over
the last fifty or so years is lacking. Such a review can
provide insights into standardize wild ungulate density
estimation methodology.

With the aim of producing a systematic review of the
current state of knowledge and methodological trends,
we retrieved density estimates of three main prey species
of snow leopard from peer reviewed studies and examined
whether the method used, size of the study area, elevation,
and season of sampling is associated with variability in
density estimates. Our overarching aim is to assess
differences and provide suggestions and insights to
reconcile contrasting density estimates of the main prey
species of snow leopard. We hypothesize that there will
be an increasing pattern of adopting a standard method
post-2013 when the Snow Leopard Survival Strategy
was introduced in 2014 that recommended the use of the
double observer method to estimate ungulate population.

Method and materials
Data collection

We conducted a systematic literature review on
the distribution status and density estimates of three
main prey species of snow leopard- ibex, argali, and
blue sheep or bharal. First, we searched the following
keywords in Web of Science between 1959 and 2023:
Argali AND conserve* OR threats OR status AND pop*
OR abundance OR density on each of three species
(ibex, blue sheep, and agrali). We then filtered the
search results based on whether the articles contained

the relevant status, density, and distribution of these
three species, and searched for other relevant papers cited
in those papers. We included those studies that were
published in the English language with no limitation on
the year of publication and on estimates of the density of
ibex, argali, and blue sheep or bharal. Out of 212 papers
from Web of Science, the final filter resulted in a total
of 97 peer-reviewed articles, some of which contain
multiple estimates of density for different blocks or
over seasons. For each study, we extracted the following
information. Location, including site and country name
and whether a study site was protected, study period
including year, month, and season, survey method (e.g.
distance sampling, total count, or double observer),
sampling area, and population density estimates of each
species. Whenever density estimate was unavailable, we
divided the population size estimate by the total sampling
area to get density estimates of the study.

Data analysis

Because our response variable was numeric (density
estimate per square kilometer), we used linear regression
with a normal error distribution to model and understand
factors associated with the observed spatial variability
in density estimates. For each of the three species, we
constructed 15 plausible models (single variable and
additive) that we hypothesized would explain variation in
density estimates of selected three species of ungulates.
Before analysis, we standardized all predictor variables
so that model coefficients could be interpreted as effect
sizes and compared between alternative models. We also
assessed collinearity between the predictor variables using
Pearson’s correlation coefficients. We did not include
correlated covariates (Pearson’s [r| > 0.7) in the same model
[16]. We ranked these models based on their Akaike
Information Criterion (AIC), adjusted for small sample
sizes (AICs), defining sample size as the number of sites
[17]H19]. Models having a AAIC of <2 were considered
to be statistically different. Models that did not reach
numerical convergence were excluded and not considered.
The significance of each explanatory variable in explaining
the response variable was assessed by the direction and
magnitude of the variable’s slope (effect size). To infer the
relative influence of each variable on the response variable,
probability and model weights were summed over all
models containing the particular covariate. The figures
were prepared from the predicted values of the regression
models to visually depict the predicted relationship between
the response variable and the explanatory variable. All
analyses were carried out in R 3.4.2 (R Development Core
Team, 2017). Scatter plots with regression curves were
prepared to visualize the predicted relationship between
the response variable and predictor variables.
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Results
Blue sheep

Our review of peer-reviewed literature resulted in
45 studies conducted between 1979 and 2023 across
five countries, including Bhutan, Pakistan, Nepal, India,
and China. We obtained 140 data points on density
estimates of blue sheep. These studies have mostly
used three methods: double observer, distance sampling,
and total count, and the majority (90%) of the studies
were conducted between 2004 and 2023. The maximum
likelihood-based model selection results showed that the
additive influence of method and elevation best explains
the variability in estimates of blue sheep densities (Table 1,
AICweigm: 0.61). As shown Fig. 1, blue sheep density
estimates were significantly negatively correlated
with the elevation (B, (SE) = -0.008(0.0001)),while
the protected area seemed to positively correlate with
estimated density of blue sheep (B,,(SE)= 0.95(0.67))
however this effect size was not significant at 95 % CI.

Estimation methods also influenced the density estimates
with double observer methods consistently having higher
density estimates than other two methods (B,,(SE) =
5.4(1.4)). Also, estimation density of blue sheep varied
through seasonality based on top models such as autumn
positively associated with blue sheep estimates density
(B, SE) = 2.6(0.4)), whereas other three season
were appeared negatively correlate blue sheep density
estimates.

Ibex

We found 38 articles on ibex and extracted 148
points in density estimation of ibex. However, ibex
density estimates data were not available from Russia,
Uzbekistan and Turkmenistan. These studies were
conducted between 1950 and 2023.

The maximum likelihood based model selection
results showed that the additive influence of sampling
area, and season best explains the variability in estimates
of ibex densities (Table 2, AIC = 0.45%). Density

weight

estimates tended to be negatively correlated with size of
the sampling area, however the effect was not significant
(B, (SE)=-0.2(2.7). Presence of snow leopard negatively
correlated with ibex density estimates, however the
effect was not significant (B, (SE) = -0.3(0.28).
Sampling methods also seemed to have influenced the
density estimates with total count method producing
high density estimates than other distance sampling
and double observer method. Protected area did not
have significant influence on density estimates. Density
estimates of ibex varied with the season. Based on the
top models such as autumn positively associated with
ibex estimates density (B, (SE) = 1.6(0.3)), whereas
other three season were appeared negatively correlated
with ibex density estimates.

Argali

A total of 144 data points on density estimates of
argali referencing 43 papers were collected from peer
reviewed journals. Aforementioned argali estimates
density studies which were conducted between 1960
and 2023, average estimates density was 1.3 individuals
per kilometer only within surveyed habitat across the 8
countries including Afghanistan, Pakistan, India, Nepal,
Mongolia, China, Kazakhstan and Tajikistan.

The top model for density estimates of argali included
season, non-protected or protected area, method, elevation
and snow leopard absence or presence (Table 3, AIC
weigh— 0-36%). Argali density estimates were negatively
correlated with the elevation (B, (SE) = -8.5(7.3)) and
presence of snow leopard (B (SE) = -0.3(0.4)). With
regards to season, winter (B_. (SE)=1.6(0.3) and autumn
(B, (SE)= 0.5(0.1)) has high estimates although spring
was lowest argali density estimates (Bspring(SE) =0.3(0.3)).
We found difference estimated density of argali between
protected and non-protected area but the difference was
not significant. Moreover, double observer method was
positively correlated with density estimates of argali.

Table 1. Model selection for covariates affecting density estimation of blue sheep Pseudois nayaur

Blue sheep K AlCc Delta AICc AICcWt ModelLik
elevt+method 5 497.45 0 0.61 0.61
elev+area+method 6 498.64 1.19 0.34 0.95
elev+season+method 8 502.83 5.39 0.04 0.99
elev+patsl 5 505.56 8.11 0.01 1

Akaike’s information criteria (AIC), difference in AIC (delta AIC), Akaike weight, number of parameters (K) and deviance (Maximum likelihood)
are included in the table. Abbreviation of covariates: elevation(elev), method (method), sampling area (area), protected area (pa), and presence of

snow leopard (sl).
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Table 2. Model selection for covariates affecting density estimation of ibex Capra Sibirica

Ibex K AlCc Delta AICc AICcWt ModelLik
area+season 6 227.94 0 0.45 0.45
area+season+pa+method 9 228.92 0.97 0.27 0.72
areatseasontpa 7 229.82 1.88 0.17 0.9
areat+seasont+patmethtelev 10 231.33 3.39 0.08 0.98
areatseason+pat+meth+elev+sl 11 233.93 5.98 0.02 1

Akaike’s information criteria (AIC), difference in AIC (delta AIC), Akaike weight, number of parameters (K) and deviance (Maximum likelihood)
are included in the table. Abbreviation of covariates: elevation(elev), method (method), sampling area (area), protected area (pa), and presence of

snow leopard (sl).

Table 3. Model selection for covariates affecting density estimation of argali Ovis ammon

Argali K AlCc Delta AICc AICcWt ModelLik
patareatseasont+method 9 228.92 0 0.36 0.36
area+elevtseason 7 229.52 0.6 0.27 0.63
areatsl+season 7 230.3 1.38 0.18 0.81
patarea+season+method 8 230.97 2.05 0.13 0.94
null 2 232.57 3.65 0.06 1

Akaike’s information criteria (AIC), difference in AIC (delta AIC), Akaike weight, number of parameters (K) and deviance (Maximum likelihood)
are included in the table. Abbreviation of covariates: elevation(elev), method (method), sampling area (area), protected area (pa), and presence of

snow leopard (sl).
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Fig.1. Estimation density of blue sheep through elevation

Discussion

In this paper, we reviewed the studies reporting wild

ungulate populations and density, especially three main
wild prey species of snow leopards- the argali, blue
sheep, and argali. we found wide variation in reported
density estimates of these three ungulates across their
distribution range in Central Asia (Fig. 2). Below we

discuss what explains this variation in density estimates
in the light of current literature and implications to
standardize of ungulates survey and their conservation
planning.

Blue sheep

The estimation methods used by studies, and the
elevation of the report study site explained much of the
variability in reported blue sheep density estimates (Table 1).
The reported blue sheep density estimates were positively
related to the estimation method, particularly the double
observer method. This is plausible because the double
observer method accounts for the imperfect detection
reducing the chances of false negatives [15]. The other
methods such as point count, and vantage point count
are, however, likely to miss blue sheep groups because
these methods assume perfect detection, which is almost
impossible to achieve in field settings like rugged
mountains where detectability is easily influenced by
terrain ruggedness, visibility, and observer fatigue and
experience [20]. One particular study conducted in
Jigme Dorji National Park using the double observer
method found blue sheep density of 8.51 per km? in
winter and 9.32 per km? in summer [21], which is way
higher estimate than the density of 3.63 individuals per
km? found in Helan Mountain Region of China [22].
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Albeit at a low rate, reported blue sheep densities
decreased with increased elevation. This could be
because high-clevation areas above 4500 meters are
generally less rugged such as in the Tibetan plateau, and
elevation areas are covered much with snow cover. The
survey season also seems to have an influence on reported
density estimates with the autumn season showing higher
density than other seasons.

Argali

In the case of argali, while the top model based on AIC
criteria included season, non-protected or protected area,
method, elevation, and snow leopard absence or presence
as important variables, it appears that double observer
method, autumn season, and presence of protected area
seem to have consistently associated with higher density
estimates similar to observed in blue sheep density
estimates. One study conducted in Big Pamir, Pakistan,
using direct observation found argali density of 0.1 per
km? in summer and 0.2 per km? in winter [23], which is
a lower estimate than the density of 5.5 per km? found
in Ikh Nart Nature Reserve, Mongolia [24]. Despite the
fact, reported argali densities decreased with an increase
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in elevation. This could be because high-elevation areas
above 4500 meters and elevation areas are covered with
snow cover. The survey season also seems to influence
reported density estimates with the autumn season showing
higher density than other seasons, as with blue sheep.

Ibex

Unlike blue sheep and argali, the top model fitted to
model variation in reported density estimates included
the size of the study area and season as important factors.
Although the 95% confidence of effect size overlapped
zero, indicating high uncertainty in the estimated effect
size, an increase in the size of the sampling area resulted
in lower density estimates for ibex. This phenomenon
of high-density estimates in smaller sampling areas has
also been observed in density estimates of snow leopards
[25]. A study in Gansu Anxi Extreme-Arid Desert Nature
Reserve using the point count method found ibex density
4.3 per km? in autumn [26], but the survey area was 8.4
km?. The survey area also has an influence on reported
density estimates with the small area showing higher
detection than a large area.
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Methodological challenges in density estimation

Accurate estimation of animal density is always a
challenging task. This is particularly so in species that
live in rugged and harsh terrain where there are lots
of logistical challenges, and those challenges cause
violation of assumptions of contemporary survey
methodologies. For example, while robust in estimating
tropical ungulates, line transect distance sampling
assumptions are hard to meet in the mountainous terrain
where ungulates like ibex, argali and blue sheep live.

While all three form of survey and estimation methods:
total count, double observer, and distance sampling are
in use, these methods produced considerably different
density estimates. Out of these three method designs,
the double observer method produces estimates with low
bias for given level of total survey effort and provides
more accurate estimates. However, multiple researchers
have suggested that planning survey design methodology
should be done based on the characteristics of the study
area (plain vs rugged), study species biology, level
of expertise available, season of the survey, and field
logistics available, and most importantly the objective of
the study [15]. The objective of the survey is perhaps the
most paramount of all of these considerations. Suppose
the survey objective is to compare relative abundance
rather than accurate density in two sites. In that case, the
survey methodology need not have to be superstatistically
robust, but should be important consideration across
sites or over time.

Accounting for imperfect detection is one of the
biggest problems that could be caused by season, time,
observers’ skill, landscape terrain, elevation, protected
and unprotected landscape and species biology [5].
Similarly, the size of the sampling areas has been
consistently brought up in the discussion in multiple
papers because sampling small but good-quality habitats
can disproportionately inflate the actual density estimates
of the species.

Environmental factors associated with density estimates

This review found that multiple environmental
factors influence the reported density estimates of the
three ungulate species. For blue sheep, elevation was
negatively correlated with density, suggesting that blue
sheep prefer lower altitudes. This could also be due to
terrain ruggedness as high elevation areas are generally
highly rugged and such rugged areas may have a low
detection rate, not necessarily the low abundance of
blue sheep. Overall, the study sites that overlapped with
or occurred within the presence of protected areas had
relatively higher blue sheep density, although this effect
was not significant statistically. Furthermore, our result
indicated that blue sheep density varied seasonality,

with autumn exhibiting higher density estimates than
other seasons. Similarly, elevation and the presence of
snow leopards were found to impact density estimates
of argali negatively. The preference for lower elevations
may be attributed to more favorable foraging conditions
[27] and reduced predation risk like snow leopards
and wolves [7]. Seasonal variations in argali density
were also evident with winter and autumn exhibiting
higher estimates, possibly due to changes in resources
availability and predation pressure. A critical finding of
this review is that for all three species, reported density
estimates were consistently higher in the autumn season.
All of these three species generally rut in autumn or pre-
winter congregating in large herds, and this could be one
of the reasons to the higher density estimates.

Limitations of the study

The variability in density estimates compiled in this
review paper could also have been influenced by factors
not considered by respective researchers. We modeled the
reported variability density estimates using the standard
regression model approach and accounting for different
variables reported by the studies. However we acknowledge
that the variability reported in density estimates could
be mainly due to the methodological differences in the
study system, sampling area, and study methodology
rather than actual differences in density per se. It is largely
impossible to distinguish this, but this review does offer
important insights into how different factors such as study
method, size of sampling area, and sampling season are
associated with the density estimates.

Conservation and management implications

The wild ungulate population across much of the
snow leopard range is threatened by multiple threats of
land use change, forage competition with livestock, diseases,
hunting, and poaching. Thus, their conservation planning and
management must be informed by reliable estimates of their
population size and density status. Using robust sampling
and estimation methods and following best practices and
standardization of the sampling protocols thus become
necessary to guide effective conservation planning
across the species range. In this systematic review,
we sought to compile studies conducting population
density estimates of the main prey species of snow
leopard across its range and understand what ecological,
environmental, and survey methodology factors explain
their variation. Overall, we found considerable variation
in reported density estimates of ibex, blue sheep,
and argali. Our multiple linear regression modeling
revealed that much of the variation was associated
with survey and estimation methodology, including the
survey season. This high variability in reported density
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estimates thus suggests that a standardization of survey
and estimation methodology is imperative to ensure that
density estimates are comparable to make inferences
in habitat quality and effectiveness of the conservation
interventions. Such standardization should account for
differences and commonalities in species distribution
and landscape characteristics in the species range.

Acknowledgement

I would like to thank Prof. Dr. Tim Coulson,
Department of Zoology, University of Oxford, for
hosting me for this internship and helping me to
learn systematic literature review. Also, I would like
to thank Kulbhushan Suryawanshi, Gopal Khanal and
Altanchimeg Dorjsuren for their support. I also would
like to thank SCCS Cambridge, Department of Zoology,
University of Cambridge for accepting my application
and providing this opportunity. Lastly, I thank to my
supervisors for helping me to apply this conference and
internship. I would like to thank SCCS Miriam Rothschild
Travel Bursary Programme for providing funding for the
internship.

References

[1T W.J. Ripple et al., “Collapse of the world’s largest
herbivores,” Sci. Adv., vol. 1, no. 4, p. ¢1400103,
May 2015, https://doi.org/10.1126/sciadv.1400103

[2] R. J. Hobbs, “Habitat Networks and Biological
Conservation,” in Applying Landscape Ecology in
Biological Conservation, K. J. Gutzwiller, Ed., New
York, NY: Springer, 2002, pp. 150—170. https://doi.
org/ 10.1007/978-1-4613-0059-5 9.

[3] K. U. Karanth and M. E. Sunquist, “Prey Selection
by Tiger, Leopard and Dhole in Tropical Forests,”
J. Anim. Ecol., vol. 64, no. 4, pp. 439450, 1995,
https://doi.org/ 10.2307/5647.

[4] J. L. Fox, C. Nurbu, and R. S. Chundawat, “The
mountain ungulates of Ladakh, India,” Biol.
Conserv., vol. 58, no. 2, pp. 167-190, Jan. 1991,
https://doi.org/ 10.1016/0006-3207(91)90118-S.

[5] N.J. Singh and E. J. Milner-Gulland, “Monitoring
ungulates in Central Asia: current constraints
and future potential,” Oryx, vol. 45, no. 1,
pp. 3849, Jan. 2011, https://doi.org/10.1017/
S0030605310000839.

[6] G. B. Schaller, “Mountain Mammals in Pakistan,”
Oryx, vol. 13, no. 4, pp. 351-356, Jul. 1976, https://
doi.org/ 10.1017/S0030605300014071.

[7] O. Johansson, T. McCarthy, G. Samelius, H.
Andrén, L. Tumursukh, and C. Mishra, “Snow
leopard predation in a livestock dominated
landscape in Mongolia,” Biol. Conserv., vol. 184,

pp. 251-258, Apr. 2015, https://doi.org/10.1016/].
biocon.2015.02.003.

[8] S.Lyngdoh, S. Shrotriya, S. P. Goyal, H. Clements,
M. W. Hayward, and B. Habib, “Prey Preferences
of the Snow Leopard (Panthera uncia): Regional
Diet Specificity Holds Global Significance for
Conservation,” PLoS ONE, vol. 9, no. 2, p. ¢88349,
Feb. 2014, https://doi.org/ 10.1371/journal.
pone.0088349.

[9] S. Bagchi, C. Mishra, and Y. V. Bhatnagar,
“Conflicts between traditional pastoralism and
conservation of Himalayan ibex (Capra sibirica) in
the Trans-Himalayan mountains,” Anim. Conserv.,
vol. 7, no. 2, pp. 121-128, 2004, https://doi.org/
10.1017/S1367943003001148.

[10] C. Mishra, S. E. Van Wieren, P. Ketner, I. M.
A. Heitkonig, and H. H. T. Prins, “Competition
between domestic livestock and wild bharal
Pseudois nayaur in the Indian Trans-Himalaya,” J.
Appl. Ecol., vol. 41, no. 2, pp. 344-354, Apr. 2004,
https://doi.org/10.1111/j.0021-8901.2004.00885.x.

[11]7J. Berger, B. Buuveibaatar, and C. Mishra,
“Globalization of the Cashmere Market and the
Decline of Large Mammals in Central Asia,”
Conserv. Biol., vol. 27, no. 4, pp. 679—689, Aug.
2013, https://doi.org/ 10.1111/cobi.12100.

[12] R. M. Jackson, G. G. Ahlborn, P. Avenue, and M.
Gurung, “Reducing livestock depredation losses in
the Nepalese Himalaya,” 1996.

[13] J. Haider, M. Z. Khan, M. Anwer, S. Ali, and H.
Ali, “Population status and migration trends of
Marco Polo argali (Ovis ammon polii) in Pakistan,”
Mammalia, vol. 82, no. 5, pp. 481485, Sep. 2018,
https://doi.org/ 10.1515/mammalia-2017-0121.

[14] M. Khanyari et al., “Investigating parasite dynamics
of migratory ungulates for sustaining healthy
populations: Application to critically-endangered
saiga antelopes Saiga tatarica,” Biol. Conserv.,
vol. 266, p. 109465, Feb. 2022, https://doi.org/
10.1016/j.biocon.2022.109465.

[15] K. R. Suryawanshi, Y. V. Bhatnagar, and C. Mishra,
“Standardizing the double-observer survey method
for estimating mountain ungulate prey of the
endangered snow leopard,” Oecologia, vol. 169, no.
3, pp. 581-590, Jul. 2012, https://doi.org/ 10.1007/
s00442-011-2237-0.

[16] C. F. Dormann et al., “Collinearity: a review of
methods to deal with it and a simulation study
evaluating their performance,” Ecography, vol. 36,
no. 1, pp. 2746, Jan. 2013, https://doi.org/10.1111/
1.1600-0587.2012.07348.x.

[17] D. R. Anderson and K. P. Burnham, “Avoiding
Pitfalls When Using Information-Theoretic
Methods,” J. Wildl. Manag., vol. 66, no. 3, pp. 912—

Statistical Ecology 97


https://doi.org/10.1126/sciadv.1400103
https://doi.org/ 10.1007/978-1-4613-0059-5_9
https://doi.org/ 10.1007/978-1-4613-0059-5_9
https://doi.org/ 10.2307/5647
https://doi.org/ 10.1016/0006-3207(91)90118-S
https://doi.org/10.1017/S0030605310000839
https://doi.org/10.1017/S0030605310000839
https://doi.org/ 10.1017/S0030605300014071
https://doi.org/ 10.1017/S0030605300014071
https://doi.org/10.1016/j.biocon.2015.02.003
https://doi.org/10.1016/j.biocon.2015.02.003
https://doi.org/ 10.1371/journal.pone.0088349
https://doi.org/ 10.1371/journal.pone.0088349
https://doi.org/ 10.1017/S1367943003001148
https://doi.org/ 10.1017/S1367943003001148
https://doi.org/10.1111/j.0021-8901.2004.00885.x
https://doi.org/ 10.1111/cobi.12100
https://doi.org/ 10.1515/mammalia-2017-0121
https://doi.org/ 10.1016/j.biocon.2022.109465
https://doi.org/ 10.1016/j.biocon.2022.109465
https://doi.org/ 10.1007/s00442-011-2237-0
https://doi.org/ 10.1007/s00442-011-2237-0
https://doi.org/10.1111/j.1600-0587.2012.07348.x
https://doi.org/10.1111/j.1600-0587.2012.07348.x

Chagsaldulam & Khanyari / Proc. Inst. Biol. 39 (2023) 91-105

918, 2002, https://doi.org/10.2307/3803155.

[18] D. I. MacKenzie and L. L. Bailey, “Assessing the fit
of site-occupancy models,” J. Agric. Biol. Environ.
Stat., vol. 9, no. 3, pp. 300-318, Sep. 2004, https://
doi.org/10.1186/s12866-019-1440-8.

[19] S. B. MacKenzie and P. M. Podsakoff, “Common
Method Bias in Marketing: Causes, Mechanisms,
and Procedural Remedies,” J. Retail., vol. 88, no. 4,
pp. 542-555, Dec. 2012, https://doi.org/10.1016/j.
jretai.2012.08.001.

[20] D. 1. MacKenzie, J. D. Nichols, J. A. Royle, K.
H. Pollock, L. Bailey, and J. E. Hines, Occupancy
estimation and modeling: inferring patterns and
dynamics of species occurrence. Elsevier, 2017.

[21] Leki, P. Thinley, R. Rajaratnam, and R. Shrestha,
“Establishing baseline estimates of blue sheep
(Pseudois nayaur) abundance and density to
sustain populations of the vulnerable snow leopard
(Panthera uncia) in Western Bhutan,” Wildl. Res.,
vol. 45, no. 1, p. 38, 2018, https://doi.org/10.1071/
WR16218.

[22] Z. Liu, X. WANG, L. TENG, and L. CAO, “Food
habits of blue sheep, Pseudois nayaur in the Helan
Mountains, China,” Folia Zool., vol. 56, Jan. 2007.

[23] R. B. Harris and D. H. Pletscher, “Incentives

toward conservation of argali Ovis ammon: a case
study of trophy hunting in western China,” Oryx,
vol. 36, no. 04, Oct. 2002, https://doi.org/ 10.1017/
S0030605302000728.

[24] M. R. Frisina and Y. Onon, “Population status of
mongolian argali Ovis ammon with reference to
sustainable use management,” 2007.

[25] K. Suryawanshi, M. Khanyari, K. Sharma, P.
Lkhagvajav, and C. Mishra, “Sampling bias in
snow leopard population estimation studies,”
Popul. Ecol., vol. 61, Feb. 2019, https://doi.org/
10.1002/1438-390X.1027.

[26] Xinkang Bao, Mengjie Lu, Pengzu Pei, Liang Wang,
Jianliang Li, and Jiaqi Li, “Investigation of bird
and mammal diversity in the Gansu Anxi Extreme-
arid Desert National Nature Reserve using infrared
camera traps.” Accessed: Nov. 02, 2023. [Online].
Available:  https://www.biodiversity-science.net/
EN/abstract/abstract60955.shtml

[27] C. Odonjavkhlan et al., “Factors affecting the spatial
distribution and co-occurrence of two sympatric
mountain ungulates in southern Mongolia,” J. Zool.,
vol. 314, no. 4, pp. 266274, Aug. 2021, https://doi.
org/ 10.1111/jz0.12889.

98 Statistical Ecology


https://doi.org/10.2307/3803155
https://doi.org/10.1186/s12866-019-1440-8
https://doi.org/10.1186/s12866-019-1440-8
https://doi.org/10.1016/j.jretai.2012.08.001
https://doi.org/10.1016/j.jretai.2012.08.001
https://doi.org/10.1071/WR16218
https://doi.org/10.1071/WR16218
https://doi.org/ 10.1017/S0030605302000728
https://doi.org/ 10.1017/S0030605302000728
https://doi.org/ 10.1002/1438-390X.1027
https://doi.org/ 10.1002/1438-390X.1027
https://www.biodiversity-science.net/EN/abstract/abstract60955.shtml
https://www.biodiversity-science.net/EN/abstract/abstract60955.shtml
https://doi.org/ 10.1111/jzo.12889
https://doi.org/ 10.1111/jzo.12889

Chagsaldulam & Khanyari / Proc. Inst. Biol. 39 (2023) 91-105

Touim eryyJni

https://doi.org/10.5564/pib.v39i1.3146

PROCEEDINGS OF

THE INSTITUTE OF BIOLOGY

TeB A3uiiH TyypalTaH aMbTAbIH HATTIIMJIBIT TOOI00JIOX
CydaJIraaHbl apra3yur CTaHAapTYMJIAX TyXau

Omomxkaxian YArcAIayiaam' (0 6a Myuu6 X AHSPI?
'Monzon Yuc, Ynaan6aamap, [lunsicisx yxaans akademu, buonozuiin xypasnsm
’By20 Haiippamoax Dusmxse Yac, Maiicop, baiizans xameaanax can
3By20 Haiippamoax Dusmxase Yac, Upesc xameaanax can

*Xon6oo 6apux 3oxuord: chagsaldulam o(@mas.ac.mn, https://orcid.org/0000-0002-7333-5261

XypaaHryii. bug 5HdXYYy CHCTEMYHICIH TOMMIOO0 [OOXOP MPBICHIH IO HAIII THKINIUHAT OYpAYYIadT
sarup simMaa (Capra sibirica), aprane xoHb (Ovis ammon), XeX X0Hb (Pseudois nayaur)-bl TOO TONTONH
SMOATIINI, HATTIIWIIBIT TOOILOOJIOX apra3yWr HATTIAH AYTHAIXUHUT 30pHB. BUI 3Ar33p TypBaH TyypauTHEI
3YWIMHH HArTIMIBIH Toowoor 1960-2023 oHbI XOOpOHJ X3BIArACIH 126 eryysmisac cyaiaracaH yic,
Ta3pblH HIP, CyNAJITaaH]] XaMparacaH TajxOalH XOMJK33, Cydaliraa XHHCOH YIHpa,0H KW, CyJalraaHbl
apra (3aiHbl TaHAQIT, HUAT TOO,XOC @XHIVIAIT I'3X MAT), TyCrail XamraajaaTTai rasap 3¢3X, HIepIIHI,
TI00XOP MPBICTIH 33p3T MYIPAUIANT IYDTyyIICaH. YP JYHTI3C Y39X37 XoX XOHb (Tapxant = 0.1-9.3 Gomrams/km?),
sarup siMaa (tapxant = 0.006-6 Goxrans/km?), aprans xoHb (Tapxant = 0.008-8 Gomrams/km?) Gaiis.
DAranp TyypaiTaH aMBTABIH HATTINNI Hb OalTaIiifH XY9HH 3YHIIIAC XaMaapd eHIep XAII03I33ITIH OaifB.
Perpeccuiin 3arBap (Regression model)-uiiH yp AYH Hb ©HAEPIINI, Tycrail XaMraajaiTTail ra3ap HyTar,
CyJaJIraaHbl apra3yiraac xamaapaaja XeX XOHWHBI HATTIIWII Hb XI05M133K Oairaar xapyyiok OaitHa. SIHrup
sIMaaHbl HATTIIMJIBIH XYBBJ CyAajiraaHbl TajgOaiH X3M)K?33, yaupiaac xaMmaapanTaid OaiicaH Gon apraib
XOHMHBI HATTIIMJIBIT TOTTOOXOJ OHIOPIINI, YIUpall, CylalraaHbl apra OOJIOH 1IOOXOp MPBICIIC XaMaapd
GaiiHa. DAr?3p Yp IYH Hb [IOOXOP UPBACHIH roi uadm 6onox sHrHp siMaa (Capra sibirica), apraib XOHb
(Ovis ammon), xeX X0Hb (Pseudois nayaur) TYypaiTHBI HATTIIFIIBIT TOOI[OXO]] TyATapd OyH acyymiyyabIT
HIAAI9X3/T 5EPTIBP HOJIOOIDK, HATTIIHIIBIT TOOLIOX OJIOH SUIraaTail apra3yr HaTTI9X OMJITONT erd, [aamiaaz

Oaiiranp xamraanax YW X3pa3IT YHATIH XyBb H3MAP OpyyJIHA T9XK Y33K OaifHa.

Tyaxyyp yre: Sarup simaa, apraibs XoHb, X0X XOHb, TeB A3H, HATTIIHIIBIH TOOLIOOJION, TYypalTaH

Xymasu aBcan 2023.10.31; xstHan Toxuonayyicad 2023.11.02; 3eBmeepcen 2023.11.13

© 2023 3oxuorung. CC BY-NC 4.0 license.

Opumi

Honxuit nasap ToM OWET3H ©BCOH TIKIMTIH (>15
KT') aMbTaJl Hb aMbJIpax OpYHBI XOMCZOJ 0a XyBaaraai,
XylqraiH aH arHyypelH YiIMaac TOO TOJIrod Oyypd
TapXxaiT Hb Xymurnax Oaiina [1]. Tyypaiitran ambraj Hb
ypramai, MMM T3XK3JIUNRH 3PriT, SKOIOTUIH CyBapIbIH
HIRMI TRKIIUIH THMHXHH XIXI9HA HONeeDK 3Pyl
SKOCHUCTEMHUUT Xajrajaxaj 4yxajl Yypar TYHLIITrasr
[2]. MeH TyypaiiTaH amMbTa Hb MaxaH UASIIT XOBOPACOH
aMBTABIH TOJI UABII TRKIAI Tyd TIATIIPUNT XaMraanaax
Hb Oalrajb XaMraajulblH XyBb/Jl UyXaJl a4 XOJIOOTIOITOMH.

Tuiim33c TyypaliTaH aMbIAbIH Xamraanax, TIIdH]
yupyyJax aloyi1 3aHaJIbIT OMIIroX Hb Oaifranb xamraaian
HOH uyxan acyynai oM [3]. TeB A3u 6onon ['mmanaitn
OyCaI X9 X3IPH XOBOP, HOH XOBOP SIHTUD siMaa, apraib
XOHb, Xap CYYJIT, HJDKUT, Taxb, capiiar, XaBIraid, 06XeH,
XOX XOHb, MapKop, uupy 33par 12 TyypaiitaH ambTaj
opuigor [4]-[6]. Darasp 3ydiayyn Hb Xyypa#, Tan
XIOPHUHH O3TUIPHIT Xajrajiaxaac rajHa [00Xop UPBIC,
YOHO 33p3r XOBOPAOK OyH MaxXuIblH WIS TIXKIDI
6ongor [7], [8]. Cyymumiin 30 xwun Oaiirans xaMmraaaax
YHI akuuiaraa Xy4urau xerxuxk Oaiiraa u TeB Asmiin
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33pIAr TyypalTaH aMbeThan MaielH 03maa3p [9], [10],
HOONIYYpaH OYTI3TIAXYYHHH X3paTioHuit ecent [11],
Xyyne Oyc aH arHyyp [12] , ampapax Op4YHBI XyBaarmat
[13], =xammBapr eBumH [l4] 33p3r XY4WH 3YHIYYA
cepreep HeleeIrk OaifHa.

Ep Hp ammBaa aMbpTABIH 3703TIIMI, HATTIINI,
TIOTYJISIUAH TNHAMUKHHUT M3IC3HAIP TyXaiH aMbTHBIT
3YWIMIH TYBIUMHJ XaMraaJbk 4YajaHa. AJICIIar[caH,
XYp4 O4MX OOJIOMXKIYH OapTraa caam WXTdH, 3pc T3C
yyp ambcrantaii TeB A3u 6o0i0H ['mManaifH HypyyAbIH
OpuMMJ] 3YHJIMHH TapXaiT, O3I03TIINI, HATTIIMIBIT
HapUHH CyJIaH TOTTOOXO TyH O9pXIIIAITIH Oaiijar.

AMBTIBIH TOMYSIIAAH HATTIIAI HH  Oalranb
XaMraajanj Mam dYyxan napamerp Oompor. [9Bu
TyypaliTaH aMbTABIH TyXaiii eHAep YyJiblH OyCHilH
Gapraa caairail razapT OalpIIMH, CYP3IVISH aMbJIap/ar,
HATTIOWIT ~ Oararaif, HYYAJUIIAT  33prasc OOk
THATIIPUNAH HATTIIWIBIT YH3H OOTUTOH TOOIOOJIOXOX
O9pXWIdIT ydupaar. Cymmaauuy 33pisr TyypaWTaH
aMbTIBIH TOMY/SIIMIH  HATTIIWIBIT  TOOLIOOJIOX00
aBTOMaT Kamep, 3aiiHaac TaHOaH TYYBIPJIdX, Mepeep
LIMH)XUH CYIUIaX, XOC aXHUIVIAITHIH apraap TOOJIOX 33pPaT
X3 X3I3H apra 3y OOJIOBCPyyIaH Xdp3mIdAar. DArasp
aprasyil Hb TyypalTaH aMbTABIH HATTLIMJIBIT MX3BUISH
LIOOXOP MPBICHITH MBI TKIITIN XOIO0XK JI Cyancan
Oaiimar.

CyymmiiH yen cymmaauun WIPYYJIRNTHHAT —ajjgaar
XaprajizaH  Y39K  X99pHHH  Cy#airaaHsl — aprbir
CTaHIAPTIMIIAX K XHUINK Oaifraa[15].

Apranb XOHb, SHTHp SIMAa, X6X XOHHHBI JKOJIOTH,
OHMOIIOTHITH TalmaapX OMIITONT XaHTaNTTal Oairaa X>auid
9 TOO TOJTOH, HATTUIMIBIT Cy[JIaX CyJalraaHbl apra3yir
TOWMIJIOH ynaM OOJOBCPOHTYH OONToxX Imaapisiararaid
GaitHa.

Witma 61 1100X0p UPBICUIH WA T OONI0T
3 3yill TyypaWTaH COHIOH, T3ATI3PUHH HATTILUJIBIT
TOOLICOH CyAalraaHbl aprasyd, cynairaaHsl TajOaiH
XOMJK33, OHAOPIIWI, YIUpal I3X M3T XYUHH 3YHITH
YAIIyydaH, TYypaTaH aMbTABIT CyUlaX CyAairaaHbl
apra3yiH eHeerniH Oaiijal, MAIUIST, CyJalraaHbl YUT
XaHAJarbr TOMMIIOB. BUIHUM Tos1 30puiro He LOOXOP
MPBICUHH WB3II OONJOr aMBTABIH HATTIIMIBIT OJIOH
SIH3BIH apra3yirasp TOOIICOH TOOLIOO/UIBIT HAITI3H,
CylairaaHbl apra3yia Heleenk Oyd HeIeeTHir
YH2JI9X, @amuj CyAairaaHbl apra3yir cTaHaapTduiIax
OWITONTBIT HAMAITAYYIX sBman oM. OJIOH YICBIH
upBaCc xamraanax cadraac 2014 onn Upssc Xamraanax
CrparerniiH Xypa3HA XOC @KHIJIAITHIH CTaHAAPT
aprazyir Hi3BTPYYJdX 36BJIOMX rapracaH oM. buaHuii
taamaranaap 2013 oHooc xoi TyypaiiTad aMmbTaz 133D
XMHACAH CyJalraaHyyJ Hb XOC @KWIJIAJITBIH apra3yir
CyJalraaHjaa HIBTPYYJISH ammniaXx OOJOMK HIMATIIK
Oaiiraa raK Y33k OaifHa.

Cynanraansl MaTepuaJ, apra3yu
Mbar3a0ma0 nynnyyaax

Bua 1100xop MpBICHHH TON TypBaH MIDII THKIII
00NI0X aprajlb XOHb, SIHTHP siMaa OOJIOH X6X XOHWHBI
TapXaJrT, HATTIIWIBIH TOOLOOUIBIT ToHMIIOB. 1959-2023
oHbl Xxo0poHI Web of Science-aac napaax Tynxyyp yr
alllMIIaH XalnT XuHciaH: Apranb xoHb BA xamraaman
DOCBOJI atoyn 3anan BA craryc BOJIOH nomysmsiu
DCBJIJI an63rmun DCBIJI aprane X0Hb, SHIHp sMaa,
X6X XOHWHBI HArTmIMA. [lapaa HB Oua dAr’0p TypBaH
3YHIMHH TapXanT, HATTIIWIBIT JAypACaH, cynairaa
XMHCOH, WII TarcaH OryyJulyyAdd UIYYJIT XHHCOH.
Bupx eryymanms COHroxg00 aHIIM XdJ 193D XIBIAITICOH
aprajpb XOHb, SIHTHp 5IMaa, X0X XOHWHBI HATTIIHI 00JI0H
TapXaJThII TOIOPXOMJICOH, OyX eryyJUIMHI COHTOCOH.
Huiitnas Web of Science-aac 212 eryyian myniyyicHaac
126 eryyuMiAT COHTOX, OryyJd TyC Oyp3i3c napaax
MIIPIUIMAT 1yrnyyiacaH. YYHI: CyajaricaH rasap,
YICBIH HIp, Tycrail XxamraajanTrail razap 9cox,
CylajraaHpl liar xyramaa, yiaupal, aprasyid (3aliHaac
TaHJAIT, HUAT TOO, XOC QKUINIANT), TaldOailH X3MXK3),
HATTIIWI, 3703TIIMI, ©HAOPIIWI, I00XOp HUPBICTIH
9CIX MOIPIILIYYJ OPCOH. X3PBI3 OTYYIIA HATTIIHIBIT
nypraaryi 0on Oua TMOMyJSIIMAH XOMXKIIT TyXaifH
CylayiraaHbl HUHAT Tan0aii XyBaax raprax asiaa.

Mb33:13J1 60J10BCpyYIaaT

BunHuit coHroxx aBcaH XyBbcard Hb TOOH IIMHXK
YaHapTal ydpaac HATTIIWIN HOJeeDK Oy XyduH
3YIJICHIT 3arBapuyuibK  OMITOXBIH  Tynj —IIyraMaH
perpeccuiir Xap3mmB. Aprajib XOHb, SHTHP 5IMaa, XeX
XOHB Tyc OYp A33p COHIOCOH XyBbCArdMHI TalnOapiax
6omoMxuT 15 3arBap (HST OyIOy OJIOHJIOT) 30XHOCOH.
3arBapbIH K03 (GUIHMEHTYYAbIH YP HOJeer Taiiabapiax,
3arBap XOOPOHI Hb XapbIyyJIaXbIH TYJI OYX XyBbCaArdbIr
cranaapraniaB. MeH [TupcoHBI KOppENSIMAT alurian
Taamariard XyBbCardJblH XOOPOHIBIH  XaMmaapJibIr
yHICHH. VIKni 3arBapT Xamaapanrtaid KOBapHaHTYYIbIT
(Pearson’s |r[> 0.7) opyynaary# [16]. Byx 3arBapyynaa
Akaike mamammmitn manryyp (AIC) n33p YHIOACIH
apambancan [17]-[19]. AAIC <2 -toii 3arBapyyapIr
CTaTUCTUKUMH XyBbA dAnraarail Ik y3cdH. byx
cratucTuk 6onoBepyyaanteir R 3.4.2 (R Development
Core Team, 2017) -oop 6os0BCcpyynas.

Yp ayn
Xeox X0Hb

bumamii cymanraaner yp nyHn 1979-2023  onbl
X00poHA xwicdH 45 cymanraansl byrtan, I[lakucran,
Henan, DH3TX3r 60510H XATam TICOH S5 YICHH X6X
XOHUHBI HATTHUIMJIBIH MO IynityyicaH. Huiir
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140 wpraH M3ARRIAA aBcaH. DNIradp CyAalraanyya Xoc
QKUIIIAIIT, 3aiH TaHAAIT OOJIOH HUMT TOO T'ICOH aprazyir
amuracad Oaiican. Huiit eryymmmitH 90 opuuM XyBb
Hb 2004-2023 oHJ XOBIATACOH OaifHa. XaMruiiH ux
Mara/iajl CyypHuicaH 3arBapbil’ COHTOXO/ XOX XOHHHBI
HATTUIMIBIT OHIOPIINI O0I0H apra3yil Hb XaMI'HiiH caifH
tainbapmax Oaite (xycHart 1, AIC xun =0.61). Xex
XOHUHBI HATTIIMI Hb OHJOPUIMITIN coper xamaapasira
i(B,,., (SE)=-0.008(0.0001)) Gaiina (1-p 3ypar). Xapun
Tycrail xamraajajiTraii rasaprail separ xamaapanaTan
Gaiina (B,,(SE)= 0.95(0.67)).

Cynanraanpl apra3ydH XyBbJ XOC @XKHIJIAITBHIH
apra3yd Hb HHHT TOO OOJIOH 3aifHAaC TaHIAJITHIH
aprasyirasc wuiayy eHaepimmn HArrmmisr (B, (SE)=
5.4(1.4)) Toomoos0oH TapracaH OaifHa. XeX XOHHHBI
HATTIOWIBIT  yIUpiaap aB4d Y3BI HAaMpPbIH YIUpal
(B, (SE)= 2.6(0.4)) Hb HATTIIMITAH 3€por, OB,
XaBap, 3yHbl YIHpall Hb COper XamaapaiTailr oK
TOT'TOOJ00.

Surup simaa

SAnrup smaansl warrmumng 1950-2023 oHbl X00poHNT
X3BMArACOH 38 eryymmac 148 meroH  MaIR2Man
aBcan Oereen Opoc, VY30ekucran, TypKkMeHHUCTaHBI
SHTHp sIMAaHbl CyJajraaHbl MOIdJIJ  IIaapuiara
XaHTaxryil OaiiB. XaMruiiH MX mMarajiajl CyypHicaH
3arBapblH  Yp JYHII9C XapaxaJl SHTHD sSMaaHbl

HATTIOWI Hb CyJajraaHsl Tajg0aiflH XdoMXkd33 OOJIOH
yAMpIIaaC MXIIXIH XaMmaapairaid OaiHa (XYCHATT 2,
AIC  =0.45%). Harmmmn Hb cymanraansl TanOain
XoMk33TH  coper xamaapantaii (B, (SE)=-0.2(2.7)
OalicaH 4 CTaTUCTHKUIH XyBbJ a4 XOJOOTIONryi OaiiB.
MeH YYHT3# WXKHI I[00XOpP MPBIC Hb SHTUP SMaaHbl
HATTIIAJIBIH TOOLOOJIONTOH ceper xamaapantaid (B

Jeopars (SE)=-0.3(0.28) Xoauii 4 CTaTUCTHKHIH XyBbJ MOH
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1-p 3ypar. XeX XOHHHBI HATTIIMI 62 OHJOPILIMIHH Xamaapai

1-p xycHIrT. Xox XOHUHHI Pseudois nayaur HATTIIAIBIH XaMaapJIbIH 3arBapuIa

XoxX XOHb K AlCc Delta AICc AICcWt ModelLik
elev+tmethod 5 497.45 0 0.61 0.61
elev+area+method 6 498.64 1.19 0.34 0.95
elevtseason+method 8 502.83 5.39 0.04 0.99
elevt+patsl 5 505.56 8.11 0.01 1

Akaike’s information criteria (AIC), difference in AIC (delta AIC), Akaike »xun, napamerpuiia Too (K) and xazaiint (Maximum likelihood) 3apruiir
XYCHAITH y3YY/19B. ToBumiicon yre: engepumi(elev), aprasyit (method), cymanraansl ra3peiH XaMk3) (area), Tycrail xamraananrrai rasap (pa),

and ooxop upsac (sl).

2-p xycHIrT. Surup smaansl Capra sibirica HATTIIHIIBIH XaMaapJiblH 3arBapyiiain

SAnrup smaa K AlCc Delta AICc AICcWt ModelLik
area+season 6 227.94 0 0.45 0.45
area+season+pat+method 9 228.92 0.97 0.27 0.72
area+season+pa 7 229.82 1.88 0.17 0.9
areatseason+pat+meth+elev 10 231.33 3.39 0.08 0.98
areatseason+patmeth+elev+tsl 11 233.93 5.98 0.02 1

Akaike’s information criteria (AIC), difference in AIC (delta AIC), Akaike »xun, napamerpuiia Too (K) and xazaiint (Maximum likelihood) 3apruiir
XYCHIITAZ y3Yy9B. ToBumicoH yre: enmepummi(elev), aprasyit (method), cynanraansl ra3peiH XaMka) (area), Tycrai xamraanairTail rasap (pa),

and ooxop upsac (sl).
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3-p xycHarT. Apranb XoHuHB! Capra sibirica HATTIIWIBIH XaMaapiIbiH 3arBapyiial

Apraib XOHb K AlCc Delta AICc AICcWt ModelLik
patarea+season+method 9 228.92 0 0.36 0.36
area+elevtseason 7 229.52 0.6 0.27 0.63
areatsltseason 7 230.3 1.38 0.18 0.81
patarea+season+method 8 230.97 2.05 0.13 0.94
null 2 232.57 3.65 0.06 1

Akaike’s information criteria (AIC), difference in AIC (delta AIC), Akaike »un, napamerpuiia Too (K) and xazaiint (Maximum likelihood) 3apruiir
XYCHOIITAZ Y3YYi9B. ToBumicon yrc: ennepumi(elev), aprasyit (method), cynanraansr ra3pelH XoMkd) (area), Tycrail xaMmraananrTaii rasap (pa),

and mooxop upsac (sl).

1 a4 xonboraonryi 6aitHa. CyganraaHsl apra3yiiH XyBbI
HUHUT TOOJUIOTHIH apra3yiranp SHCHp sSMaaHbl HATTPA
eHJIep Tooloojoracon OaiHa. CymanraaHel Ta3ap Hb
Tycrail xamraanantraid Oaliraa 3C3X Hb SHTHP SIMaaHbI
HATTIOWIA TOAMWIUIOH Heslee Y3Yyyidaryil. XapuH
HATTUINI Hb yAUpiIaac Xxamaapd Oairaa Hb aKUITIArIaB.
Tom 3arBapaac y33X311 HaMap SIHTUp SIMaaHbl HATTIIWIITal
separ (B,,..(SE)= 1.6(0.3)) xapun Gycan ynupiyyn Hb
ceper xamaapaJrai OaifB.

Aprajb X0Hb

1960-2023 oHBI XO00POH X3BIATACOH 43 eryyumac
144 1o MemPdA  nyniyyicaH.  Adranucra,
Ilakucran, DOwuotxsr, Heman, Monxron, Xsran,
Kazakcran, TaXMKcTaH 33p3r OpHBI SHTCUP SMaaHbI
M3ﬂ33HHHﬁF HOI'TI'3B. Apranb XOHHHbI HATTHIWJIBIH
TOI 3arBap Hb Tycrajl XaMmraajJainTTail Tra3ap HyTar,
CyJalraanbl TaJI0allH XdMXKI3, YAHpal, aprasyil om
(xyewarr 3, AIC = 0.36%). Apraib XOHMHBI HATTIIAT
ub enpepumn (B, (SE)= -8.5(7.3)) 6a mooxop upBac
(B,(SE)= -0.3(0.4))-toif coper xamaapantail OGaiiHa.
VYnupnbIH XyBbJ] aB4 Y3BAJI XaBap (Bspmg(SE) =0.3(0.3))
XaMTUiH 6ara HATTIIMI TOOIIOOJIOTJICOH X3/IMi 4 eBell
(B, (SE)=1.6(0.3) Gomon wmamap (B, (SE)= 0.5(0.1))
HATTIINI OHAOPTIH OaiiB. MeH Tycrail xamraananTrai
0a Tycrail xaMraamantaj OpOOryWd Taszap HyTart
HATTIIA Hb sUiraatail OaiicaH OOJIOBY CTAaTUCTHKHIH
XyBBA a4 XOJOOrJgonryi OaiiHa. YYHI3C TagHa, XOC
AXKUTIIAJITBIH apra3YI71 Hb aprajib XOHUHbI HATTHIAATAN
3epar xamaapanTaii OaiHa.

XumnyyJnr

buy 1100xop MpBICHIH MBI T GOJOX aprajb
XOHb, SIHTUP sMaa 0a XOX XOHWHBI TapXall, HATTIIHJIBIH
MOIPOT  XOBIDNMHH MO OapuMmTaac IyDIyylaH
HOITIK, OonoBcpyymaB. YYHHl Yyp IOYHI TypBaH
TyypaiTHBI HATTIII Hb TapXall HyTraac xamaapaas eep
eep Oaiiraar omx TOrToON00 (2-p 3ypar). Harrmmin

HeJeeJDK OyH XY4HH 3yiic O0JIOH cygaiaraaHsl apraszyir
CTaHaapTUuiiax, T3}IF33pHﬁF XaMraajaax XamraaJJbIH
Tajyaap J0Op XIAJILYYII3B.

Xeox XO0Hb

Cynanraann amwuriacaH aprasyil, OHIepIIWI Hb
XOX XOHMHBI HATTUIMJIBIH X3JI03113371] Heneenk OaiB
(Xycnart 1). SlnaHrysa Xoc aXHMINIAITHIH apra3yil Hb
XOX XOHMHBI HATTIIMITAW LIyy[ Xamaapajirail OaifHa.
XoC aXWMNIANThIH apra3yWranp WUIPYYIITUHH ajgaar
TOOLJOT TyJl XyypaM4 Ceper rapax Mara/jiajbIr
Oyypyynmar Oaiix Oojomkror rom [15].  Ilarsm
TOOJUIOTO, XapaX LATHIH TOO 39pP3T CyAajiraaHsl apryyia
Hb WIPYYJITUWH ajijaar TOOLAOITYH YYHUp CYpaT,
Ooaranuiir opxux Marajjan Mail eHnep. MeH X33puiiH
CyAaJiraaHbl YeJ Ta3pblH X3BIUW, OHIOPILUI, YYJIbIH
Oapraa, y33I7I9X OpYMH, CY[UIaaqMiiH Typluiara 33praac
Xamaapaaj TONyJsIM Jaxb OyX OoJranuiir Toojox
6omomkryit [20]. Jigme Dorji Gaiiramuiia 10rmoaoopt
ra3apT XoX XOHWUHbI TOOJUIOTBII XOC QXUIJIAJIThIH
apras3yurisp xuiicoH cyganraaraap esei 8.51 Goarais/
km2 ©6a 3yn 9.32 Gomrans/km2 [21] T9K TOrTOOCOH
Hb XsaTafblH XelieH YynblH OyC OpUMMA XUHCOH
cylalraaHaac WYy ©HIep TOOIOOJIOTACOH OaifHa[22].
YYH33C Y32X34, XO0X XOHWHBI HATTHIWI Hb O©OHIOPIINII
HAMOATIIX TycaM Oaracax OaitHa. OHd Hb Maranryii 4500
MeTpa3C A1 opigor TyBauiiH eHepier GapTaa caaf
HXT3M, ©BOJI 11aC OPAT00C Xamaapjaar Oaiik 00J0X oM.
Men HaMap XOX XOHHHBI HATTIOWI WYY TOXHOJACOH
Hb LAl YypbIH TaajlaMXXTal, TaajnaMxkryd Oaiinan Hb
yAMpIIaap HATTIIA X3103J139X31 HOJIOOK 000X FOM.

Aprajb X0Hb

Apranb xoHuHbI TyXaiig AIC manryypT YHIICIICOH
TON 3arBapT ynupaj, Tycrail XaMmraajganrTail rasap,
CylaJiraaHbl apra, ©HIepJIer, II00XOp HPBAIC 33PAT
XyBbcard OartcaH. XOoC aXUIIAITBIH apra3yi, Hamap,
Tycrail xamraamantrail rasap HyTar 33p3I Hb XeX
XOHMHBI ~ HATTHUIMJIBIH ~ TOOLIOOJIONJ]  @KUIJIAr[caH
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2-p 3ypar. Apranb XoHb (Ovis ammon), surup siMaa (Capra sibirica) 60710H XeX XOHUHBI (Pseudois nayaur) HATTIIAIIBIT Y3YY/I9B.

OIMT OHIep HATTIIWITail OaffHra Xon0ooToli OaifHa.
ITakucransl bur Ilamupa mryyn axumiadTblH apraap
XUICOH Cymanraaraap aprajib XOHHHBI HATTIINI Hb
syumaa 0.1 6oarane/km?, esenaee 0.2 Gomrams/km? [23]
Oaiixaq Monroxea Mx Hapr bafiranmiin Heer razapt 5.5
Ooxrans/km? ux HArTIIMITAM Oaiican [24]. I'acon xamuit
Y OHIOPINMI HAMOITIIXDI aprailb XOHHHBI HSTTIINI
Oyypu OaitHa. DH> Hb MOH a[WJI YYIBIH OHIOPIIWI, Iar
VYP, YIUPIBIH OHIIOTOOC Xamaapax OypaH OOIOMKTOM
OM.

SIurup simaa

SHTHp sIMaaHBI XyBB YAHPAN, CylIalraaHbl TaIO0aiH
XOMXKDID dyxall XY4uH 3yitn Oomk OaiB. CymanraaHsl
TaIO0alH XOMK33 HAIMOIZSX3 SHIHP SMAaaHbl HATTIINI
Oyypu Oaiiraa 4 95 % -WilH YHOMIIMI Hb TIITIH
JMaBXIaX Oaifraa Hb TOHOPXOHTYH XY4UHH 3YHIIC HX
TOATHIT WITr YK OaifHa. [{ooxop MpBICHIH HD TOPIUITH
CyZmanraaHj YYHTAH WKW Yp IyH rapd Oaiis [25]. Gansu
Anxi Extreme-Arid Desert Baiiranuita mormon6opr
raspeiH 8.4 km? Tambaiii IPTPH TOOJUIOTHIH apraap
SIHTHp sIMaaHbl HATTIIANGIT y39x90 4.3 Gomrans/km?

Statistical Ecology

Oaiican[26]. DH? Hb MOH CynaiTaaHbl TaJOaiH XIMXKID
Hb STHTUP SIMAaHbl HATTIINI] HOJIOOJDK Oairaar XapyymnK
OaifHa.

HArrmmisIr Too10010xX aprasyii acyyiyyn

AnmBaa  aMbTABIH  NONYMSIOWAH  HATTIIMJIBIT
TOOIIOOJIOX HB OIpXUMANTIH oM. Smanrysa eHzaep
YYIBIH, HYYAUI2K aMbAapiar aMbTAbIH HSTTIIHIIBIT
TOOIOOJIOXOZ, HOH XYHAPANTHH Oaimar. JKumrdam6am:
XaJlyyH OpHBbI TyypalTaH aMbTIABII CyAajjaar 3aiHaac
TaH/AITBIH apra3yd Hb SHTHpP 5IMaa, aprajb XOHb, X6X
XOHB 33P3T OHAep YyJIbIH OYC3I ambiapiar TyypanTaH
aMBTABIT Cy[UIaxa] ammriax OONOMXKIYH oM. YUup
Hb OH/Op YYyJIbIH OYC Hb Y33I3X 3aX Xs3raapiaraMan,
Oapraa caag MXTIU ydup XYpdX OOJOMK XOMC 33pridc
Xamaapaaj WIPYYIITHRH ajjaa Mall eHaep TapHa.

WiiMa cymyaaunp cyaaiaraaHsl 30pHIITO, 30PHIIT,
X339pHUHH CyAanraaHsl JIOTHCTHK, CyJaliraa Xuix ynupant,
Tan0aiiH OHIUIOT A33p YHASCISH CyAalraaHsl 3arBap
TOIIOBIIOTOOTO6 OOIOBCPYYIIaxX Hb dyXai oM [15].

Ep Hb HUUT TOO, XOC @KUIVIANT, 3ailHAaac TaHOAJT
X5M33X CyJaJiraaHbl apryyl Hb aMbTABIH HATTIIWIIBIH
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TOOLIOOJUTBIT HAJIJI 36PYYTIH raprax OaitHa. YyH»oc
XOC @KWIJIANTBIH apra3ydr aBd y3BdJ TyC apra3yd Hb
TyXallH NOMyJSM Xaantraid Oaiix, ajap 000X OOrMHO
Lmar xyramaar 3apiyyigax IdX MO3T YHICOH MepAex
CylalraaHbl 3arBap TeJjeBlereerdii Oaiimar.  MeH
QKUINIArYMiH  WIPYYJIIITHAH — ajjaar TOOIJOr00poo
CyAanraaHbl HHUHT OrerIMAH OreraceH TYBUIMH]
XaMTHiH Oara xas3aiiarrail Oaiixaap TOOLIOOT Traprax
OrJIeT OHIUIOITON IOM.

WnpyymontuitH anmaa He ynupai, mar Xxyramaa,
QKUINIArYMidH  Typlulara, ra3ap3yWH OHIUIOT IIHHXK
YaHap, OHAepIII, TyXaiH aMbTHBI OHONOTHITH
OHILIOT 33pradc xamaapiaar [5]. YYHToH HOIDH aaun
cylanraaHel TanmOaiiH XaMxkdd Oara Oereen TyxalH
aMBTHBI aMbJJpax TaaTail OpPYMH COHTOH Cy/lanraa Xuix
Hb OOQUT HATTAPLUIBIT X3TPYYJIdH OCTeX Maraaryi
TyJl caHamcapryi Oyloy TYYBpHIH apraap cyaajiraaHsl
Taj0aiir COHrox Hb 3YMT3H 1OM.

HArrumuisil  TOOL00JI0X0A,  XYP33JH Oyl  OpYHBI
HOJ166J16J1

Xypaa2s3H Oyii OpYHBI OJIOH XYUYHH 3YWIC TyypaiTaH
aMBTJBIH HATTIIMJIBIT TOOILIOXOZA HOJeeler OOI0XbIr
TOITOO0J00. XOX XOHHHBI HATTIIWI Hb OHAOPLIMITIH
mIyys Xamaapanrtail Oaiiraa Hb TOI HaM JOp Ta3pbIr
WIYYA Y3I09r Oaibk OoJoXbIr Xapyy/pk OaifHa. YyH9oC
rajHa Ta3pblH caaa Oapraa, XYH XYyp3X OOJOMXKIyH
Oaiijan 39prasc MIaiTraajaH XeX XOHHHT WIPYYIdX
Mmaramian Oara Oaliraaraac  IIajaTraapk  OOJIHO.
CraTHCTUKMIH XyBBJ a4 XoJI0oTnoi Oararaii 4 IacoH
Tycraii xamraajaiaTTai ra3apT XuUHCOH cyaanraaHja Xex
XOHWHBI HATTIIWI Hb oHIep OaiiB. YMaap XeX XOHHHBI
HSATTIOWI Hb YNUPJIBIH IIMHX YaHapTail Top AyHIaa
Hamap WIYY HATTIOHATad OaifcaH. YYHHMH HOTOH amui
LIOOXOP MPB3C, Ta3pblH OHAEOPIIMI Hb apraiab XOHHHEI
HATTIIWI COper HeJeesnk OaiiHa. Maraarydd Ham aop
ra3ap Hb TYC aMbTHBI XyBBJ MIDII TIKIUHH HIYY
TaaTail HeXUeNTdi[27], Max4yuH aMbTABIH 3PCAdI
Oara| 7] OaiixTaif x01000TOH Oaiik 6omox oM. Yiuprnaap
aprajb XOHMHBI HSTTIIMI XJIOWI3YK Oaiiraa Hb MIAII
TYRKIIAUHH HOell, Max4MH aMbTABIH HA3BX 33pIadc
majTraamk Oaiiraa Hb WIT OaiiB.

H39px rypBaH 3YWIMHH TyypaWTHBl HSATTIIWILL
XYp32J3H Oyi OpYHBI HeJleesen uxX OaiiHa. SnaHrysa
ylIMpiaac Mall MX XamaapanTaid Oaitnmaa. bumumit yp
JYHTI9p Hamap HATTIIMIBIH CyJalraar XWHBAI WIYY
Yp AYHTAH rak rapiaaa. OHA Hb CyAJlaaqJiblH Cyjanraa
XUHCOH yaupan, TyXallH aMbTABIH CYPAINIIX, YPXKIUIH
YeT3i AaBxaryiarraii XonoooToi 6aixk 000X oM.

Cynanraadsl xsi3raapJjiaramad oaiigan

9H3XYY TOﬁMH SMXJTTICOH HATTIIUIBIH  X3JI03MI331
Hb TyXﬁﬁH cyraa41bIH TOOHOOJ’IOOFYﬁ XYYHUH 3YI>'IJ1330

mIanTraapk 0avx OomHO. buj HATTHIMNBIT CcTaHAAPT
perpeccuiiH 3arBaphbIr aluniad cygairaa Oypn aypracan
XYUHH 3YHIUIT opyynaxsIr XMU3K 3arBapuniiaa. ['3can
X9IUH Y HATTIIMIIBIH TOOLIOO Hb CyJaJraaHbl aprasyw,
TanbaiH XIMXKIIHIAC WIYyJ LIaiTraapk Oaitnaa. MeH
9ArIdp XYYMH B3YHICHHT XOOpOHA Hb suirax Oapar
OoMOMKTY# OOJIOBY, DH? CHCTEMYMIICOH TOMMOOPOO
CylaliraaHbl aprasyi, cyaairaaHsl Tan0ai, yampai rax
MIT XYYMH 3YHITIH HSTTIIMI Hb XOPXOH XOJIOOTIOXK
Oaiiraa tanaap OMJITOJT 6reXUIT 30PbCOH.

Baiiraan xamraasaj 6a MEHE;KMEHT

ooxop upB3C TapxanaTTail rasap HYTTHHH HMX3HX
X3COI'T TyypailTan aMmbTaj aMbJapAar. DAradp aMbTAbIH
TOO TOJITOM Hb IIPUIH MaJbIH aMbpaxX OPUYHBI AaBXIAJ,
©BUHH, aH arHyyp, yya yypxai IaX MAT XY4HH 3YHICIIC
xamaapd Oaiina. MiiMaac TyypaiiTan aMbTABIH TOO TOJITON
0a HATTIIWIBIT YHOH 36B MOIIUIMHT OJDK TOTTOOXK
0aiiX Hb XaMraaJuUIbIH TOJIOBJIOT06, MEHEKMEHTI]T UyXajl
oM. Tepen 3yinuitH TapXUbIr XaMraanaax, TOJIOBIOree
OoNOBCpyyIax MaaIlW yIUpAAH YHUDIYYIDXUHAH TYI[
CylanraaHbl aprasyWr cTaHJapTYMiax, TFapblH aBjara
raprax Hb HOH TOPIYYHHH dYyXan acyynan OaifHa.
DHIXYY YP AYHII3P33 OHJI [IOOXOP MPBICHITH TOJI TypBaH
WISUI THKIOIT aMbrag OoJOX aprajlb XOHb, SHTHUP
sIMaa XOX XOHUHBI NOMYNALUNH HATTIIMIAAp XUHCOH
CyJajiraar HarTrax, THATrIIPUHIT SKOJIOTH, OaliTraIb OpUHBI
XYYUH 3YHIDOP TalOapiaxsll XU4sdi133. Hsrromsir
YHOH]J OHpPXOH TOOLIOOJIOH Taprax Hb THATIAPUIH
amMbJlpax OpUYMH, Xamraajax 3eB apra, TeJeBIIeree
OosoBCpyyaaxan a4 xonoormaonron rom. Uitmn cynanraa,
TOOIIOOJUTBIH HATIICOH apra3yHTai O0alix maapiararair
xapyy/ok  Oabina. CynmanraaHbpl HATICOH — aprasyir
OonoBcpyyiaxjaa TyXalH 3YHJIMHH Tapxall HYyTar,
rasap3yiH siraaraii OIMHX YaHap X M3T HUHATIAT
OaiiIIBIr Xaprajis3aH Y39X Hb 3YHTOH.
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