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Abstract
Ungulate conservation directly affects conservation of their predators and habitats. Assessing conservation status of ungulates 
found in the mountains is particularly challenging given the tough terrain and extreme weather. This is true for Central and 
South Asia’s mountains which harbour high ungulate diversity. Urial Ovis vignei, a Vulnerable wild sheep, occurs patchily 
across Asian mountains. Ladakh urial Ovis vignei vignei is a subspecies restricted to Ladakh and Gilgit-Baltistan in the 
trans-Himalaya. Poor understanding of its conservation status has limited conservation efforts in the region. We conducted 
a distribution survey using single-season single-species occupancy, with spatial replicates accounting for auto-correlated 
replicate-level presence across the entire potential urial habitat  (3425km2) in Ladakh, India. We then identified remaining 
populations and conducted double-observer surveys to estimate densities. We found urial to use only 32% (16–53%) of its 
presumed range. We estimated densities of 1.27 (1.27–1.39) urial  km−2 and 0.96 (0.96–1.10) urial  km−2 across the two 
landscapes covering 18% of surveyed area. These two areas are currently the last remaining strongholds for the species in 
India, yet densities were lower than expected when compared to previous studies. Urial distribution in India overlaps with 
human use like habitations, livestock grazing, and roads, hence effective conservation of the species will need involvement 
of local communities. We propose annual monitoring of urial and setting up community-based livestock-free reserves across 
the two landscapes. More such robust investigations at meaningful large scales are needed to direct conservation action for 
the understudied mountain ungulates of high Asia.
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Introduction

Wild ungulates play an important role in the functioning of 
ecosystems as the primary consumer of vegetation and prey 
for large carnivores (Karanth et al. 2004; Suryawanshi et al. 
2017). Ungulates that have adapted for living in the high 
mountains, typically of the family Caprinae, are especially 

unique and commonly referred to as mountain ungulates. 
Mountain ungulate assemblages across the world face chal-
lenges from intense land use practices, such as agriculture 
expansion and livestock grazing, along with poorly planned 
infrastructure development, like road construction, hydro-
power projects, and mining (Bagchi et al. 2004; Singh et al. 
2012; Ito et al. 2013; Tucker et al. 2018). These factors often 
lead to habitat loss and fragmentation, resulting in shrinkage 
in distribution range, patchiness in populations, and lower-
ing of population densities of mountain ungulates (Frank 
et al. 1998; Olff et al. 2002; Bhatnagar et al. 2008; Namgail 
et al. 2008). Additionally, they are hunted for subsistence 
and trophy, thereby compounding the impacts of habitat loss 
and fragmentation, leading to potential extirpation (Namgail 
et al. 2008; Milner-Gulland et al. 2001). Often, such range 
shrinkage and local extirpation remain either unknown or 
poorly documented due to lack of robust monitoring, thereby 
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compromising biodiversity conservation (Singh and Milner-
Gulland 2011).

The mountain ecosystems of South and Central Asia sup-
port the highest diversity of mountain ungulates (Schaller 
1977). However, they remain poorly studied and information 
on changes to their populations and distribution is sparse, 
thereby undermining the need for conservation efforts in 
this region (Singh and Milner-Gulland 2011). The region of 
Ladakh in Northern India supports eight species of moun-
tain ungulates (Fox et al. 1991). The urial Ovis vignei is 
a wild sheep that occurs across the rolling mountain ter-
rain from Ladakh in the east, to parts of Central Asia in the 
north to Iran in the west (Damm and Franco 2014; Valdez 
2008). Globally, urial occur in various sub-species with their 
population being estimated around 18,000 mature animals 
ranging across Kazakhstan, Turkmenistan, Uzbekistan, 
Tajikistan, Afghanistan, Iran, Pakistan, and India. Popula-
tion of the globally threatened (Vulnerable) urial is believed 
to be declining up to 30% across 3 generations (Valdez 2008; 
Michel and Ghoddousi 2020). For instance, Ghoddousi et al. 
(2019) found a 66% decline in urial population in Golestan 
National Park, Iran compared to the 1970s. The Ladakh 
urial Ovis vignei vignei is endemic to Ladakh and neigh-
bouring Gilgit-Baltistan (Valdez et al. 2008; Namgial et al. 
2010; Siraj-ud Din et al. 2016), constituting the eastern-most 
population of the species. Ladakh urial is an important prey 
species of the snow leopard Panthera uncia, the globally 
threatened apex predator in the region (Lyngdoh et al. 2014). 
Over the past six decades, Ladakh urial habitat has expe-
rienced heavy militarization, infrastructural development, 
rapid increase in tourism, and market-driven rise in livestock 
population (Raghavan 2003; Dollfus 2012Namgail et al. 
2010). Ladakh urial also face risks from illegal hunting for 
sport and meat (Valdez 2008), competition from domesti-
cated livestock (Raghavan 2003) and potentially retaliatory 
killing due to crop depredation.

In India, Ladakh urial receive complete legal protection 
under the Schedule I of the Indian Wildlife (Protection) 
Act (1972). Based on coarse assessments, the population of 
Ladakh urial in India was believed to be 1000–2000 indi-
viduals, restricted mainly to the Indus and Shyok river val-
leys (Namgail 2009; Chundawat and Qureshi 1999; Fox et al. 
1991; Mallon, 1983). Siraj-ud Din et al. (2016) reported 
extirpation of urial from six areas in the neighbouring Gilgit-
Baltistan within the last decade and estimated 432 urial in 
various fragmented groups as Pakistan’s total population. This 
is lower than previous estimates of c.1000 (Schaller 1976). 
Similarly, studies from India have persistently alluded to 
declining populations (Mallon 1983; Chundawat and Qureshi 
1999; Ranghavan 2003). This indicates the precarious status 
of the Ladakh urial; rapidly declining in distribution and pop-
ulation. The Ladakh region appears to be the only remaining 
stronghold of the Ladakh urial. However, robust distribution 

and population assessment of the Ladakh urial are yet to be 
undertaken.

In this context, we aimed to estimate the current distri-
bution range of the species and identify strongholds where 
long-term conservation efforts could be focused. We esti-
mated distribution of Ladakh urial across its entire poten-
tial range in Ladakh, India, using single-season occupancy 
modelling (Mackenzie et al. 2003; Hines et al. 2010). Based 
on distribution assessment, strongholds of urial population 
were identified to estimate population density using double 
observer surveys (Forsyth and Hickling 1997; Suryawanshi  
et al. 2012). The major goal of this work was to inform 
regional and global assessment of conservation status of the 
Ladakh urial.

Method

Study area

Ladakh is a Union Territory in the trans-Himalayan region in 
northern India, comprising of Leh and Kargil districts. It is a 
cold and arid high-elevation desert, with low rainfall, sparse 
and xerophytic vegetation, and low primary productivity 
(Chundawat and Rawat 1994). Temperature varies from 30 °C 
in summer to − 30°C in the winter. Located along the interna-
tional borders with China and Pakistan, Ladakh has a strong 
military presence since 1960s. This has facilitated expansion 
of road network across Ladakh. Ladakh was opened for tour-
ism in 1974, but experienced rapid growth only in the past two 
decades (Dollfus 2012). Expansion of defence, tourism, and 
developmental infrastructure led to rapid socio-economic and 
cultural changes in Ladakh (Dollfus 2012).

The vegetation of Ladakh is classified as “Dry Alpine 
Scrub” (Champion and Seth 1968). Along the Indus and 
Shyok rivers there are patches of moist scrub including 
Myricaria spp. and Salix spp. (Raghavan 2003). Other wild 
herbivores in these river valleys include bharal Pseudois 
nayaur, Himalayan ibex Capra sibirica, Himalayan wooly 
hare Lepus oiostolus, marmot Marmota himalayana, and 
pika Ochotona roylei. Snow leopard, wolf Canis lupus, 
brown bear Ursus arctos isabellinus, and red fox Vulpes 
vulpes are the main carnivores in the region.

The river valleys of Indus and Shyok experience agricul-
ture along with resident pastoralism by local communities. 
Green and black pea Pisum sativum, barley Hordeum vul-
gare, wheat Triticum spp., apple Malus domestica, apricots 
Prunus spp., and walnuts Juglans spp. are the main crops 
grown in the region. Species of livestock include sheep 
Ovis aries, goat Capra aegagrus hircus, cow Bos taurus, 
yak Bos grunniens, dzo-dzomo (cow-yak hybrids), donkey 
Equus asinus, and horse Equus caballus. Local communi-
ties in Kargil and Leh Districts are predominantly followers 
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of Islam and Tibetan Buddhism, respectively (Bhatia et al. 
2017).

Survey design and data collection

Distribution surveys

Distribution surveys were carried out using single-species, 
single-season occupancy framework (Mackenzie et al. 2003; 
Hines et al. 2010). The single-species, single-season occu-
pancy model by MacKenzie et al. (2003) uses temporal rep-
licates where data is collected more than once within an area 
in a short time frame. However, having temporal replicates 
across vast areas is not feasible in a short time period; hence, 
large-scale studies in many cases use spatial replicates (e.g. 
Srivathsa et al. 2018).

Given our large study area, we used spatial replicates 
rather than temporal replicates. Urial are mainly distributed 
along river valleys (Valdez 2008; Mallon 1983; Fox et al. 
1991). The shapefile of the IUCN’s Ladakh urial distribu-
tion polygons (the original IUCN assessment, Valdez 2008, 
and the updated assessment, Michel and Ghoddousi 2020, 
have the same distribution for Ladakh urial) were overlaid 
on rivers/streams layer of the Ladakh region. Rivers/streams 
within the potential distribution range of Ladakh urial were 
clipped. Square grids of 5 × 5 km (25  km2) were overlaid on 
the layer of rivers/streams. These grids were the sampling 
units for occupancy survey. Within each grid, we surveyed 
five 1-km replicates for which detection and non-detection 
of urial was recorded through direct sighting along a single 
5-km transect. As the survey trails were restricted to linear 
features (e.g. ridgelines) where the replicate-level presence 

of species would likely be described by a first-order Markov 
process, we used the single-season occupancy model for 
auto-correlated replicate-level presence, developed by Hines 
et al. (2010). Indirect signs were not used since urial signs 
could not be reliably differentiated from the signs of other 
mountain ungulates and domestic goat and sheep. Upon 
sighting of urial, group size and age-sex classification were 
recorded to understand minimum numbers.

Surveys were done during March–June (spring to early 
summer) and October–November (autumn) 2018 (Fig. 1) 
owing to the size of the study area. The grids surveyed in the 
two different time frames were geographically spaced out. 
March-June surveys were conducted in the Eastern regions 
(around Leh, Diskit, Shyok, and Upshi; Fig. 1) while sur-
veys in October–November were conducted in the Western 
regions (around Batalik, Kargil, Dah, Chiktan; Fig. 1). We 
have limited evidence about urial home range. Nonetheless, 
urial are known to be restricted to secondary and tertiary 
river valleys and exhibit minimal movement throughout the 
year in Ladakh (Namgial et al. 2010). Additionally, our field 
observations throughout the study year and local knowledge 
of herders and wildlife protection department officials also 
suggested that urial, while exhibiting a degree of seasonal 
movement, did not undertake long-distance migration. 
Therein, we have used data from mountain ungulates of 
similar size and natural history (e.g. Pseudois nayaur and 
Capra sibirica); which is consistent with our 5 × 5-km grid 
size (25-km2 area) (Bhatnagar 1997; Ghoshal et al. 2019). 
Site covariates were collected at the same 5 × 5 km (25  km2) 
scale as the survey grids. We selected topographical covari-
ates based on urial ecology. Four main covariates—mean 
elevation, variance in elevation, mean slope, and variance in 

Fig. 1  Map showing the river 
valleys (light blue polygons) 
and occupancy grids with 
potential distribution of urial 
guided by the IUCN assessment 
(red polygons) in Ladakh, India
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slope–were selected. All the covariates were collected from 
Google Earth Engine (Gorelick et al. 2017).

Estimating population density

Based on the occupancy surveys, two relatively large pop-
ulations of Ladakh urial were identified in Upper Sham 
landscape (henceforth mentioned as USL; 280  km2) in Leh 
District and Heniskot-Lamayuru-Takmachik landscape 
(henceforth mentioned as HLTL; 345  km2) spread over the 
Leh and Kargil Districts (Fig. 2). This consisted about 18% 
of the distribution area and was the largest contiguous areas 
with urial populations. Double-observer method (Forsyth 
and Hickling 1997; Suryawanshi et al. 2012) was used to 
survey USL during 18–22 March (spring) 2018, and HLTL 
during 7–11 November (autumn) 2018. Both areas were sur-
veyed in different seasons because of logistic constraints; 
nonetheless, spring and autumn both offer good conditions 
for population assessment of wild ungulates in the region 
(Suryawanshi et al. 2012). Given their geographic separation 

and non-migratory behaviour of Ladakh urial, any move-
ment between these two areas was not expected.

Double observer survey is based on the principles of 
mark-recapture theory (Suryawanshi et al. 2012). Identifying 
individual mountain ungulates is challenging owing to their 
similarity in appearance across ages and sexes. But groups, 
even if temporary, are identifiable given their size, age-sex 
composition, and location. Individual groups were “marked” 
and “recaptured” during the surveys. The method involves 
two teams searching for and counting animals simultane-
ously or sequentially in the same area, while ensuring they 
do not influence one another on the animal detection. The 
double observer survey method has now been used to reli-
ably estimate populations of several species of mountain 
ungulates across Central and South Asia (Tumursukh et al. 
2016; Chetri et al. 2017; Ali et al. 2019; Suryawanshi et al. 
2020; Khanyari et al. 2021).

The USL and HLTL were further divided into smaller blocks 
that could be visually covered by a team of observers on a survey 
occasion. The size and shape of each block was determined by 

Fig. 2  Map displaying the estimated site-use probability of the urial across the study area and the two landscape where population estimation 
surveys were done (inset)
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the terrain and the logistics. Size of blocks varied from 6.75 to 
43.2  km2. The following assumptions were used to conduct the 
survey in each block: (1) For each block, there was entire visual 
coverage; (2) areas within blocks were surveyed independently 
by two teams separated by time; and (3) groups of ungulates 
could be potentially identified individually based on the age-sex 
composition of the herd, location, and any other peculiarities that 
the team could note. The data collected included species, group 
size, and group detection/non-detection by each observer team.

Each team used a pair of binoculars to scan and classify ungu-
late groups. In USL, 11 blocks were surveyed along 55.6 km 
survey trails, resulting in a total of 111.2 survey kilometres (2 
teams). In HLTL, 11 blocks were surveyed along 58.34 km 
survey trails, resulting in a total of 116.7 survey kilometres (2 
teams). Survey trails were predetermined using topographic maps 
of the area and local knowledge of the staff of Wildlife Protection 
Department. The preferred route of the trails was generally the 
ridgelines or valleys as they provided the best visual coverage 
of the block. Often, trails were not straight lines, rather followed 
the topography of the landscape. We ensured starting all surveys 
just post-sunrise to account for the effect of activity patterns (if 
any) on sightings of the study species (Fattorini et al. 2019). Each 
block was surveyed by two teams following the recommenda-
tions of Suryawanshi et al. (2012). The second team started the 
survey about 15–30 min after the first. Long-term observation of 
experienced members of the team has not noticed fission–fusion 
in Ladakh urial from these areas (pers. comm. KS). Each team 
comprised of one or two trained person and same number of 
observers per team per survey was maintained to standardize 
effort. In total, eight observers were involved in the surveys.

Data analysis

Distribution surveys

Single-species single-season occupancy models account-
ing for imperfect detection were used for distribution 
assessment (Mackenzie et al. 2003; Hines et al. 2010). 
Since data on the home range of urial from this region is 
unavailable, and the occupancy surveys spanned across 
ten months, occupancy is interpreted as probability of 
site-use. We modelled probability of site-use and detec-
tion probability using the package “unmarked” version 
0.13–1 (Fiske and Chandler 2011) in Rstudio version 
1.1.447 (R Development Core Team 2019).

Sighting of urial along the five 1-km replicates within the 
survey trails was used as the detection (1)/non-detection (0) 
data for the modelling. We used elevation, slope, variation in 
slope, and ruggedness as site covariates to model occupancy 
of urial (Table 1). These covariates were standardized before 
running the models.

Models were ranked in ascending order based on the Akaike 
Information Criterion (AIC) (Akaike 1973; Burnham and 
Anderson 2002). Models that did not converge were dropped 
from the analyses. If the confidence interval of the coefficient 
of a variable included zero, it was interpreted as a statistically 
non-significant association. Covariates were not used to model 
detection probability as the same teams of observers conducted 
the surveys at similar timings (morning), with similar effort 
(trails of 5 km). The code for analysis is attached in supple-
mentary material 1.

Table 1  Site covariates used to model urial occupancy across Ladakh, with description, and expected relationship with occupancy and detection 
probability

* All the covariates were extracted using Google Earth Engine (Gorelick et al. 2017), a cloud based platform that enables users to process, ana-
lyse, and visualize geospatial data
‡ All of these covariates were continuous

Covariate name*‡ Description Ecological relevance of the covariate

Elevation Mean elevation Urial as mountain ungulates (Caprine) are adapted to semi-arid and high 
mountain habitats (Mallon 1983; Valdez 2008). In Trans-Himalayan 
India, 5200 m is the limit of vegetation and the start of permafrost 
(Project Snow Leopard 2008)

Ruggedness Proportion of rugged area, indicated by variation 
in elevation

Being a true Ovis, urial are known to use flight as a means to escape 
predators rather than escape terrain, such as the Capra (Schaller 1977). 
However, being from a mountainous region and having relatively small 
body size, some use of rugged area is expected

Slope Measure of steepness Being a true Ovis, urial are known to use rolling pasture more than cliffs. 
Nevertheless, urial may use cliffs to forage, move, and potentially giv-
ing birth (Schaller 1977)

Variation in slope Abrupt changes in slope indicating broken areas Same as above
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Estimating population density of Ladakh urial

The “BBRecapture” package that uses the Bayesian frame-
work in R statistical and programming environment (Fegatelli 
and Tardella 2013; R Development Core Team Version 3.3.4 
2019) was used to estimate total number of urial groups. Fol-
lowing Suryawanshi et al. (2012), the unit of analysis was 
the number of groups. If both teams observed a group, it 
was coded “11”; if only the first team observed the group, 
it was coded “10”; and if only the second team observed 
the group, it was coded “01.” Detection of the two teams 
was modelled separately (“mt” model; Fegatelli and Tardella 
2013). To estimate the number of urial groups (Ĝ) in USL 
and HTLT landscapes, the “mt” model was fitted using the 
function BBRecap with a “uniform prior” for Ladakh urial. 
As we expected detection probability to vary across the two 
surveys, the “mt” model was used (Suryawanshi et al. 2012). 
Due to these being the first attempt of using double observer 
method in the Ladakh region for urial, we used uninformed 
uniform priors. A total of 10,000 mcmc iterations with 1000 
burn-in were carried out.

The detection probability for observer teams one and two 
was interpreted from the estimated detection probability by 
model “mt” for occasion one and two. The total popula-
tion  (Nest) for each landscape was estimated as a product 
of the estimated number of groups (Ĝ) and the estimated 
mean group size (µ). In order to estimate the confidence 
intervals of the population using both the mean group size 
and estimated number of groups, we generated a distribu-
tion of estimated group size by bootstrapping 10,000 times 
with replacement. A distribution of estimated population 
 (Nest) was generated by multiplying 10,000 random draws of 
estimated number of groups (Ĝ), weighted by the posterior 
probability and draws of mean group size (µ). The estimated 
population  (Nest) was the median of the resultant distribu-
tion, while the 2.5 and 97.5 percentiles were used as the 
confidence intervals.

We estimated density by dividing the estimated abun-
dance by the total area sampled, which was obtained 
by areas of all the surveyed blocks. We demarcated and 
obtained areas of blocks on Google Earth Pro post-survey. 

These included areas that were visible from the trails. The 
analysis code is attached in supplementary material 1.

Results

Distribution surveys

Overall, a total of 137 grids were surveyed, covering 3425 
 km2 area across Leh and Kargil Districts, Ladakh. Ladakh 
urial were detected 25 times in 22 grids during the occu-
pancy surveys. This includes 2 relatively contiguous areas 
between Khalste-Likir (i.e. USL) and the Heniskot-Lamay-
uru-Takmachik landscape (i.e. HSLS). Additionally, smaller 
fragmented urial groups were spotted near Namkila (Kar-
gil district), Sumur (Nubra valley), Tasti (Shayok valley), 
Stakna (Leh district), and Domkhar-Skurbhuchan (Leh dis-
trict), amongst others. Naive site-use probability was 0.16, 
and estimated site-use probability was 0.32 (± 0.10; 95% 
confidence interval 0.16–0.53), suggesting urial were likely 
to use 32% or 1199  km2 of the study area (Fig. 2). Detection 
probability of urial was 0.16 (± 0.06; 95% CI 0.08–0.30).

Table 2 shows five candidate models in addition to the 
null model. All other combinations of covariates were 
assessed but did not converge, hence are not presented. 
About 70% of estimated urial distribution was explained by 
elevation, followed by another 28% explained by a combina-
tion of elevation and slope. Both elevation and slope had a 
positive relationship with urial site-use (β elev = 0.719 ± 0.06; 
β slope = 0.490 ± 0.33).

Estimating population of Ladakh urial

Total urial population was estimated to be 686 (95% CI 
686–725) individuals from the two landscapes. In USL, urial 
population was estimated to be 355 (95% CI 355–389), with 
a density of 1.27 individuals/km2, while in HLTL, it was 
331 (95% CI 331–378) with a density of 0.96 individuals/
km2 (Table 3). The number of groups and mean group size 
of urial varied between the two landscapes (Table 3; Fig. 3). 
The USL had relatively higher number of groups (24), but 

Table 2  Untransformed 
estimates of coefficients (β) 
of urial site-use probability 
along with AIC value for each 
of the models. AIC—Akaike 
Information Criteria (Akaike 
1973); AICwt—Akaike 
information criteria weights 
(Akaike 1973)

Model Coefficient (β ± SE) AIC* Delta AIC AICwt**

Elevation β elev = 0.719 ± 0.0633 207.18 0 0.6990
Elevation + Slope β elev = 0.719 ± 0.0633

β slope = 0.490 ± 0.326
209.01 1.83 0.2795

Elevation Var β elevar = 0.139 ± 0.105 215.98 8.79 0.0086
Null - 216.36 9.17 0.0071
Slope β slope = 0.490 ± 0.326 217.99 10.81 0.0031
Slope Var β slope var = 0.325 ± 0.200 218.35 11.17 0.0026
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smaller group size (mean c.15 individuals 95% CI 10–21), 
while the HLTL had lower number of groups (11), but larger 
group size (mean c.30 individuals 95% CI 9–67). The mean 
for HLTL is significantly pulled by a specific group of 207 
individuals. This suggested the urial distribution is highly 
clumped in HLTL, whereas more homogenously distributed 
across the USL landscape. Additionally, even though all the 
11 groups in HLTL are recaptured, the detection probability 
is 0.92 as our analysis assumes imperfect detection. This is 
exhibited via a relationship between number of groups and 

detection probability. The “BBRecapture” package uses the 
inbuilt prior and the number of detections to estimate detec-
tion probability. If the analysis was done using Canonical 
estimator (used by Forsyth and Hickling 1997; Suryawanshi 
et al 2012), then the estimated detection probability would 
be 1 for both observers.

Discussion

The study aimed to understand the conservation status of the 
“Vulnerable” Ladakh urial across its entire range in India. 
We estimate urial distribution range in Ladakh to be c.1200 
 km2 area, constituting only a third of its presumed distri-
bution range (Valdez 2008; Michel and Ghoddousi 2020; 
Fig. 1). Within the current distribution range, only two clus-
ters of relatively large populations (355 and 331 individuals 
in USL and HLTL, respectively) could be identified, cover-
ing an area of 625  km2. Age-sex characteristics could not be 
reported for the two populations as surveys were conducted 
during different seasons.

In the central and eastern parts of the distribution (Fig. 1), 
urial was found to be distributed in small patches along 
the main Indus river basin and to a lesser extent along the 
Shyok-Nubra river basin (North-East of the distribution in 
Fig. 1). In the western part of the distribution, urial were 
less likely to occur across vast areas of potential habitat. 
IUCN map of urial range suggested occurrence of urial in 
Gya-Miru, Diskit, Durbuk-Tangste-Shyok regions. However, 

Table 3  Information about 
Ladakh urial populations in 
Upper Shyam and Heniskot-
Lamayuru-Takmachik 
landscapes, Ladakh, Northern 
India

Detection probabilities (P1 first observer; P2 second observer), individual ungulates seen by each observer 
(Obs 1 total and Obs 2 total), Individual number of groups seen by each observer (Obs 1 groups and Obs 2 
groups), number of groups seen by both, i.e., recaptures (Common groups) and mean group size. The esti-
mated lower 95% CI is the same as the estimated population because the estimated population is equal to 
the minimum count due to relatively high detection probability at both the sites

Upper Shyam (USL) Heniskot-Lam-
ayuru-Takmachik 
(HLTL)

Area  (km2) 280 345
Minimum count (Obs 1 and 2 combined) 355 331
Estimated population (95% CI) 355 (355–389) 331 (331–378)
Density 1.27 (1.27–1.39) 0.96 (0.96–1.10)
P1 0.83 0.92
P2 0.91 0.92
Obs 1 Total 323 331
Obs 1 group 21 11
Obs 2 Total 353 331
Obs 2 group 23 11
Common groups 20 11
Total groups 24 11
Range of group sizes 2–58 1–207
Mean group size 14.8 (9.7–20.7) 30.1 (9.3–67.7)

Fig. 3  a Densities of urial in USL and HLTL. b Mean group size of 
urial in USL and HLTL
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urial were not detected in these regions during the occu-
pancy surveys.

Urial distribution showed positive correlation with eleva-
tion and slope. Across the study landscape, urial were largely 
sighted on continuous rolling hills which were rarely broken 
by cliffs or other rugged areas. This is consistent with exist-
ing knowledge that urial are likely to occur in relatively roll-
ing terrain along the Indus and Shyok rivers (Namgail et al. 
2010). Being true sheep (genus Ovis), urial use run-to-evade 
strategy, rather than using rugged areas as escape terrain, 
to avoid predators (Schaller 1977). Our observation in the 
field also suggested that urial seemed to use a combination 
of vigilance and flight strategy to escape predators or avoid 
humans. Nevertheless, research gaps remain in understand-
ing urial behaviour and habitat-use. Large variation in the 
coefficient for slope could be because of the grid size. Slope 
was averaged for each pixel within the grid and parts of 
grids could be rugged and steep. Additionally, as we lack 
empirical data on urial from the region, we have used local 
knowledge and data from the mountain ungulates of similar 
size and natural history to survey 25-km2 grids to determine 
site-use probability (Bhatnagar 1997; Ghoshal et al. 2019). 
It is important that future studies investigate urial movement 
and behaviour to further refine the understanding of urial 
occupancy in the region.

Previous surveys suggest urial population in India to be 
1000–2000 individuals, with a declining population trend 
(Raghavan 2003; Valdez 2008; Namgail et al. 2009). Earlier 
work has suggested (Mallon 1983; Fox et al. 1991), and our 
surveys confirm that the USL and HLTL landscapes support 
majority of the remaining Ladakh urial population in India. 
The Nubra-Shyok basin was historically considered to be 
one of the strongholds of the urial; however, we recorded 
only four groups with 43 individuals in three out of the 33 
grids in this region. The USL and HLTL landscapes are the 
most important areas for the conservation of Ladakh urial in 
India. We found a total of 686 urial between these two sites. 
This suggests that the overall population of urial in Ladakh 
is likely to be lower than 1000. These two landscapes are 
perhaps of global importance for this sub-species, given that 
populations in the neighbouring Gilgit-Baltistan region have 
suffered severe declines over the past decade (Siraj-ud Din 
2016; Valdez 2008; Schaller 1977).

A major conservation threat to Ladakh urial is competition 
from livestock (goat-sheep), based on their similar body-size 
and diet requirements (Violle et al. 2011; Namgail et al. 2010; 
Bhatnagar and Wangchuk 2001). Supplementary feeding for 
livestock during winter across majority of Ladakh supports 
relatively large livestock herds, contributing to higher stocking  
densities of livestock (Fox et al. 1991; Mishra et al. 2001). 
This, coupled with the natural competition from relatively 
larger bodied sympatric blue sheep (Pseudois nayaur) with a 
similar diet, is a potential constraint on the distribution and  

population of urial (Namgail et al. 2010). Future research 
should investigate the impact of competition from sympatric 
domestic and wild ungulates (blue sheep and Asiatic ibex) on 
urial. Changing land-use and livelihoods of local communities  
in potential urial habitat through cultivation and expanding 
habitations may pose a threat to remaining urial populations 
(Mallon 1983; Fox et al. 1991). Hunting of urial for subsistence  
and recreation is another major conservation threat in this 
region. Robust hunting data from the region is unavailable. 
Key informants, such as staff of the Department of Wildlife 
Protection, suggested urial hunting for meat to be prevalent, 
especially in Kargil District and some parts of Leh District. 
A higher mean group size for a similar population density in 
the HLTL (largely in Kargil District; Fig. 3) in comparison to 
the USL (entirely in Leh District; Fig. 3) could potentially be 
in response to local hunting pressure (Marino and Baldi 2014; 
Pulliam and Caraco 1984). It can also be an artefact of sampling 
HLTL in October–November as the rutting season starts around 
this time for urial, resulting in possible congregation in large 
numbers. We do not have enough evidence to conclude a reason 
for this discrepancy in group sizes.

Given the evidence of rapid local extirpation of Ladakh 
urial from the neighbouring Gilgit-Baltistan region (Schaller 
1977; Mallon 1983; Siraj-Ud-Din et al. 2016), Ladakh urial 
need to be considered as a priority species for conserva-
tion in India with focus on the US and HLT landscapes. 
The USL and HLTL are both outside the existing protected 
area network. Conservation in these landscapes will need 
support from local communities. Community-based live-
stock grazing free reserves may be set up to create refuges 
for the urial (Mishra et al. 2016a). This could be supported 
by community patrolling to ensure no hunting takes place. 
Awareness campaigns may be necessary for non-local stake-
holders, such as defence agencies to convey the ecologi-
cal importance of urial and the illegality of hunting them. 
These strategies can potentially be effective in other areas 
with smaller and fragmented urial groups as well. However, 
together, USL and HLTL can be considered as a unit for 
landscape-based participatory conservation according to the 
Government of India’s Project Snow Leopard (PSL 2008). 
This will allow integrated conservation of the area, while 
also providing for integrated plans and funding.
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