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EXECUTIVE	SUMMARY	

In	August	2014,	 the	 first	nation-wide	snow	 leopard	survey	began	with	sign	and	prey-
base	survey	 (Phase	 I)	across	all	possible	areas	of	occurrence	 in	Bhutan:	 Jigme	Khesar	
Strict	 Nature	 Reserve,	 northern	 part	 of	 Paro	 Territorial	 Forest	 Division,	 Jigme	 Dorji	
National	Park,	Wangchuck	Centennial	National	Park,	Bumdeling	Wildlife	Sanctuary	and	
Sakteng	Wildlife	Sanctuary.	

This phase one survey, with the prime o��ective of understanding snow leopard and its 
prey distri�ution, lasted a�out a year. A total of ͵ͻͷ grids, each measuring 4 �y 4 km, 
were surveyed across the potential ha�itats. Within each survey grid, the ade�uately 
trained survey teams looked for snow leopard and �lue sheep signs, including sightings, 
and recorded their ha�itat utili�ations. The Ma��nt model was used to predict the 
distri�utions of snow leopard and �lue sheep.  

A total of ͵4ͷ snow leopard signs were encountered, and they were dominated �y scats, 
followed �y tracks. Ma�ority of signs were encountered in JDNP, while the least num�er 
of signs were found in JKSNR. As regards to �lue sheep, 426 signs were recorded, with 
droppings dominating the signs as in the case of snow leopard signs. Blue sheep signs 
showed similar pattern like that of the snow leopard with highest num�ers recorded in 
JDNP, and BWS recorded the least.  SWS did not record any sign of �oth snow leopard 
and �lue sheep. 

More than ͷ0Ψ of the snow leopard signs were found in alpine meadows. �ighest 
num�er of snow leopard signs was o�served in southeast aspectǢ �etween ͵0o and 400o 
slopesǢ and from 4,͵00 to 4,600 m altitudinal range. Blue sheep also showed similar 
ha�itat utili�ation pattern with most of the signs o�served in alpine meadows, �ut in 
northeast aspect, �etween 0o and ͵0o slopes, and from 4,͵00 to 4,600 m.  

Ma��nt model showed high pro�a�ility of snow leopard occurrence in central part of 
JKSNR, northern part of PTFD, northern and west parts of JDNP, Western and Central 
Range of WCNP, and northern part of BWSǯs Dung�am Range. These areas also had high 
density of �lue sheep, which was the environmental varia�le that mostly influenced the 
model gain for snow leopard distri�ution. Snow leopard distri�ution map clearly 
showed a declining pro�a�ility of occurrence from west to east Bhutan. The model also 
showed the highest pro�a�ility of �lue sheep occurrence in most of JDNP, northern part 
of PTFD, central part of JKSNR, lower half of WCNP, and upper right portion of BWS. 
Land cover varia�le mostly influenced the Ma��nt model of �lue sheep distri�ution.  

Bhutan has vast swathe of suita�le areas for snow leopard and �lue sheep occurrence 
�ased on the phase I survey findings. In order to maintain Bhutan as an important 
stronghold for snow leopard conservation in the eastern �imalayas, several 
management recommendations are offered of which the strong emphasis should �e 
afforded to maintain the alpine meadows and ha�itat connectivity �etween potential 
ha�itats. Data generated from this report could �e used in careful planning of the Phase 
II survey, which involves estimating snow leopard population using camera traps, and 
for drafting of the snow leopard landscape conservation plan for Bhutan.  
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C�A�TE� ONEǣ INT�OD�CTION 

ͳǤͳǤ ���������� ��� ��������� 

The snow leopard (P���h���������) is 
a glo�ally endangered cat species, as 
per the I�CN̵s (International �nion 
for the Conservation of Nature) 
Redlist data�ase (I�CN 201͵). In due 
recognition of its endangered status, 
the species is listed as one of the 
totally protected species in Schedule I 
of the Forest and Nature Conservation 
Act of Bhutan 1ͻͻͷ and also Appendi� 
I of the Convention on International 
Trade in �ndangered Species of Wild 
Fauna and Flora (CIT�SǢ �ussian 
200͵).  
The Royal 
overnment of Bhutan 
greatly appreciates and values the 
conservation significance of this high 
profile predator. �owever, due to lack 
of ade�uate funding and technical 
e�pertise nation-wide survey of snow 
leopard and its prey �ase could not �e 
conducted in the past although such a 
need was felt since a long time ago. As 
such, there has �een a dearth of 
information a�out its population 
status, distri�ution pattern, and prey 
�ase in the country. In a�sence of such scientific details, the Department of Forests and 
Park Services (DoFPS) of the Ministry of Agriculture and Forests (MoAF) could not come 
out with concrete scientific management and action plans to ensure proper 
management of this iconic species.  

In view of the mounting threats to snow leopard and its prey (Thinley et al. 2014), the 
Department felt the urgent need to conduct their population assessment at the national 
scale, in order to esta�lish the �aseline population figures for current management and 
future monitoring purposes. The Department through Wildlife Conservation Division 
(WCD) took the initiative to mo�ili�e funds from numerous potential donors for this 
huge scientific venture.  
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Fortunately, with financial support from various agencies, nota�ly the World Bank̵s 
International Development Association (WB-IDA) Pro�ect, the World Wildlife Fund 
(WWF) - Bhutan Programme, the Nature Conservation for Biodiversity �nion (NAB� 

ermany), the Bhutan Trust Fund for �nvironmental Conservation (BTF�C), 
Kanchen�unga Landscape Conservation and Development Initiative Pro�ect (KLCDI), 
International Centre for Integrated Mountain Development (ICIMOD) and also with co-
financing from the Royal 
overnment of Bhutan (R
oB), the DoFPS this time has �een 
a�le to carry out the first ever National Snow Leopard Survey of Bhutan (hereafter 
referred to as the NSLSB). As a nodal agency for wildlife management within the 
Department, the WCD assumed the role as the pro�ect management office to effectively 
guide and coordinate the entire survey process. The Renewa�le Natural Resources 
Research and Development Centre (RNRRDC) at Yusipang, which is the research arm of 
the DoFPS, also provided technical e�pertise right from the scientific design phase till 
data analysis and drafting of the reports.   

As per the scientific norm, a comprehensive sign survey precedes any detailed camera-
trap survey (Karanth et al. 2002) for population estimation. This is to identify optimal 
areas to place camera traps and to ma�imi�e detection pro�a�ilities of the target species 
(Karanth et al. 2011). Therefore, the NSLSB was systematically divided into two phases, 
primarily to achieve scientific rigor. The Phase I of the survey focussed on snow leopard 
sign and prey �ase survey while the Phase II concentrated on camera trap survey of 
snow leopards to estimate its population a�undance in the country. 

Coinciding with the dry season, which is good for spotting animal signs, the Phase I of 
the NSLSB kicked off in late August of 2014 in all the potential areas of snow leopard 
occurrence in Bhutan, including Bumdeling Wildlife Sanctuary (BWS) and Sakteng 
Wildlife Sanctuary (SWS).  

ͳǤʹǤ O��������� �� ��� N���� ����� I 

The NSLSB Phase I was carried out with the following prime o��ectives to: 
a) know the a�undance and distri�ution of snow leopard signsǢ
�) determine ha�itat utili�ation characteristics of snow leopardǢ
c) understand the distri�ution of �lue sheep (P��������������),

which is the principal prey of snow leopardǢ and
d) identify optimal areas of snow leopard occurrence for

placement of camera traps during the Phase II of the NSLSB.

ͳǤ͵Ǥ ����� ��� ������� �� ��� ����� I ������ 

The NSLSB Phase I report is confined to the activities of the NSLSB that were carried out 
in Phase I of the survey. The report e�plains in detail all key activities that were 
performed in the Phase I in order for the activities in the Phase II to �e fully 
accomplished. This pu�lication drew mostly upon the data and survey reports 
su�mitted �y the focal persons from the respective survey areas (���Ǥǡ parks and 
division).  

As planned, the NSLSB Phase I report was used as the main �asis for planning and 
e�ecution of the Phase II survey. Particularly, findings from the Phase I survey helped in 
the implementation of the Phase II activities with regard to selecting survey grids and 
locating prime areas within the selected grids for placement of camera traps. 

Findings on prey �ase could �e used for devising conservation plans for management of 
snow leopard and their prey species at the auto-ecological level as well as the syn-
ecological level.   

In due course of the Phase I survey, a technical team was formed to design a survey 
manual for surveying and monitoring of snow leopards (Please refer to Thinley et al. 
201ͷa).  
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C�A�TE� ʹǣ �ATE�IA�� AND �ET�OD� 

ʹǤͳǤ ������ ���� ��������� 

�sing the elevation range of ͵,ͷ00 to ͷ,ͷ00 meters as the sole criterion, the potential 
areas of snow leopard occurrence in Bhutan were mapped in Arc
IS. This elevation 
range was selected �ased on the field records of snow leopard signs o�served in the 
Jigme Dor�i National Park (JDNP) and Wangchuck Centennial National Park (WCNP) 
during the respective park-wide snow leopard surveys in 2012. �owever, areas with no 
possi�ility of snow leopard occurrence such as Dagala also featured in the map (Fig. 
2.1), and the NSLSB core team mem�ers omitted such places. The final map of potential 
snow leopard ha�itat (Fig. 2.2) was similar to the one developed �y the WWF (Fig. 2.͵) 
in its snow leopard action strategy for the �imalayan region (Wikramanayake et al. 
2006), e�cept that the areas in Jigme Singye Wangchuck National Park (JSWNP), 
Phrumsengla National Park (PNP), and Dagana D�ongkhag (administrative district) 
were e�cluded in the latter. The total area of snow leopard ha�itat in Bhutan comes to 
appro�imately ͺ,͹ͺ͵.2͵ km2, using the elevation criterion. 

The core team decided to conduct sign survey in the Jigme Khesar Strict Nature Reserve 
(JKSNR), JDNP, WCNP, BWS, northern part of Paro Territorial Forest Division (PTFD),  
and even SWS, as these areas appeared as the potential areas for snow leopard. 
Although, there has not �een a single record of snow leopard presence in the SWS, the 
team decided to conduct sign survey there �ecause of the greater likelihood of snow 
leopard presence in the sanctuary, �udging from the presence of large tracts of alpine 
meadow - a prime ha�itat for �lue sheep and �imalayan marmot (��������
h���������).  

	����� ʹǤͳ: Potential snow leopard ha�itat in Bhutan �ased on the elevation 
range of occurrence (͵,ͷ00 to ͷ,ͷ00 meters) 
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	����� ʹǤʹǣ Potential snow leopard ha�itat in Bhutan �ased on the elevation 
range of occurrence (͵,ͷ00 to ͷ,ͷ00 meters) and data from the field offices.  

	����� ʹǤ͵ǣ Potential snow leopard ha�itat in the Bhutanese trans-�imalaya (Sourced 
from the WWF �S, 200ͷ)  
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ʹǤʹǤ ������ ���� ����������� 

The survey areas are discussed individually for the sake of clarity and to achieve direct 
focus on the survey o��ectives. Only the area characteristics relevant to snow leopard 
and its principal prey, the �lue sheep, are discussed. Some of the characteristics were 
sourced from the recent pu�lication on the protected areas of Bhutan (DoFPS 2016).  

ʹǤʹǤͳǤ 
���� ������ ������ N����� ������� ȋ
��N�Ȍ 

The Jigme Khesar Strict Nature Reserve (formerly known as the Toorsa Strict Nature 
Reserve) is the only strict nature reserve in the country. �nlike in any other protected 
areas in Bhutan, the JKSNR does not have any permanent human settlements, e�cept for 
a few nomadic livestock herding communities (TSNR 2011). Situated in the 
westernmost part of Bhutan �ordering the Indian State of Sikkim, the reserve forms a 
part of the Kanchen�unga Landscape Conservation Area (NCD 200ͷ). The reserve �eing 
a huge potential snow leopard ha�itat and with fre�uent sightings of �lue sheep and 
�imalayan marmot, evidence of snow leopard is fairly common along the northern 
range of the reserve, including the recent sighting of a snow leopard in 201ͷ. 

ʹǤʹǤʹǤ ���� T���������� 	����� D������� ȋ�T	DȌ 

The Paro Territorial Forest Division is the only division amongst the 12 territorial forest 
divisions in the country that has si�a�le potential area for snow leopard. The northern 
part of the division har�ours relatively undistur�ed forest cover and vast swathe of 
alpine meadows and screes, offering ideal ha�itat for endangered wide ranging 
predators such as the tiger and snow leopard. Indeed, the �iological corridor linking the 
JDNP and JKSNR passes through this portion of the division. Thus, the PTFD provides a 
crucial connectivity for the tiger and snow leopard populations residing in the JDNP and 
JKSNR.   

ʹǤʹǤ͵Ǥ 
���� D���� N������� ���� ȋ
DN�Ȍ 

The Jigme Dor�i National Park is the second largest protected area (4,͵16 km2) in 
Bhutan. Almost two-third of the park area is suita�le for snow leopard and �lue sheep, 
due to the presence of large tracts of alpine meadows and screes. In fact, the first 
photographic and video evidence of snow leopard in Bhutan was o�tained from the 
park. During the camera trap survey of snow leopards in 2012, 1ͺ adults and ͵ cu�s 
were identified from 410 images of snow leopards o�tained in the park (Thinley et al. 
2014). In addition, large herds of �lue sheep can �e commonly seen gra�ing together 
with domestic yaks along the ma�or trekking routes in the park (Thinley et al. 201ͷ�). A 
recent study �y Leki et al. (2016) revealed that the Ling�hi Park Range alone is 
estimated to have 1,͹62 �lue sheep in winter and 2,0ͻ͹ in summer. Therefore, JDNP is 
�elieved to �e the largest stronghold for snow leopard conservation in the Bhutan as 
well as in the �astern �imalayas.  
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ʹǤʹǤͶǤ ��������� C��������� N������� ���� ȋ�CN�Ȍ 

�ncompassing an area of 4,ͻ14 km2, the Wangchuck Centennial National Park (formerly 
known as the Wangchuck Centennial Park) is the largest of the ten protected areas in 
Bhutan and the last park to �e included under the PA system (WCP 2012). Ne�t to the 
JDNP, WCNP is the second largest stronghold for snow leopard conservation in Bhutan. 
A survey conducted �etween 2012 and 2014 estimated 1ͷ individuals of snow leopard 
in the park (Shrestha Ƭ Ten�in 201ͷ). The park is also known to har�our many herds of 
�lue sheep in the northern region.  

ʹǤʹǤͷǤ ��������� �������� ��������� ȋ���Ȍ 

Bumdeling Wildlife Sanctuary is situated in the north-eastern part of Bhutan. 
a�etted 
in 1ͻͻ4 to protect the representative mid and high altitude ecosystems of the eastern 
�imalayas, the sanctuary har�ours huge e�panse of ideal ha�itats for �oth the snow 
leopard and �lue sheep (BWS 201͵). Several small herds of �lue sheep are �eing 
regularly spotted in the northern part of the sanctuary, �ut so far individuals of snow 
leopard and the evidences are yet to �e seen, although yak herders have �een 
complaining a�out losing their yaks to wild predators. In 1ͻͻ͹, the �iodiversity survey 
team noted the head monk of Singye D�ong reporting a�out the sighting of a snow 
leopard close to the monastery (personal communication, Sonam Wangchuk, Chief, 
WCD). �ence, the presence of the snow leopard is greatly e�pected in the sanctuary.  

ʹǤʹǤ͸Ǥ ������� �������� ��������� ȋ���Ȍ 

The Sakteng Wildlife Sanctuary is situated in the eastern most part of Bhutan. Most of 
the people living inside the sanctuary are yak herders who have maintained open 
pasturelands for ages (SWS 201͵). The communal pasturelands provide good ha�itat 
for wild her�ivores such as the �lue sheep. The sanctuary officials stated that there used 
to �e several �lue sheep in the sanctuary, �ut nowadays they can hardly �e seen. 
Nevertheless, the �imalayan marmot, which is another supplementary prey for the 
snow leopard (Schaller et al. 1ͻͺͺǢ Devkota et al. 201͵), is commonly seen in the 
sanctuary. So far, there has not �een a single case of livestock depredation �y snow 
leopard in the sanctuary, �ut looking at the yak and marmot population one can e�pect 
snow leopards there. 

ʹǤ͵Ǥ ������ ������� ��� ���� ����������� 

ʹǤ͵ǤͳǤ ������ ������� 

On the whole, sign surveys and �lue sheep surveys were conducted in all the survey 
areas for the duration of one year, starting from August 2014 till July 201ͷ.  

Best timing for sign survey may depend on weather conditions in the survey areas 
(Ahl�orn Ƭ Jackson 1ͻͺͺ). The respective survey teams in each survey area, hence, 
started and ended their surveys at different time period, depending on the weather 
conditions. The survey teams tried their �est to conduct sign surveys during dry periods 
when visi�ility and dura�ility of signs were the ma�imum.  

ʹǤ͵ǤʹǤ ������ ���� ����������� 

In order to capitali�e on site familiarity, the survey teams for each survey area were 
formed from the staff of the respective area. For e�ample, the survey teams in the WCNP 
were composed of WCNP staffs only. Within each survey area, the specific survey grids 
were allocated to the specific park or division range staffs that were further split into 
several su� groups to cover specific grids within their own range areas. Also at the park 
level, a focal person was nominated to collect, compile, archive, and su�mit the survey 
data and reports to the national focal person (see ��������� � for the list of field focal 
persons).  

At the central or national level, a focal person (or a national coordinator) was appointed 
at the office of the WCD to centrally coordinate the survey activities, archive the data, 
and pu�lish survey reports at the national level. Also at the national level, a core team 
was formed to assist the national focal person in survey design, staff training, data 
collection, data analysis, and report writing (see ��������� �� for the list of core team 
mem�ers).  

ʹǤͶǤ ���� ������ ������� 

ʹǤͶǤͳǤ ������ ����� 

A total of ͵21 survey grids, each measuring 4 km � 4 km, were selected to conduct snow 
leopard sign survey (Fig. 2.4). The grids that contained topographic and landscape 
features where occurrence of snow leopard was unlikely were omitted. Due to 
inaccessi�ility and varying field conditions, some of the survey teams could not cover all 
the grids allocated to their respective division or park (Ta�le. 2.1).  
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T���� ʹǤͳǣ The num�er of survey grids allocated to respective survey areas and the 
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	����� ʹǤͶǣ 
rids (measuring 4 km � 4 km) for survey of snow leopard signs and prey 
�ase, particularly the �lue sheep.  

ʹǤͶǤʹǤ D�������� ���� ������� ����� 

Within each survey grid, the survey teams looked for snow leopard signs, such as tracks, 
scats, scrapes, scent marks, and claw rakes. �fforts were concentrated on sites with high 
likelihood of spotting signs, usually in the marking sites such as the �ase of cliffs, 
ridgeline crests and saddles, meeting of the ridgelines near the confluences of rivers and 
streams, �ase of prominent rocky �oulders, and well-defined trails (Ahl�orn Ƭ Jackson 
1ͻͺͺǢ Fo� et al. 1ͻͺͺ, 1ͻͻ1Ǣ Jackson Ƭ �unter 1ͻͻ6Ǣ Jackson et al. 200ͷǢ Thinley et al. 
201ͷa).  

A survey format (������������) was developed to record: a) type and condition of signs 
o�servedǢ �) location, elevation, and topographic features of sites where the signs were 
o�servedǢ and c) ha�itat types and general ha�itat conditions. The geographical 
coordinates of the signs were also recorded for mapping purposes. 

In addition to the area knowledge of the surveyors, the local people, specifically 
the yak herders, were consulted to achieve nearly pin-pointed searches for signs.  

The surveyors were thoroughly trained �y the resource persons from the Core Team on 
how to relia�ly identify snow leopard scats and tracks, and to distinguish �etween snow 
leopard signs and other sympatric carnivore signs. �uite often, surveyors mistook 
common leopard tracks for snow leopard tracks (Jackson et al. 200ͷ) in areas where 
these two carnivores were sympatric. The surveyors were also confused �etween snow 
leopard scats and red fo� (������� ������) scats, especially when the scats were 
somewhat old and deteriorated. For e�ample, Janecka et al. (200ͺ) reported ͷ4Ψ of 
snow leopard scats were misidentified as those of red fo�. One of the main reasons for 
such a confusion was that the length and num�er of segments in scats of snow leopards, 
wolves, and fo�es were not statistically different (Anwar et al. 2011).  Tips to avoid such 
misconceptions were imparted, particularly highlighting on the need to check the scat 
si�e and contents such as the hair contents and also on uni�ue M-shaped lo�es on the 
anterior portion of the snow leopard̵s pad (Oli 1ͻͻ4). 

ʹǤͶǤ͵Ǥ C�������� ���� ��������� ����� 

The relative a�undance inde� such as sign encounter rates were computed using the 
num�er of signs detected per kilometre of distance walked �y the surveyors (Jackson et 
al. 200ͷ). This inde� was computed for each survey area to �e used for rapid monitoring 
of the changes in snow leopard a�undance in times of limited �udget and resources 
needed to conduct e�tensive surveys and camera trapping (Jackson Ƭ �unter 1ͻͻ6).  

ʹǤͶǤͶǤ ������� ���� ������� ����� ��� ����������� �������� ��� ������ �������� 

The geographical coordinates of signs were plotted in Arc
IS to look at the sign 
distri�ution and were factored in Ma��nt model to identify good spots for stationing 
camera traps which are represented �y areas with high pro�a�ility of occurrence, often 
representing overlapping core areas of individuals (Ahl�orn Ƭ Jackson 1ͻͺͺ).  

ʹǤͷǤ ���� ���� ������ ������� 

ʹǤͷǤͳǤ 
������ ���� ������� �� ���� �������� 

In its entire glo�al distri�utional range, the snow leopard preys on a wide variety of 
ungulate species, including the domestic yaks, horses, sheep, and goat (�emmer 1ͻ͹2). 
There is wide assortment of natural prey species in most of its range states, from wild 
goats and sheep to ga�elles, musk deer, i�e�es and pigs. �owever, the principal natural 
prey species differs from region to region, depending on their availa�ility. In Mongolia, 
Si�erian i�e� (Capra sibirica) and argali sheep (Ovis ammon) are the principal prey of 
the snow leopard (Sheh�ad et al. 2012). Likewise, Si�erian i�e� and markhor (Capra 
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�a�con�ri) are the dominant natural preys in northern Pakistan (Anwar et al. 2011). In 
some parts of Nepal, �imalayan tahr (����������������h����) and musk deer (����h���
�h����������) are the main diets of the snow leopard (Lovari et al. 200ͻ). Their diet 
could also include small mammals such as pikas and hares and �irds (Lyngdoh et al. 
2014). The �lue sheep forms the principal prey in four of its range states, such as China 
(Schaller et al. 1ͻͺͺǢ �u et al. 200ͺ), India (Fo� et al. 1ͻͻ1Ǣ Bagchi Ƭ Mishra 2006), 
Nepal (Oli et al. 1ͻͻ͵Ǣ Oli 1ͻͻ4Ǣ Wegge et al. 2012Ǣ Devkota et al. 201͵), and Bhutan 
(Thinley et al. 2014Ǣ Shrestha Ƭ Ten�in 201ͷ). In the �imalayas, marmots are also eaten 
as important food supplement (Schaller et al. 1ͻͺͺǢ Oli 1ͻͻ4).  

ʹǤͷǤʹǤ ���� ������ 

Prey survey was conducted together with the snow leopard sign survey. Because it was 
too ta�ing for the surveyors to complete these two tasks concurrently, the preferred and 
ro�ust dou�le-o�server survey method (Forsyth Ƭ �ickling 1ͻͻ͹Ǣ Suryawanshi et al. 
2012) could not �e employed to estimate the a�undance and density of the prey species. 
Instead, the simple sign survey was conducted for the �lue sheep to understand its 
distri�ution pattern and ha�itat utili�ation. The sign locations (including those of 
sightings) and ancillary information of �lue sheep were recorded in a separate format 
(Anne�ure I�).  Readers are advised to refer to the recent estimation of �lue sheep 
population in JDNP �y Leki et al. (2016) for in-depth understanding of the application of 
dou�le-o�server method in Bhutan̵s conte�t.  

�imalayan Marmot�ȋ������������������Ȍ

The Ma��nt program (Phillips et al. 2006) was used to generate a map of snow leopard 
and �lue sheep distri�ution in the country. The Ma��nt in an ecological sense is a 
computer program for modelling species distri�ution, using presence-only location data 
of the target species (and its signs) along with determinant environmental varia�les, to 
produce a surface which represents pro�a�ility of occurrence of the species (Papeç Ƭ 

au�ert 200͹Ǣ �lith et al. 2010). Among many species distri�ution models, the Ma��nt 
was opted �ecause the true a�sences of the target species could not �e confirmed in the 
areas where they were deemed to �e a�sent due to two reasons: 1) the sign survey was 
rapid, and there was no e�tended searches in the areas marked as a�sentǢ and 2) the 
survey was simply focussed on finding out signs of occurrences. Such a presence-only 
data without true a�sence lends itself well to Ma��nt mode of modelling species 
distri�ution. In fact, the model has �een proven to work well even with a limited 
presence records (Phillips et al. 2004). The model has �een applied to some carnivores 
such as dholes (Jenks et al. 2012).  

The surveyors were issued with high power �inoculars and spotting scopes to locate 
�lue sheep and other prey species. They were also trained on se� and age classification 
of �lue sheep �ased on the classification method employed �y Wegge (1ͻ͹ͻ) in Nepal.  

ʹǤ͸Ǥ D��� �������� 

ʹǤ͸ǤͳǤ ����������� A������� 

In order to know the ha�itat utili�ation and distri�ution of snow leopard and �lue sheep 
signs along the environmental gradients of slope, elevation, aspect, and ha�itat types, 
descriptive statistics were first performed to see any uni�ue patterns and marked 
differences. Kruskal-Wallis test with post-hoc analysis was performed to check if the 
differences in patterns were statistically significant. All statistical operations were 
conducted using Program R (R Core Team 201ͷ).  

ʹǤ͸ǤʹǤ ��������� ������� ������������ ����� ���E�� 

ʹǤ͸ǤʹǤͳǤ ����� ������������ �� ��� ���E�� ����� 

Blue sheep (P��������������) herd in JDNP
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Slope: The effect of slope to snow leopard seems to �e varia�le in different areas. 
This elusive cat was o�served to use all slope categories greater than 20o in 
south-western Mongolia (McCarthy et al. 200ͷ). Wolf and Ale (200ͻ) o�served 
negative relationship �etween num�ers of snow leopard sign encountered and 
slope in Nepal̵s Sagarmatha National Park, indicating the snow leopard̵s less

�)

ʹǤ͸ǤʹǤ͵Ǥ ��������� �� ������������� ��������� ��� ��� ����� 

Based on an e�tensive literature review of the ecology of focal species (the snow 
leopard and �lue sheep in this case), the environmental features that likely constrain 
their geographic distri�ution were selected: elevation, slope, vegetation cover, and 
distance from human settlement.  

a) ���������:  It is one of the determining factors for the distri�ution of the snow
leopard. In the �imalayan region, the species occupied a wider elevation range,
whereas in the higher latitudes in the central Asia region and China, it occupied
narrower elevation range. For e�ample, the snow leopard was found �etween
͵,000 and ͷ,000 m in Nepal̵s Sagarmatha (Mount �verest) National Park (Ale et
al. 200͹)Ǣ ͵,400 and 4,͹00 m in India̵s �emis National Park (Chundawat 1ͻͻ0)Ǣ
and ͵,000 and ͷ,000 in north-eastern and central portions of �indu Kush range
and Pamir valleys of Afghanistan (Adil 1ͻͻ͹). In China̵s Beita Mountain, the snow
leopard was known to prefer the altitude range of 2,000 to 2,200 m and avoid
2,600 to ͵,000 m in Autumn (Feng et al. 2006). In south-western Mongolia, the
snow leopard movements and activities were o�served �etween 1,4ͷ0 and 2,600
m (McCarthy et al. 200ͷ).


enerally, �lue sheep in the �imalayas are known to occupy mountainous 
areas from 2,ͷ00 m to ͷ,ͷ00 m (Schaller 1ͻ͹͹). In Nepalǯs Annapurna Conservation 
Area, �lue sheep were recorded within the altitude range of ͵,20ͻ m and ͷ,4ͻͺ 
(Aryal et al. 2014). In Indiaǯs 
angotri National Park, situated in the western 
�imalaya region, �lue sheep were o�served to use areas within the elevation range 
of ͵,000 Ȃ 4,000 m in all seasons (Bhardwa� et al. 2010). In Bhutanǯs Wangchuck 
Centennial National Park, �lue sheep were recorded �etween 4,000 Ȃ ͷ,000 m 
(Shrestha et al. 2012).  

ʹǤ͸ǤʹǤʹǤ �������� �� ��� ���E�� ����� 

The model was used with different purposes for the two focal species. The aim of the 
distri�ution model for the snow leopard was to spot areas with high likelihood of its 
occurrence, so that these areas could �e selected for placement of camera traps to 
optimi�e capture pro�a�ilities. For the �lue sheep, the model was used to predict its 
distri�utional range in the country.  

�Ȍ D�������������h���������������: �umans are known to affect the distri�ution of
animals. The potential social varia�les that strongly influence snow leopard
distri�ution are the human distur�ance factors, particularly poaching and
retaliatory killing (Jackson Ƭ Wangchuk 2001).

As for the �lue sheep, there is no study on how �lue sheep are situated with 
varying distances from human settlement. �owever, they are known to come 
very close to the settlements, and are seen gra�ing together with the yaks 
(Personal Communication, Leki, Ling�hi Park Range, Jigme Dor�i National Park).  

preference for very steep areas. In contrast, Chundawat (1ͻͻ0) o�served the 
species̵ strong preference for very steep slopes (ε40o) in India̵s �emis National 
Park. Similarly, Jackson (1ͻͻ6) noted from the radio-telemetry study of the snow 
leopard̵s home range, movement, and ha�itat use in Nepal that the cat avoided 
gentle slopes (δ40o) and preferred slopes higher than 40o.

As for the �lue sheep, they were recorded more often in the gentle slopes. For 
instance, in Nepalǯs Annapurna Conservation Area, �lue sheep evidences were 
mostly recorded �etween 16 Ȃ ͵0o slopes in upper Mustang and Manang regions 
(Aryal et al. 2014). Bhardwa� et al. (2010) o�served �lue sheep in areas with 
medium steepness, ranging from ͵1 Ȃ ͷ0o slopes in 
angotri National Park.  

c) ������: Snow leopards are known to select certain aspects. For instance, Jackson
(1ͻͻ6) o�served significant under-utili�ation of the northerly and easterly
aspects (such as north, northwest and northeast) and over-utili�ation of
southerly aspects �y �oth se�es of snow leopards in Nepal.

In �pper Mustang area of Nepal, �lue sheep were recorded in south, north, 
northeast, and west aspects (Chetri Ƭ Pokharel 200ͷ). Bhardwa� et al. (2010) 
recorded �lue sheep speciali�ing in the southerly aspects.  

d) �����������ȋ������������������Ȍ: Among the �iological parameters, vegetation or
land cover types influenced the distri�ution of snow leopards. In Nepal, snow
leopards were o�served to utili�e mi�ed shru�land and tree covers in e�cess of
their availa�ility while significantly under-utili�ing the alpine meadows and
�arren lands (Jackson 1ͻͻ6). During a camera trap survey of snow leopard in
Bhutan̵s Jigme Dor�i National Park, Thinley et al. (2014) recorded 4ͺΨ of snow
leopard images from alpine rocky outcrops, ͵ͷΨ from alpine meadows, and 1͹Ψ
from su�-alpine or scru� forest.
Blue sheep were mostly recorded in the grassland ha�itats of 
angotri National
Park in India (Bhardwa� et al. 2010). Similarly, Shrestha et al. (2012) o�served
�lue sheep mostly occupying the alpine grasslands in Wangchuck Centennial
National Park which is situated in north-central park of Bhutan.
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To make the layers reada�le in Ma��nt, all layers were converted from raster to ASCII 
format. The location files of the target species (snow leopard and �lue sheep) in 
DR�KR�F pro�ection were first e�ported from ArcMap, and were then converted into 
files with comma separated values (.csv) format for reada�ility in Ma��nt.  

ʹǤ͸ǤʹǤͷǤ ����� ���������������� 

The Ma��nt version ͵.͵.͵k was downloaded from its official we�site �elonging to 
Princeton �niversity, �SA:  δhttps:ȀȀwww.cs.princeton.eduȀ̱schapireȀma�entȀε. All 
the re�uisite inputs layers and points were �rought into the model as shown in Figure 
2.ͷ.  

ʹǤ͸ǤʹǤͶǤ D��������� ��� ������� ������ ��� ��� ������������� ��������� 

All spatial layers for the environmental varia�les were prepared within the 
IS 
(
eographic Information System) environment in raster (pi�el) mode, using the 
program Arc
IS. For consistency, all layers were standardi�ed and snapped to the layer 
with coarsest resolutions (i.e., with the smallest cell si�e). The layers were also 
standardi�ed using the same pro�ection (DrukRef in our case), coordinate system, and 
geographic e�tent (that of the potential snow leopard distri�utionǢ Fig. 2.2).   

The elevation layer (Anne�ure � a) for the Ma��nt model was e�tracted �y �oining two 
Digital �levation Model (D�M) layers that encompassed Bhutan and were created �y 
Jarvis et al. (2006). The slope layer (Anne�ure � �) was e�tracted from the D�M using 
the �������� function of the �������� ��������� ���� in Arc
IS. Likewise, the aspect layer 
(Anne�ure � c) was also derived from the D�M. The vegetation layer (Anne�ure � d) 
was sourced from the Land use Map of Bhutan 2010 prepared �y the Policy and 
Planning Division of the Ministry of Agriculture and Forests. The layer depicting 
distance from human settlement (Anne�ure � e) was prepared �y first clipping the 
settlement map of Bhutan 2006 (prepared from the Population and �ousing Census of 
2006) to the study area and rasteri�ing it using the �ucledian distance function in 
Arc
IS. As social factors such as hunting and retaliatory killing do not easily lend 
themselves to spatial geo-referencing, partly due to lack of ade�uate spatial points and 
data, they could only �e factored into the model as (�ucledian) distances from human 
settlements. Finally, the �lue sheep density layer (relevant only for the snow leopard 
distri�ution modelling) was created from the map of �lue sheep distri�ution using 
density function in Arc
IS. 

f) D������������ ��� ����: This is relevant only for the snow leopard. Prey (inclusive of
livestock) and their distri�ution is yet another important �iological parameter that
strongly determines any predator distri�ution. Prey density estimates are found to
�e strongly correlated with tiger density estimates in India (Karanth Ƭ Stith 1ͻͻͻǢ
Karanth et al. 2004).

	����� ʹǤͷǣ Reading the environmental varia�les and snow leopard location points 
in the Ma��nt model.  

ʹǤ͸ǤʹǤ͸Ǥ A�������� ����� ����������� 

The model performance was assessed using the area under the receiver-operating 
characteristics (ROC) curve (Area �nder the Curve: A�C). The ROC plot is �asically a 
plot of sensitivity values (true positive fraction) against 1 Ȃ specificity values (false 
positive fraction). The A�C values range from 0.ͷ to 1.0. �alues closer to or e�ual to 0.ͷ 
indicate very poor fit while those closer to or e�ual to 1 indicate perfect fit (Fielding Ƭ 
Bell 1ͻͻ͹). The modelǯs in-�uilt feature was ena�led to �ackknife the data for evaluating 
each environmental varia�leǯs influence on the predicted distri�utions of snow leopard 
and �lue sheep, and to compute percent contri�ution of the varia�les to the model gains.  

The programǯs default settings of ͷ000 iterations with convergence threshold of 
0.00001, regulari�ation multiplier of 1, prevalence of 0.ͷ, and ma�imum num�er of 
�ackground points as 10,000 were used. The random test percentage was set at 2ͷ 
(meaning 2ͷΨ of the location points were set aside for testing) with 1ͷ replicates. The 
output format was set as logistic with ASCII file type which can �e imported into Arc
IS 
for �etter visuali�ation.  
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C�A�TE� ͵ǣ �E���T� AND DI�C���ION� 

͵ǤͳǤ D�������� �� ���� ������� ��� ���� ����� ����� 

A total of ͵4ͷ snow leopard signs were encountered throughout its entire range in 
Bhutan. The signs were dominated �y scats (n α 24͵) �y huge margin, as compared to 
6͵ tracks, ͵ͷ scrapes, ͵ sightings, and only 1 scent mark (Fig. ͵.1).  
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	����� ͵Ǥͳǣ Locations of snow leopard signs in the range areas in Bhutan o�tained 
during the Phase I of the National Snow Leopard Survey.  

Ma�ority of the signs (n α 22ͷ) were encountered in JDNP, followed �y WCNP (n α ͷ1), 
and PTFD (n α 4ͷ). Least num�er of signs were found in JKSNR (n α ͻ), while only 1ͷ 
were found in BWS (Fig. ͵.2). All sightings were recorded from WCNP.  

The snow leopard signs were distri�uted differently in each range area (Fig. ͵.͵). Within 
JDNP, the signs locations were mostly gathered from Soe Park Range and Ling�hi Park 
Range, and only a few were collected from Ramina Park Range and Lunana Park Range. 
Compared to the latter two Park Ranges, the num�er of signs collected from Laya was 
higher, indicating decreasing trend in distri�ution from west to east in the park. 
Likewise, in WCNP the snow leopard signs were concentrated in the Western and 
Central Park Range while the �astern Park Range had comparatively lesser num�er of 
signs. In contrast, the Paro Territorial Forest Division (PTFD) showed snow leopard 
signs in the northern portions of �oth �aa Range and Paro Range, whereas JKSNR 
showed snow leopard distri�ution outside of its �urisdictional �oundary, way into the 
PTFDǯs �aa Range. This was �ecause the JKSNR team covered some of the survey grids 
assigned to PTFD for ease of logistics arrangement.  



19

C�A�TE� ͵ǣ �E���T� AND DI�C���ION� 

͵ǤͳǤ D�������� �� ���� ������� ��� ���� ����� ����� 

A total of ͵4ͷ snow leopard signs were encountered throughout its entire range in 
Bhutan. The signs were dominated �y scats (n α 24͵) �y huge margin, as compared to 
6͵ tracks, ͵ͷ scrapes, ͵ sightings, and only 1 scent mark (Fig. ͵.1).  

18.3

0.9

10.1

0.3

70.4

0

10

20

30

40

50

60

70

80

Track Sighting Scrape Scent mark Scat

Pe
rc
en

ta
ge

���� ������� �����

	����� ͵Ǥͳǣ Locations of snow leopard signs in the range areas in Bhutan o�tained 
during the Phase I of the National Snow Leopard Survey.  

Ma�ority of the signs (n α 22ͷ) were encountered in JDNP, followed �y WCNP (n α ͷ1), 
and PTFD (n α 4ͷ). Least num�er of signs were found in JKSNR (n α ͻ), while only 1ͷ 
were found in BWS (Fig. ͵.2). All sightings were recorded from WCNP.  

The snow leopard signs were distri�uted differently in each range area (Fig. ͵.͵). Within 
JDNP, the signs locations were mostly gathered from Soe Park Range and Ling�hi Park 
Range, and only a few were collected from Ramina Park Range and Lunana Park Range. 
Compared to the latter two Park Ranges, the num�er of signs collected from Laya was 
higher, indicating decreasing trend in distri�ution from west to east in the park. 
Likewise, in WCNP the snow leopard signs were concentrated in the Western and 
Central Park Range while the �astern Park Range had comparatively lesser num�er of 
signs. In contrast, the Paro Territorial Forest Division (PTFD) showed snow leopard 
signs in the northern portions of �oth �aa Range and Paro Range, whereas JKSNR 
showed snow leopard distri�ution outside of its �urisdictional �oundary, way into the 
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assigned to PTFD for ease of logistics arrangement.  
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As e�pected, only Dung�am Park Range and Khoma Park Range of BWS showed 
evidences of snow leopard presence, and there was none from SWS.  

JKSNR PTFD JDNP WCNP BWS

Track 4 17 18 20 4

Sighting 0 0 0 3 0

Scrape 3 1 24 7 0

Scent mark 0 0 1 0 0

Scat 2 27 182 21 11
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	����� ͵Ǥʹǣ The fre�uency of snow leopard signs encountered in each range area in 
Bhutan. 

The pattern of �lue sheep sign distri�ution is almost similar to that of the 
snow leopard sign distri�ution (Fig. ͵.4). �ere too, no evidences of �lue sheep were 
recorded from SWS. 

In comparison to the snow leopard signs, 426 �lue sheep signs were recorded: ͷ tracksǢ 
16ͻ sightings (indicating 16ͻ different groups sighted)Ǣ 24͵ droppings (or pellet 
groups)Ǣ and ͻ carcasses (Fig. ͵.ͷ). As it was in the case of the snow leopard signs, 
ma�ority of the �lue sheep signs were recorded from JDNP again (n α 22ͺ), followed �y 
WCNP (n α 102) and PTFD (n α ͷ2). Least fre�uency of evidences was gathered from 
BWS which had only 1ͷ sign locations. JKSNR showed 2ͻ evidences, despite its �eing 
smaller than BWS (Fig. ͵.ͷ).  

	����� ͵Ǥ͵ǣ Locations of snow leopard signs in the range areas in Bhutan, o�tained 
during the Phase I of the National Snow Leopard Survey.  

	����� ͵ǤͶǣ Location of �lue sheep signs in Bhutan, o�tained during the Phase I of the 
National Snow Leopard Survey.  
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	����� ͵Ǥʹǣ The fre�uency of snow leopard signs encountered in each range area in 
Bhutan. 

The pattern of �lue sheep sign distri�ution is almost similar to that of the 
snow leopard sign distri�ution (Fig. ͵.4). �ere too, no evidences of �lue sheep were 
recorded from SWS. 

In comparison to the snow leopard signs, 426 �lue sheep signs were recorded: ͷ tracksǢ 
16ͻ sightings (indicating 16ͻ different groups sighted)Ǣ 24͵ droppings (or pellet 
groups)Ǣ and ͻ carcasses (Fig. ͵.ͷ). As it was in the case of the snow leopard signs, 
ma�ority of the �lue sheep signs were recorded from JDNP again (n α 22ͺ), followed �y 
WCNP (n α 102) and PTFD (n α ͷ2). Least fre�uency of evidences was gathered from 
BWS which had only 1ͷ sign locations. JKSNR showed 2ͻ evidences, despite its �eing 
smaller than BWS (Fig. ͵.ͷ).  

	����� ͵Ǥ͵ǣ Locations of snow leopard signs in the range areas in Bhutan, o�tained 
during the Phase I of the National Snow Leopard Survey.  

	����� ͵ǤͶǣ Location of �lue sheep signs in Bhutan, o�tained during the Phase I of the 
National Snow Leopard Survey.  
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	����� ͵Ǥͷǣ The fre�uency of �lue sheep signs encountered in each range area in Bhutan. 

͵ǤʹǤ ������� ����������� �� ���� ������� 

In the entire distri�utional range in Bhutan, ma�ority of the snow leopard signs (ͷ6ΨǢ n 
α 1ͻ4) were found in alpine meadow (Fig. ͵.6). Ne�t to alpine meadow, 2ͷΨ of the signs 
were o�served in alpine scree, and 12Ψ in scru� forest. Signs were encountered 
sparingly in rocky outcrop and fir forest with only ͵Ψ and 4Ψ respectively. 

This result differs from the one o�tained �y Thinley et al. (2014) in JDNP during a 
camera trap survey of snow leopards in which 4ͺΨ of the images were captured from 
rocky outcrop, ͵ͺΨ from alpine meadow, and 1͹Ψ from scru� forest.  
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	����� ͵Ǥ͸ǣ The percentage of snow leopard signs o�served in different land cover 
types in Bhutan.   

Among the signs encountered in alpine meadow, 142 were scats, 22 were scrapes, 2ͻ 
were tracks, and 1 was sighting (Ta�le ͵.1). Scat was the most encountered sign in the 
alpine scree, and it was the only sign o�served in rocky outcrop. 

T���� ͵Ǥͳǣ Fre�uency of snow leopard signs o�served in different land cover types in 
Bhutan. 
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Track 2ͻ 2͹ ͷ 0 2 ͸͵ 
Sighting 1 2 0 0 0 ͵ 
Scrape 22 ͻ 1 0 ͵ ͵ͷ 
Scent mark 0 1 0 0 0 ͳ 
Scat 142 46 ͹ 12 ͵6 ʹͶ͵ 
T���� ͳͻͶ ͺͷ ͳ͵ ͳʹ Ͷͳ ͵Ͷͷ 

By aspect, the fre�uency of snow leopard signs was the highest in the southeast aspect 
(n α ͹6), followed �y northeast aspect (n α ͹4Ǣ Fig. ͵.͹). Least fre�uency of signs were 
o�served in west (n α 24) and east (n α ͵0) aspects. Northwest and southwest aspects 
had somewhat same fre�uency of evidences. There was significant difference in the sign 
fre�uency among different aspects (Kruskal-Wallis chi-s�uared α 1ͻ.ͺ2͵ͺ, df α ͹, p δ 
0.0ͷ), �ut post hoc analysis showed no significant difference �etween any pair of 
aspects.
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This result differs from the one o�tained �y Thinley et al. (2014) in JDNP during a 
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Among the signs encountered in alpine meadow, 142 were scats, 22 were scrapes, 2ͻ 
were tracks, and 1 was sighting (Ta�le ͵.1). Scat was the most encountered sign in the 
alpine scree, and it was the only sign o�served in rocky outcrop. 
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By aspect, the fre�uency of snow leopard signs was the highest in the southeast aspect 
(n α ͹6), followed �y northeast aspect (n α ͹4Ǣ Fig. ͵.͹). Least fre�uency of signs were 
o�served in west (n α 24) and east (n α ͵0) aspects. Northwest and southwest aspects 
had somewhat same fre�uency of evidences. There was significant difference in the sign 
fre�uency among different aspects (Kruskal-Wallis chi-s�uared α 1ͻ.ͺ2͵ͺ, df α ͹, p δ 
0.0ͷ), �ut post hoc analysis showed no significant difference �etween any pair of 
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	����� ͵Ǥ͹ǣ The fre�uency of snow leopard signs encountered in different aspects in the 
snow leopard range areas of Bhutan.   

The snow leopard signs occurred �etween the slope range of 0o to ͺ0o (Fig. ͵.ͺ)Ǣ 
however, most of the evidences were gathered from slopes ranging from 11o to ͷ0o with 
the highest num�er occurring within the slope class ͵1o to 40o (n α ͷ͵) followed �y 21o 
to ͵0o (n α ͷ0) and 41o to ͷ0o (n α 4ͺ). The slope classes a�ove ͷ0o showed decreasing 
trend in the sign fre�uencies. This generally indicates snow leopards preference for 
gentle slopes to moderately steep areas.   

With regards to elevation range, the snow leopard signs were found �etween ͵,404 m 
and ͷ,1ͺ6 m. Ma�ority of the signs were encountered within the elevation range of 4,000 
m to 4, ͻ00 meters (Fig. ͵.ͻ). �ighest num�er of evidences was gathered from the 
elevation class 4,͵00 m to 4,600 m (n α 114), while the lowest num�er was collected 
from the elevation class ͵,400 m to ͵,͹00 m (n α ͺ).  
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	����� ͵Ǥͺ: The fre�uency of snow leopard signs encountered in different slope classes 
in the snow leopard range areas of Bhutan.   
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25

7
5

10

6

10 9
7

9

1 0 0 1 0 0 1 0

6 5

1

4 5 6
4 4

16
14

30

18

59

19

64

23

0

10

20

30

40

50

60

70

E W N NW SE SW

F
re

qu
en

cy

S� NE

Aspects (cardinal directions)

Track

Sighting

Scrape

Scent mark

Scat

	����� ͵Ǥ͹ǣ The fre�uency of snow leopard signs encountered in different aspects in the 
snow leopard range areas of Bhutan.   

The snow leopard signs occurred �etween the slope range of 0o to ͺ0o (Fig. ͵.ͺ)Ǣ 
however, most of the evidences were gathered from slopes ranging from 11o to ͷ0o with 
the highest num�er occurring within the slope class ͵1o to 40o (n α ͷ͵) followed �y 21o 
to ͵0o (n α ͷ0) and 41o to ͷ0o (n α 4ͺ). The slope classes a�ove ͷ0o showed decreasing 
trend in the sign fre�uencies. This generally indicates snow leopards preference for 
gentle slopes to moderately steep areas.   

With regards to elevation range, the snow leopard signs were found �etween ͵,404 m 
and ͷ,1ͺ6 m. Ma�ority of the signs were encountered within the elevation range of 4,000 
m to 4, ͻ00 meters (Fig. ͵.ͻ). �ighest num�er of evidences was gathered from the 
elevation class 4,͵00 m to 4,600 m (n α 114), while the lowest num�er was collected 
from the elevation class ͵,400 m to ͵,͹00 m (n α ͺ).  
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	����� ͵Ǥͻǣ The fre�uency of snow leopard signs encountered in different elevation 
classes in the snow leopard range areas of Bhutan.   
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͵Ǥ͵Ǥ ������� ����������� �� ���� ����� 

More than three-�uarter of the �lue sheep signs were found in alpine meadow, 
indicating its preference for such ha�itat type (Fig. ͵.10). Only 12Ψ of the signs were 
spotted in alpine scree, �ut readers are cautioned with this result. Blue sheep are known 
to escape to screes and rocky cliffs when threatened �y a predator (Schaller 1ͻ͹͵). They 
also retire to screes in the night. Such a small percentage in alpine scree may �e �ecause 
the surveys were conducted only during the day time. If surveys were done in the night, 
reverse scenario would have �een o�tained, �ecause �lue sheep do not forage in the 
night, and hence they may not �e seen in the meadows. Blue sheep were also not seen 
much in the scru� forest, as indicated �y a mere ͹Ψ of the signs encountered. 
��pectedly, �lue sheep signs were scantily seen in fir forest too. They seldom venture 
into the tree line which seems to �e their lowest distri�utional limit in the Bhutanese 
trans-�imalaya.   

Statistically, there is a significant difference in �lue sheepǯs utili�ation of different land
cover types (Kruskal-Wallis chi-s�uared α ͵6.͹164, df α ͵, p δ 0.0ͷ), particularly 
�etween alpine meadow and alpine scree, and �etween alpine scree and scru� forest. 
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	����� ͵ǤͳͲǣ The percentage of �lue sheep signs o�served in different land cover 
types in Bhutan.   

Blue sheep were seen in all the aspects (Fig. ͵.11), �ut they seemed to favour northeast 
aspect where the highest num�er of signs was o�served (n α ͻ6). They were seen 
almost e�ually in southwest and north aspects with 66 and 6ͺ signs respectively. 
Similarly, e�ual num�er of signs (n α 4͵) were o�served in east and south aspects, and 
slightly lower num�ers were o�served in southeast (n α 41) and northwest (n α ͵ͻ) 
aspects. The lowest num�er of signs (n α ͵0) were o�served in west aspect. �owever, 
there was no statistically significant difference in the utili�ation of different aspects 
(Kruskal-Wallis chi-s�uared α ͹.͹1ͺ1, df α ͹, p α 0.͵ͷͺ1). 
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	����� ͵Ǥͳͳǣ The fre�uency of �lue sheep signs encountered in different aspects in 
Bhutan.  

As in the case of snow leopard, �lue sheep signs were o�served �etween 0o to ͺ0o slopes 
(Fig. ͵.12) with vast ma�ority of the signs occurring �etween 0o to ͵0o. Fair num�er of 
signs was also o�served �etween ͵1o to ͷ0o a�ove which the sign fre�uency steadily 
decreased, indicating the �lue sheepǯs less preference for steep areas.    
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much in the scru� forest, as indicated �y a mere ͹Ψ of the signs encountered. 
��pectedly, �lue sheep signs were scantily seen in fir forest too. They seldom venture 
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Blue sheep were seen in all the aspects (Fig. ͵.11), �ut they seemed to favour northeast 
aspect where the highest num�er of signs was o�served (n α ͻ6). They were seen 
almost e�ually in southwest and north aspects with 66 and 6ͺ signs respectively. 
Similarly, e�ual num�er of signs (n α 4͵) were o�served in east and south aspects, and 
slightly lower num�ers were o�served in southeast (n α 41) and northwest (n α ͵ͻ) 
aspects. The lowest num�er of signs (n α ͵0) were o�served in west aspect. �owever, 
there was no statistically significant difference in the utili�ation of different aspects 
(Kruskal-Wallis chi-s�uared α ͹.͹1ͺ1, df α ͹, p α 0.͵ͷͺ1). 
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	����� ͵Ǥͳͳǣ The fre�uency of �lue sheep signs encountered in different aspects in 
Bhutan.  

As in the case of snow leopard, �lue sheep signs were o�served �etween 0o to ͺ0o slopes 
(Fig. ͵.12) with vast ma�ority of the signs occurring �etween 0o to ͵0o. Fair num�er of 
signs was also o�served �etween ͵1o to ͷ0o a�ove which the sign fre�uency steadily 
decreased, indicating the �lue sheepǯs less preference for steep areas.    
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	����� ͵Ǥͳʹǣ The fre�uency of �lue sheep signs encountered in different slope classes in 
Bhutan.   

�levation wise, �lue sheep signs were o�served �etween ͵,ͷ2ͺ m and ͷ,20ͻ m. They 
hardly came down to areas �elow ͵,͹00 m, as shown �y mere si� signs seen in the 
elevation class ͵,400 m Ȃ ͵,͹00 m (Fig. ͵.1͵). Ma�ority of the signs were o�served 
�etween 4000 m and 4,ͻ00 m. Blue sheep went up to areas a�ove 4,ͻ00 m also, as 
indicated �y  ͵2 signs o�served in the elevation class 4,ͻ00 m Ȃ ͷ,210 m.  
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	����� ͵Ǥͳ͵ǣ The fre�uency of �lue sheep signs encountered in different elevation 
classes in Bhutan.   

͵ǤͶǤ D����������� �� ���� ������� 

͵ǤͶǤͳǤ ���E�� ����� ������ 

Snow leopard distri�ution (Fig. ͵.14), resulting from Ma��nt modelling, showed high 
pro�a�ility of occurrence (as indicated �y red colour in the map which could also mean 
high suita�ility for snow leopard) in central part of JKSNR, northern part of PTFD, 
northern and western parts of JDNP (particularly Soe, Ling�hi, and Laya Range), 
Western and Central Range of WCNP, and northern part of BWSǯs Dung�am Range. 
Coincidentally, these areas were also marked as high density �lue sheep areas 
(Anne�ure � f), indicating that the snow leopard distri�ution was most influenced �y 
the prey density layer among the si� environmental layers used in the Ma��nt model.   

SWS showed moderately low pro�a�ility of occurrence, mainly �ecause of the a�sence 
of �lue sheep there. �owever, if �lue sheep were introduced in the sanctuary the 
pro�a�ility could go up.  

The snow leopard distri�ution map shows a clear declining pro�a�ility of occurrence 
from west to east part of the country. Similar pattern was also o�served �y a researcher 
(Personal Communication, Mr. Tshewang R. Wangchuk, Bhutan Foundation) during his 
non-invasive genetic sampling of snow leopard populations.  
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	����� ͵Ǥͳʹǣ The fre�uency of �lue sheep signs encountered in different slope classes in 
Bhutan.   

�levation wise, �lue sheep signs were o�served �etween ͵,ͷ2ͺ m and ͷ,20ͻ m. They 
hardly came down to areas �elow ͵,͹00 m, as shown �y mere si� signs seen in the 
elevation class ͵,400 m Ȃ ͵,͹00 m (Fig. ͵.1͵). Ma�ority of the signs were o�served 
�etween 4000 m and 4,ͻ00 m. Blue sheep went up to areas a�ove 4,ͻ00 m also, as 
indicated �y  ͵2 signs o�served in the elevation class 4,ͻ00 m Ȃ ͷ,210 m.  
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	����� ͵Ǥͳ͵ǣ The fre�uency of �lue sheep signs encountered in different elevation 
classes in Bhutan.   

͵ǤͶǤ D����������� �� ���� ������� 

͵ǤͶǤͳǤ ���E�� ����� ������ 

Snow leopard distri�ution (Fig. ͵.14), resulting from Ma��nt modelling, showed high 
pro�a�ility of occurrence (as indicated �y red colour in the map which could also mean 
high suita�ility for snow leopard) in central part of JKSNR, northern part of PTFD, 
northern and western parts of JDNP (particularly Soe, Ling�hi, and Laya Range), 
Western and Central Range of WCNP, and northern part of BWSǯs Dung�am Range. 
Coincidentally, these areas were also marked as high density �lue sheep areas 
(Anne�ure � f), indicating that the snow leopard distri�ution was most influenced �y 
the prey density layer among the si� environmental layers used in the Ma��nt model.   

SWS showed moderately low pro�a�ility of occurrence, mainly �ecause of the a�sence 
of �lue sheep there. �owever, if �lue sheep were introduced in the sanctuary the 
pro�a�ility could go up.  

The snow leopard distri�ution map shows a clear declining pro�a�ility of occurrence 
from west to east part of the country. Similar pattern was also o�served �y a researcher 
(Personal Communication, Mr. Tshewang R. Wangchuk, Bhutan Foundation) during his 
non-invasive genetic sampling of snow leopard populations.  
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In order to ma�imi�e the detection pro�a�ility of snow leopards on the detectors during 
camera trap survey in the Phase II of the NSLSB, the field surveyors could station their 
cameras on areas corresponding to very high pro�a�ility (red) and moderately high 
pro�a�ility (yellowish green) areas on the map.  

͵ǤͶǤʹǤ C������������ �� ��� ������������� ��������� �� ��� ����� 

Strong influence of prey distri�ution on snow leopard distri�ution was also 
corro�orated �y the varia�le contri�ution ta�le (Ta�le ͵.2), which showed that the 
varia�le Ǯ�lue sheep densityǯ contri�uted 6͵.͹Ψ to the model. The ne�t highest 
contri�ution of 1͵.ͻΨ was made �y the varia�le Ǯdistance from human settlementǯ, �ut 
this percentage was not large enough to reasona�ly conclude that the varia�le had 
considera�le effect on the model. Moreover, areas with high pro�a�ility of snow leopard 
occurrence were situated far away from human settlements. In contrast to normal 
e�pectations, the Ǯland cover typeǯ contri�uted the least (2.ͻΨ) to the model. Among the 
geophysical varia�les, slope had the highest influence on the model with ͺ.ͺΨ 
contri�ution.  

T���� ͵Ǥʹǣ �stimates of relative contri�utions of the environmental varia�les to the 
Ma��nt model of snow leopard distri�ution in Bhutan. 

�ven the �ackknife test revealed the highest contri�ution of the Ǯ�lue sheep densityǯ 
varia�le. The �ackknife plot of regulari�ed training gain for snow leopard distri�ution 
(Fig. ͵.1ͷ) showed that if Ǯ�lue sheep densityǯ varia�le was used, it would have allowed 
a reasona�le good fit to the training data, whereas the varia�les such as Ǯaspectǯ and 
Ǯslopeǯ �y themselves would not have contri�uted much for estimating the distri�ution 
of snow leopard.  

�������� ������� ������������ 
6͵.͹ 
1͵.ͻ 
ͺ.ͺ 
ͷ.ͷ 
ͷ.4 

Blue sheep density 
Distance from human 
settlement Slope 
Aspect 
�levation 
Land cover type 2.ͻ 
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(Fig. ͵.1ͷ) showed that if Ǯ�lue sheep densityǯ varia�le was used, it would have allowed 
a reasona�le good fit to the training data, whereas the varia�les such as Ǯaspectǯ and 
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	����� ͵Ǥͳͷǣ Results of the �ackknife test of varia�le importance using 2ͷΨ training 
data. The Ǯ�lue̴sheepǯ refers to density of �lue sheep, Ǯha�itatǯ refers to land cover type 
and Ǯsettlementǯ refers to distance from human settlement.   

The A�C plot on test data (Fig. ͵.16) also showed that the Ǯ�lue sheep densityǯ is the 
single most effective varia�le for predicting the occurrence of snow leopard. None of the 
varia�le showed light �lue �ars that are longer than the red �ar, which indicated that 
their use in the model would not have reduced the modelǯs predictive performance.  

	����� ͵Ǥͳ͸ǣ Results of the �ackknife test of varia�le importance using A�C on test data. 
The Ǯ�lue̴sheepǯ refers to density of �lue sheep, Ǯha�itatǯ refers to land cover type and 
Ǯsettlementǯ refers to distance from human settlement.   

͵ǤͶǤ͵Ǥ ����� ����������� 

The Ma��nt model performed well on the snow leopard occurrence data and 
appropriately predicted the distri�ution of snow leopards, as indicated �y the mean 
A�C curve of 0.ͺ26 (Fig. ͵.1͹) which means that ͺ2.6Ψ of the time a random selection 
from the positive group will have a score greater than a random selection from the 
negative class (Fielding Ƭ Bell 1ͻͻ͹). 
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	����� ͵Ǥͳ͹ǣ The Receiver Operating (ROC) curve for snow leopard sign locations 
showing area under the curve (A�C) averaged for all 12 replicates.  

͵ǤͷǤ D����������� �� ���� ����� 

͵ǤͷǤͳǤ ���E�� ����� ������ 

Judging from the locations of signs (Fig. ͵.͵) and the Ma��nt model output (Fig. ͵.1ͺ), 
the highest pro�a�ility of �lue sheep occurrence were found in most of JDNP, northern 
part of PTFD, central part of JKSNR, lower half of WCNP, and upper right portion of 
BWS. The model output showed moderately and highly pro�a�le areas even in some 
parts of SWS, although no evidences were found there. This indicates that �lue sheep 
could �e reintroduced in the sanctuary in the near future. Overall, the pattern and 
e�tent of pro�a�le �lue sheep distri�ution looks very promising with many areas of 
moderately and very high pro�a�le areas of occurrence from north-western to north-
eastern stretch of the country.  
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.  ͵ǤͷǤʹǤ C������������ �� ��� ������������� ��������� 

ǮLand cover typeǯ contri�uted the most (͵2.͵Ψ) to the Ma��nt model of �lue sheep 
distri�ution in Bhutan (Ta�le ͵.͵). Trailing the Ǯland cover typeǯ were Ǯelevationǯ and 
Ǯslopeǯ varia�les, which contri�uted 24.6Ψ and 2͵Ψ to the model.  ǮAspectǯ and Ǯdistance 
from settlementǯ varia�les contri�uted almost e�ually, with 10.ͷΨ and ͻ.6Ψ, �ut they 
were the least contri�utors.  In the case of �lue sheep too, the highly pro�a�le areas of 
occurrence were situated far away from human settlements.  

T���� ͵Ǥ͵ǣ �stimates of relative contri�utions of the environmental varia�les to the 
Ma��nt model of �lue sheep distri�ution in Bhutan. 

The Ǯland cover typeǯ (shown as ha�itat in Fig. ͵.1ͻ) had the highest gain when used 
singly in the modelǢ thus, it appeared to have the most useful information �y itself. In 
contrast, slope was the varia�le that decreased the model gain the most when omitted 
from the model. It, therefore, appeared to have the most information that was not 
present in other varia�les.  

	����� ͵Ǥͳͻǣ Results of the �ackknife test of varia�le importance using 2ͷΨ training 
data. The Ǯha�itatǯ refers to land cover type and Ǯsettlementǯ refers to distance from 
human settlement.   

�ven the results of the �ackknife test on model gain using test data (Fig. ͵.20) showed 
similar results, e�cept that the light �lue �ar of the ǲdistance from settlementǯ varia�le 
was longer than the red �ar, indicating that the modelǯs predictive performance would 
improve if it is omitted.  

�������� ������� ������������ 
͵2.͵ 
24.6 
2͵ 
10.ͷ 

Land cover type 
�levation 
Slope 
Aspect 
Distance from settlement ͻ.6 
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͵ǤͷǤʹǤ C������������ �� ��� ������������� ��������� 

ǮLand cover typeǯ contri�uted the most (͵2.͵Ψ) to the Ma��nt model of �lue sheep 
distri�ution in Bhutan (Ta�le ͵.͵). Trailing the Ǯland cover typeǯ were Ǯelevationǯ and 
Ǯslopeǯ varia�les, which contri�uted 24.6Ψ and 2͵Ψ to the model.  ǮAspectǯ and Ǯdistance 
from settlementǯ varia�les contri�uted almost e�ually, with 10.ͷΨ and ͻ.6Ψ, �ut they 
were the least contri�utors.  In the case of �lue sheep too, the highly pro�a�le areas of 
occurrence were situated far away from human settlements.  

T���� ͵Ǥ͵ǣ �stimates of relative contri�utions of the environmental varia�les to the 
Ma��nt model of �lue sheep distri�ution in Bhutan. 

The Ǯland cover typeǯ (shown as ha�itat in Fig. ͵.1ͻ) had the highest gain when used 
singly in the modelǢ thus, it appeared to have the most useful information �y itself. In 
contrast, slope was the varia�le that decreased the model gain the most when omitted 
from the model. It, therefore, appeared to have the most information that was not 
present in other varia�les.  

	����� ͵Ǥͳͻǣ Results of the �ackknife test of varia�le importance using 2ͷΨ training 
data. The Ǯha�itatǯ refers to land cover type and Ǯsettlementǯ refers to distance from 
human settlement.   

�ven the results of the �ackknife test on model gain using test data (Fig. ͵.20) showed 
similar results, e�cept that the light �lue �ar of the ǲdistance from settlementǯ varia�le 
was longer than the red �ar, indicating that the modelǯs predictive performance would 
improve if it is omitted.  

�������� ������� ������������ 
͵2.͵ 
24.6 
2͵ 
10.ͷ 

Land cover type 
�levation 
Slope 
Aspect 
Distance from settlement ͻ.6 



36

	����� ͵ǤʹͲǣ Results of the �ackknife test of varia�le importance using test data. The 
Ǯha�itatǯ refers to land cover type and Ǯsettlementǯ refers to distance from human 
settlement.   

Finally, the �ackknife test using A�C on test data (Fig. ͵.21) showed that the Ǯslopeǯ was 
the most effective single varia�le for predicting the distri�ution of �lue sheep 
occurrence data that was set aside for testing, even though it was sparingly used in the 
model when all varia�les were considered. Ne�t to the Ǯslopeǯ varia�le was the Ǯland 
cover typeǯ varia�le which showed effectiveness in model prediction when used alone. 
This is plausi�le, �ecause �lue sheep are her�ivores, and they would always follow 
optimal foraging areas with lush cover of grasses.  

	����� ͵Ǥʹͳǣ Results of the �ackknife test of varia�le importance using A�C on test data. 
The Ǯha�itatǯ refers to land cover type and Ǯsettlementǯ refers to distance from human 
settlement.   

͵ǤͷǤ͵Ǥ ����� ����������� 

The Ma��nt model for �lue sheep distri�ution performed well to relia�ly pro�ect the 
pro�a�le areas of occurrence, as proven �y the mean A�C curve of 0.͹61 (Fig. ͵.22) . 
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	����� ͵Ǥʹʹǣ The Receiver Operating (ROC) curve for �lue sheep sign locations 
showing area under the curve (A�C) averaged for all 12 replicates.  

͵Ǥ͸ T������ �� ���� ������� ��� ���� ����� ����� �� ��� ��������� 

The field surveyors noted some of the key threats to snow leopard and �lue sheep: 

a) Stray dogs were o�served killing �lue sheep (particularly in JDNP and JKSNR) and
thus, potentially competing with snow leopard and also increasing the risk of
disease transmission.

�) �vidences of retaliatory killing of snow leopards �y the local communities were
recorded from JDNP.

c) Poaching of �lue sheep �y cordyceps collectors and armed forces were
documented in some of the protected areas.

d) Cordyceps collectors caused distur�ances to snow leopard and �lue sheep ha�itats.
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C�A�TE� Ͷǣ CONC���ION AND �ECO��ENDATION� 

ͶǤͳǤ ������� �� ��� ��� �������� 

Bhutan appears to have vast swathe of suita�le areas with high pro�a�ility of 
occurrence for snow leopard and �lue sheep, �ased on the findings of the sign surveys 
for �oth these predator and prey. The snow leopard distri�ution is largely dependent 
upon the density and distri�ution of �lue sheep, underscoring the need to preserve a 
good stock of this important prey species for longevity of the endangered predator. The 
�lue sheep distri�ution on the other hand is heavily influenced �y land cover type, 
especially the alpine meadows, �y virtue of its �eing a her�ivore.  

Among the protected areas, JKSNR, JDNP, WCNP, and BWS are important for snow 
leopard and �lue sheep conservation. Among the areas outside the protected areas, 
particularly the territorial forest division, PTFD is the most important area for the 
conservation of these two species. On account of the presence of large suita�le areas, 
SWS holds potentials for re-introduction of �lue sheep and su�se�uently snow leopard 
in the near future.  

ͶǤʹǤ 	���� ����������� ��� ���������� 

It is essential to understand the challenges faced �y the frontline staff while conducting 
such a survey. Following constraints were faced �y our frontline staff during Bhutan̵s 
first national level sign and prey �ase survey for the snow leopard:  

1. Correct identification of sign was one of the most difficult tasks while in the field
due to short life and �uick deterioration of signs.

2. Thick snow cover impeded the survey team to conduct sign surveys in some areas
which were otherwise ideal for sign survey.

͵. Remote, hostile and rugged terrains in most of the survey areas severely
constrained the surveyors, often threatening their lives.

4. Lack of appropriate and ade�uate field gears and first aid kits limited the
productivity of the survey team mem�ers.

ͶǤ͵Ǥ ���������� ��������������� 

In order to ensure the long-term via�ility of snow leopards and �lue sheep in Bhutan 
and in the region, the following recommendations are offered: 

1) Protect and maintain the alpine meadows using the sound principles of
integrated rangeland management, including proper livestock management.
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2) Maintain ha�itat connectivity �etween the snow leopard and �lue sheep range
areas. Realign the e�isting �iological corridor �etween JKSNR and JDNP to
include potential ha�itats along the northern parts of PTFD.

͵) Su�sume or incorporate some of the potential snow leopard areas into the
e�isting protected areas �oundaries wherever deemed necessary.

4) Periodically monitor snow leopard and �lue sheep populations using the
method in this sign survey which is rapid and less e�pensive.

ͷ) �se the results of the sign survey as inputs to the snow leopard conservation
plan.

6) �ncourage ecological studies on �lue sheep and snow leopard with strong
emphasis

 
on the impacts of anthropogenic activities (such as livestock gra�ing,

medicinal plant collection, and tourism) on their ha�itats.
͹) Study the impact of stray dogs on snow leopard and �lue sheep

populations and devise appropriate mitigation strategies
ͺ) Study the impact of medicinal plants collection on �lue sheep population and

propose relevant interventions
ͻ) Study the e�tent of retaliatory killing of snow leopard �y the local

communities and frame appropriate mitigation measures.
10) Institute regular patrolling and enforcement strategies to prevent poaching

of snow leopard and its prey, including musk deer.
11) 
iven the uncertainty of snow leopard populations in BWS, it is important to

maintain and enhance connectivity �etween �astern Range of WCNP and BWS
via Kurichu.

12) Strengthen the capacity of the frontline staff andȀor surveyors on the survey
methodology, particularly field data collection and the monitoring protocols to
o�tain relia�le data.

1͵) ��uip the frontline staff with ade�uate and appropriate field gears, and
provide first aid kit to ensure staff safety.

14) Initiate a life insurance programme for all staff involved in such surveys for
at least during the survey period.
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2) Maintain ha�itat connectivity �etween the snow leopard and �lue sheep range
areas. Realign the e�isting �iological corridor �etween JKSNR and JDNP to
include potential ha�itats along the northern parts of PTFD.

͵) Su�sume or incorporate some of the potential snow leopard areas into the
e�isting protected areas �oundaries wherever deemed necessary.

4) Periodically monitor snow leopard and �lue sheep populations using the
method in this sign survey which is rapid and less e�pensive.

ͷ) �se the results of the sign survey as inputs to the snow leopard conservation
plan.

6) �ncourage ecological studies on �lue sheep and snow leopard with strong
emphasis

 
on the impacts of anthropogenic activities (such as livestock gra�ing,

medicinal plant collection, and tourism) on their ha�itats.
͹) Study the impact of stray dogs on snow leopard and �lue sheep

populations and devise appropriate mitigation strategies
ͺ) Study the impact of medicinal plants collection on �lue sheep population and

propose relevant interventions
ͻ) Study the e�tent of retaliatory killing of snow leopard �y the local

communities and frame appropriate mitigation measures.
10) Institute regular patrolling and enforcement strategies to prevent poaching

of snow leopard and its prey, including musk deer.
11) 
iven the uncertainty of snow leopard populations in BWS, it is important to

maintain and enhance connectivity �etween �astern Range of WCNP and BWS
via Kurichu.

12) Strengthen the capacity of the frontline staff andȀor surveyors on the survey
methodology, particularly field data collection and the monitoring protocols to
o�tain relia�le data.

1͵) ��uip the frontline staff with ade�uate and appropriate field gears, and
provide first aid kit to ensure staff safety.

14) Initiate a life insurance programme for all staff involved in such surveys for
at least during the survey period.
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C���� ��� ��� ���� ������ ����ǣ 

ͳǤ 
��� ������  Ǧ N����� ���� �������������

ʹǤ �������� Ȃ N��� �� ��� ����

͵Ǥ E�������� ȂT��� ���� A��������Ȁ
�� ȋ�� ������Ȍ

ͶǤ A����� �� ���� Ǧ ������ ��� ��������� �� ��� ���� ���������� ��� ���� ȋ�� �������Ȍ

ͷǤ T��� �� ���� ������� �� ����.

SC  Scrape made �y a Snow leopard. Scrape 
Scratch 
Faeces 
(Scat) Scent 
spray �rine 
Claw rake 
Pugmark

SR Scratch made on tree trunk or �ushes. 
F� Scat or dropping. 
SS Scent mark 
�R �rination mark. 
CL Claw mark made on a tree trunk or rock face. 
P� Footprint impression or track.  

͸Ǥ A�� �� ���� �� ���������� ȋ�� ���� �� ���� �������Ȍ

������ 

�ery old 0 

Old 1 

Fresh 2 

�ery fresh ͵ 

��tensive weathering and disintegration, Scrape features poorly 
defined, often with vegetation growth in the depression and on 
the pile (age α at least ͵ to 6 months)
Moderate Weathering and disintegration, with then scrape   
Showing a rounded form, occasionally with vegetation in the 
depression or on the pile (ageαseveral months or more) 
Slight weathering, Scrape has a well-defined form with ǲSharpǳ 
edges, is easily  recogni�a�le and has no new vegetation growing 
in the scrape depression or pile (age α 1 to 4 weeks) 
Little or no weathering has not occurred, so that the scrapǳhas a 
very sharp and ǲcleanǳ form, is very easily recogni�a�le, and 
has no vegetation in its depression or pile. Sand or gravely 
materials may cover some vegetation, causing it to ǲ�end 
downǳ. Other ephemeral sign such as tracks or urine may �e 
o�served, while scats deposited at the same time are o�viously 
still fresh or very fresh (age α less than 1 week) 

������� 

Old 0 Pugmark is very poorly defined, with an o�viously ǲweatheredǳ 
appearance (more than 2 weeks old) 

Fresh 1 Pugmark has sharply defined edges and shape (several days, 
�ut less than one week old) 

�ery 
fresh 2 Pugmark is very fresh, showing fine surface details and 

having a very sharp edge (made less than 24 hours 
previously).  

Feces 

Old 0 

Fresh 1 

�ery fresh 2 

Scat is mottled and cracked, with a hard, dull surface and dry 
interior (several weeks to several months of age) 
Scat is odoriferous and ǲfresh lookingǳ, with a glossy, sheen 
inside (more than 2 days �ut less than 10 days of age) 
Scat is still wet outside and moist inside (no older than 2 days) 

Scent Sprayed Rock 

None 0 
Slight 1 
Moderate 2 
Strong       ͵ 
�ery strong 4 

No detecta�le odour (more than ͵ months) 
Odour is �ust detecta�le. 
Odour is readily detecta�le. 
Odour is unmistaka�le. 
Odour is very strong (can �e detected from 2ͷcm or more 
awayǢ less than several weeks old) 

C��� �� ���� ���� ȋ������ ���� ����) 

�ery old 0 

Old 1 

Fresh 2 

Bark has fully covered the claw scars, completely healing the 
wound. 
Claw scar present on the �ark �ut the scar has clearly started 
to heal. 
Claw mark still very evident and sap may still �e e�uding from 
the wound, with other sign such as mud on the �ark or 
pugmark near�y. 

͹Ǥ D������� ����������� ������� ȋ����� ������� ����� ���� �������� ��� ����.

Terrain at site is very precipitous (slope more than ͷ0 degree) CLF 
RID 
�IL 
�AL 

Narrow crest of land sloping down on either side. 
Side or slope of a hill. 
�alley floor or ad�acent slope. 

BOW    Bowl-like depression. 

Cliff 
Ridgeline 
�ill-slope 
�alley floor            
Basin or �owl         
Saddle
Pass 
Stream �ed              

SAD 
PAS 
STR 

well defined low spot along a ridgeline. 
Well defined mountain pass.  
Site with seasonal or permanent water flowing drainage 

BO� 
through it. 
Outcropping of large �oulders. Boulder field          

Talus or scree slope          TAL       Accumulation of rocks and pe��les at �ase of steep slope. 

Rock fall or landslide       ROC 
Bluff BL� 

T�R Terrace 

lacier 
LA 

The mass of rocks at the �ase of cliff. 
Steep slope �ordering the stream or river. 
Level raised area �ordering a stream or river. 
Permanent ice field. 
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C���� ��� ��� ���� ������ ����ǣ 
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��� ������  Ǧ N����� ���� �������������
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͵Ǥ E�������� ȂT��� ���� A��������Ȁ
�� ȋ�� ������Ȍ

ͶǤ A����� �� ���� Ǧ ������ ��� ��������� �� ��� ���� ���������� ��� ���� ȋ�� �������Ȍ
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������ 
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͹Ǥ D������� ����������� ������� ȋ����� ������� ����� ���� �������� ��� ����.
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ͺǤ ��������� ���Ǥ

None NON 
Seasonal gra�ing                                S
R 
Year round gra�ing.                     YR
 

Area receives no human use.  
Area gra�ed seasonally �y Livestock.  
Area gra�ed throughout the year �y LȀstock.  

Other type of land use.    OT�          (Descri�e) 

ͻǤ ���� ���� �� ���� ������� ����������.

CLF  Terrain at site is very precipitous (slope more than ͷ0 

BR Terrain is �roken �y cliffs, rocky outcrops, ravines and 

Cliff 
degree) 
Broken  
gullies. 
�ery �roken �BR     

Rolling ROL 

Flat  FLA 

Terrain heavily �roken �y cliffs, rocky outcrops, ravines 
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ͺǤ ��������� ���Ǥ
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A������� Figure IIǣ  Photographs of sign surveys in the snow leopard range areas in Bhutan. 

JKSNR Survey mem�ers �eing de-�riefed �efore commencing field work 

JDNP Survey mem�ers noting field evidences

Survey mem�ers communicating and struggling in the snow and traversing the steep terrains 

Survey mem�ers risking lives crossing fast flowing rivers and �earing the e�treme cold 

Survey mem�ers discussing and preparing areas for survey �efore venturing in the field 
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Survey mem�ers in JKSNR (left) and BWS (right) recording and noting signs and 
PS coordinates 

Survey mem�ers following ridgeline and valley �ottoms in search of signs and evidences 

Team mem�ers identifying snow leopard scat (left) and scrape (right) 

Survey teams from JKSNR (left) and SWS (right) 

JDNP Survey team mem�ers: Lingshi range (left Ƭ right) and 
asa range (middle) 

�aa range survey mem�ers under Paro Territorial Division (left) and WCNP survey mem�ers (right) 
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ting signs and 
PS coordinates 

Survey teams from JKSNR (left) and SWS (right) 

JDNP Survey team mem�ers: Lingshi range (left Ƭ right) and 
asa range (middle) 

�aa range survey mem�ers under Paro Territorial Division (left) and WCNP survey mem�ers (right) 
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A������� Figure IIIǣ  Photographs of snow leopard and �lue sheep signs. 

 Snow leopard pug mark o�served in Lingshi range, JDNP (left) and JKSNR (right) 

Snow leopard scrapes o�served in Lingshi range, JDNP (left) and WCNP
 

 (right) 

Blue sheep hooves mark in snow (left) and sand (right) o�served in JKSNR 

Snow leopard old scat o�served in JKSNR (left) and Lingshi range, JDNP (right) 

Snow leopard fresh scat found in Naro, Lingshi range, JDNP 

Blue sheep droppings o�served in JDNP (left) and JKSNR (right) 
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Blue sheep in JKSNR (top) and JDNP (�ottom) 
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Evidence of domestic yak depredation by predator snow leopard (WCNP) and Himalayan 
marmot sighted in JKSNR 

Adult male blue sheep in JKSNR 
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Near Jomolhari �ase camp, JDNP
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