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Executive Summary 

The worldwide population of waterbirds has declined considerably in last thirty years and 

similarly a decline in the number of natural wetlands has been recorded since 1700 AD. There 

are evidences of range shift and distribution of waterbirds owing to change in temperature, 

breeding cycle, migration timing, and population sizes. In India, wetlands are prone to land-use 

changes, industrial and domestic pollution, habitat encroachments, excessive cattle grazing, 

unregulated tourism, illegal hunting of waterbirds and over-exploitation of natural resources. 

These factors are affecting the population structure of the waterbirds. As population estimation is 

considered as a linchpin tool in conservation biology and environmental quality and may affect 

the equilibrium of wildlife population size. Similarly, in terms of anthropogenic pressure there is 

a huge impact on populations and habitat quality due to easy and increased access to remote 

ecologically sensitive areas. Species’ protection requires understanding the nature and pattern of 

human disturbance. Legal protection can provide a better survival rate of a species in its 

particular habitat.  

Tourism has evolved as an alternative livelihood for the local people and has reduced their 

direct dependencies on natural resources and perhaps indirectly contributed towards nature 

conservation. However, unregulated tourism activities have led to degradation of natural systems 

and increased the ecological vulnerabilities of local communities. Often, tourism and other 

developmental activities related disturbances collide with the peak season for several biological 

processes and affect the ability of natural system to revive and restore itself. In case of 

waterbirds these disturbance affect the breeding success. Other than anthropogenic activities, 

domestic dogs, apparently the most abundant carnivores in the world, pose a major threat to local 

wildlife. Recent studies have determined waterbirds as an important part of their diet.  

The existing literature clearly suggested that there was a huge information gap regarding 

Trans-Himalayan wetlands and their avi-faunal characteristics. Previous studies were either site-

specific or species-specific, and thus, landscape level base line data was either scanty or 

unavailable. The Trans-Himalayan wetlands of India are increasingly under anthropogenic stress 

which is affecting their ecological structure and functions, especially the breeding birds. Black-

necked crane (BNC) is one of the flagship species of these wetlands.  
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With the above background, I decided to study and understand their ecology and major 

threats faced by waterbirds and wetlands of Changthang Wildlife Sanctuary (CWLS). The 

objectives for this work were to (1) assess the population status and habitat use by waterbirds, (2) 

evaluate the factors affecting the breeding waterbirds, and (3) assess change in the wetland area. 

To estimate the abundance of waterbirds on spatio-temporal scale, I used independent double 

observer method with point count technique. I generated detection probabilities and abundance 

estimates using program DOBSERV in combination with the SURVIV code. Minimum value of 

Akaike’s information criteria (AIC) among models was used to select the best fit model. Overall, 

275 points were surveyed in 24 wetlands over the period of two years (2016-2017) during three 

seasons i.e. spring, summer and autumn. I also examined the population status and breeding 

ecology of the endangered BNC using total count method and regular nest monitoring in 25 

wetlands respectively. 

During the two years of sampling, I recorded a total of 40 waterbird species (including 

two unidentified species of duck and wader) belonging to 8 orders and 11 families, of which 15 

species breeds in CWLS (Table 2). A total of 10,208 and 13,481 individuals were recorded in 

spring, summer and autumn seasons of 2016 and 2017 respectively. Out of 38 species, one is 

“Critically Endangered”, one is “Vulnerable” and two are listed as “Near Threatened” category 

on the IUCN Red List species. Among the breeding waterbirds, ruddy shelduck (RSD) was the 

most widely distributed and abundant breeding waterbird species among all, followed by bar-

headed goose (BHG) and brown headed gull (BrHG). During the sampling period of both the 

years, highest number of waterbirds was recorded in the autumn season. Area wise, the highest 

number of species was recorded at Statsapuk (n=24) followed by Tso Kar (n=20), Tso Moriri 

(n=15), and lowest was at Mirpal Tso (n=2) followed by Tsegam Tso (n=3). No waterbird 

species were recorded at Tsoltak wetland in 2016-17.  

Seasonal population monitoring of BNC was conducted using total count method in 25 

wetlands. The mean population size of BNC in CWLS was 66.33 ±5.04 SE (95% CI 44.6-88) 

and 69 ±4.51 SE (95% CI 49.60-88.40) in 2016 and 2017 respectively with no significant 

difference (95% CI).  Overall, breeding success of BNC declined in between 1995 and 2017 (R
2
 

= 0.44) which was attributed to predation by dogs and nesting failure due to floods.  
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 To study habitat use and related factors was essential for better understanding of breeding 

biology of waterbirds. During sampling of major 13 wetlands, nine habitat parameters and 

activity of waterbirds was recorded along with abundance estimation. Subsequently, multivariate 

analysis, Canonical Correspondence Analysis (CCA) was used for elucidating factors 

influencing breeding waterbirds. Habitat use was species-specific, diving and dabbling ducks 

mostly used water habitats followed by marshes and bogs. In contrast, waders, BNC and CRS 

mostly used marshes and bogs and rarely recorded using water habitats. The wetland area, 

distance to road, pH, distance to settlement (p <0.001) and elevation (p <0.05) were significant 

explanatory variables in permutation test. CCA revealed that species like BHG was positively 

correlated with pH and wetland area whereas, GCG showed positive relation with distance to 

road. BNC, RSD, LSP and CS negatively related with distance to road. Species like CC and 

BrHG showed positive relation with distance to human depth and negative with pH and wetland 

area. Similar patterns had been recorded in previous studies across the world where responses to 

environmental factors by waterbirds were species-specific.      

I assessed the benefits of tourism and its role in shaping the attitude of local people in 

CWLS. The Optimal Escape Theory predicts that animals should moderate their flight responses 

according to the level of risk represented by a potential predator. Flight Initiation Distance (FID) 

approach has been used widely and it increases when predators pose a greater threat and 

decreases when escape costs increase. A semi-structured questionnaire survey was carried out 

using snowball sampling in four villages and 10 nomadic camps. During questionnaire survey of 

210 respondents, most of were satisfied with ongoing developmental activities but were not 

aware about the impacts of these activities on environment. Only few respondents were involved 

in tourism. FID observations were taken for 16 species of waterbirds in 13 wetlands of CWLS 

using predestine approach. Mean FID varied between 27-229.15 meters among the 16 species of 

waterbirds while, average minimum approach distance (MAD) varied between 40.5 and 343.72 

meters. This study observed that FID can be a species-specific and site-specific trait (p<0.001) 

and it increased with increasing biomass (p <0.001) and wing span (p <0.001), apparently, owing 

to energy-risk cost and conspicuity.  

Dogs have emerged as a successful intraguild predator and major threat to wildlife and 

pastoralists. Understanding patterns of dog predation on livestock and wildlife can help in 
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developing mitigation strategies. I used polygon search method in Spatially Explicit Capture 

Recapture (SECR) framework and block count method for population estimation of dogs. For 

SECR, I identified individual dogs on the basis of body colour, sex and natural marks using 

photographs. I collected the dog scats opportunistically from the periphery of villages and near to 

the nesting sites of waterbirds during the breeding season (May–October). I segregated the 

dietary components for auxiliary quantification according to taxon and human-derived material. I 

prepared reference slides for identification of mammalian medullary hair patterns and also 

identified bird parts in scats as feathers, bones, chitin, claws and eggshells. Down feather in the 

scats were identified to order level using reference material prepared. Respondents (n=185) for 

interviews from grazer groups owning dogs were selected using snowball sampling. 

During population estimation of dogs, large congregation was found near reservoirs of 

food subsidy (big infrastructures like defense camps and residential schools). The dog density 

varied between 10-310 individuals/100 km
2
 in different study sites. Twenty major types of food 

items were found in dogs’ diet including livestock, cattle, wild ungulates, rodents, lagomorphs, 

birds, poultry, seeds, grass, cereals, HDM. Major part of their diet constituted of livestock 

(83.68%) followed by wildlife (16.33%). Of which, birds (5.91%) from Anseriformes, 

Passeriformes, and Galliformes orders were identified in the diet of dogs. Overall, 40% 

respondents had negative attitude towards dogs, of which 31% confirmed dog attacks on 

wildlife. Pastoralists and non pastoralists’ respondents had significant (p <0.001) difference in 

their attitudes.  

Remote sensing and GIS have been widely used to evaluate land-use change, in decision 

making and to monitor the effectiveness of mitigation efforts. To assess change in wetlands of 

CWLS, satellite data of Landsat 8 and Landsat 5 images (30 m resolution) were used for 

supervised classification, I used polygons (training areas AOI) using a homogenous cluster of 

pixels from each class to create a unique signature. Training polygons were representative of all 

classes and different condition of each class maintaining the same pixel on the edges. 

Subsequently, I used Maximum Likelihood estimator for supervised classification. Supervised 

classification accuracy was tested using Kappa Statistics. I also determined changes in land use 

land cover over two time periods (1994 and 2014). The maximum change was observed in class 

rocky, which increased about 2.86% during two decades gap. In wetland habitat classes (marsh 
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and waterbody), there was a slight increase of 0.50% in marsh area and 0.02% increase in water 

area in the total study area. The snow also witnessed an increase of 0.40%. Conversely barren 

(2.34%), sand (0.71%) and vegetation (0.76%) classes showed decrease in CWLS.  

The possible global/national implications of my study are (i) to declare of Tsokar-

Statsapuk Wetland complex as RAMSAR site (ii) to replicate FID studies in other wetlands for 

delineating buffers based on scientifically robust method (iii) to prepare action plans for 

management of free-ranging dogs affecting wetland dependent wildlife can be replicated to other 

wetlands. On the basis of my results, following management implications are made for CWLS (i) 

to reduce the human pressure on waterbirds and their habitats, delineation of buffer zones around 

the wetlands should be done, (ii) strict administrative control on the vehicle traffic and off road 

driving is recommended, (iii) to prevent tourism benefit leakage, community based tourism 

should be promoted with proper mechanism such as strengthening of local institutions, (iv) to 

manage solid waste, garbage management system and bio toilets should be established in the 

CWLS, (v) to reduce the impact of dogs on threatened species, capture-neuter program should be 

introduced and adoption scheme has to be encouraged among community and ferlalization 

should be discouraged by locals and defense personnel, (vi) awareness related to environment 

and wildlife among the local communities and other stakeholders need to be introduced through 

awareness, (vii) State Forest/ wildlife Department needs to be strengthened logistically to protect 

CWLS. Future research work should focus on migration and stopover sites of threatened 

waterbirds through trans-boundary management, evidence based, cost benefit analysis of socio-

culture changes and studies on tourism benefit leakage are recommended. Intraguild competition 

and predation studies should be carried out to fill research gaps. 
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Chapter 2: Study area- Changthang Wildlife 

Sanctuary 

2.1. Introduction 

The Greater and Trans-Himalayan region of India covers an area of ca. 4,00,000 sq. 

km., of which ca. 1,84,823 sq. km. area falls within the Trans Himalayan region 

covering the states of  Jammu & Kashmir (J&K), Ladakh, Himachal Pradesh, 

Uttarakhand, Sikkim and Arunachal Pradesh. This region comprises about 5.62 % of 

the total geographical area of India (Rodgers and Panwar 1988). The Indian Trans-

Himalaya is extension of Tibetan plateau towards Himalaya and its major part falls 

under Ladakh. This region is bestowed with natural beauty and hence, attracts 

millions of domestic and international tourists every year. Despite having harsh 

climatic conditions and limited resources, local inhabitants have survived all odds 

and flourished a rich and diverse culture since ages. Owing to its strategic location 

between China and Pakistan, Ladakh also holds international significance and has 

witnessed wars and skirmishes with neighboring countries.  

Erstwhile Ladakh division was divided into two administrative districts- Leh 

and Kargil, are now part of newly formed Union Territory of Ladakh. Leh is a 

Buddhist dominated area (77.29%), whereas Kargil is dominated by the Muslim 

community (Census of India 2001). Historically, Ladakh was ruled by Buddhist 

rulers for centuries but the region also witnessed Muslim conquest since the medieval 

era which influenced the socio-political situation of this region. A small sect of 

Ladakhi Sikhs also resides in Leh district who started following Sikhism after the 
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arrival of Guru Nanak Dev in Ladakh and Aksai Chin. The human density in the 

region is very low with 4.9 individuals per sq. km (Chandramauli 2013) and the 

inhabitants are mostly dependent on pastoralism and agriculture (Goodall 2007).    

In Ladakh, historical evidences in the form of petroglyphs show significant 

association of indigenous people with nature especially wildlife (Vernier and 

Bruneau 2017). Owing to its location at the junction of two bio-geographical regions, 

Palaearctic and Oriental, Ladakh resembles floral and faunal diversity of both 

regions (Namgail 2009). There are around 665 lakes and other small waterbodies in 

Ladakh region (Naseem and Keng 2012). This region harbours an array of floral 

species - around 500 species of wild and cultivated plants (Dvorsky et al. 2018). 

Another study by Klimes and Dickore (2006) recorded more than 1050 species from 

Ladakh region. In terms of faunal diversity, it holds 300 species of birds including 

migratory and resident (Namgail and Yom-Tov 2009), and around 31 species of 

mammals (Pfister 2004). Among the lower taxa, about 32 species of freshwater 

fishes have been recorded from the Ladakh region (Sivakumar 2002), 4 species of 

amphibians and 11 species of reptiles have also been recorded (Anon 2001). About 

101 species of butterflies were recorded from Ladakh between 1995 and 2004 

(Tshikolovets 2005). There are three protected areas in Ladakh region namely Hemis 

National Park, Nubra-Shyok Wildlife Sanctuary and CWLS.  

2.2. Location and zonation of CWLS 

The CWLS is situated between 32° 19' to 34° 35' North latitudes and 77° 45' to 79° 

18' East longitudes in the Leh district of Ladakh Union Territory. It is one of the 
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largest protected areas of India and the average altitude of the sanctuary is about 

4000 msl. The sanctuary falls under the 1B: Trans Himalaya (Tibetan Plateau) 

Biogeographic zone of India (Rodgers et al. 2000). The Indus and Shyok are two 

major rivers which flow through this sanctuary.     

2.3. Conservation Status 

In 1987, the erstwhile state Govt. of Jammu and Kashmir notified CWLS (vide SRO 

155, dated 19-03-1987) with an area of around 4000 sq. km. Apart from being  

proclaimed as a wildlife sanctuary, one of its wetlands, Tso Morriri, was designated 

as a RAMSAR wetland, in 2002 (www.ramsar.org). Considering the rich avifaunal 

diversity of CWLS, wetlands such as Chushul, Tsokar, Pangong and Tso Moriri have 

been declared as Important Bird Areas (IBAs) (Islam and Rahmani 2004). Due to its 

unique biodiversity and conservation values the entire Changthang region was 

proposed as a “Biosphere Reserve” (Hussain et al. 2008). The management unit of 

this sanctuary is Range; there is only one range in the CWLS, known as Changthang. 

Unlike other protected areas (PAs), CWLS hasn’t been divided into smaller units like 

beats or compartments. The range headquarter of the sanctuary is situated at Nyoma 

block. The entire sanctuary falls under Nyoma and Durbuk blocks of Leh.  

2.4. Administrative details  

The northeastern boundary of CWLS is demarcated along the actual line of control 

(LAC) through Demchok, Chushul, Pangong Tso and Changchenmo areas. Down 

south, the CWLS boundary is also delineated along LAC covering the area of 

Chumur. On the western side, it lies along the ridge line of Tsokar and Manali 



16 

 

highway which forms the boundary of the sanctuary (Department of Wildlife 

Protection, Leh). 

2.5. Environmental Attributes 

2.5.1. Climate 

The altitudinal variation of CWLS is between 3362-6667 meters (m) above sea level 

(a.s.l.) (Fig. 2.1). It is characterized by the arctic wind-swept deserts and barren hills 

with an average annual rainfall of less than 10 cm (Gujja et al. 2003). The strong and 

unpredictable winds of the region make the area very harsh (Chandan et al. 2005). 

During the summer season, the temperature of CWLS reaches upto +30oC and falls 

below -40oC during winters (Mishra and Humbert-Droz 1998).  

2.5.2. Geology and edaphic characteristics 

The CWLS is located between the Karakoram fault and Indus Suture zone (Phartiyal 

et al. 2005). The tectonic activities along the faults like Indus Suture, Karakoram 

Fault and Shyok Suture in Indus river and its tributaries have resulted in the 

formation of major lakes in the region (Phartiyal et al. 2005). The lakes of CWLS 

have constantly fluctuating owing to compression in the collision regime and 

possible climatic factors (Philip and Mazari 2000). The common soil type is sandy or 

sandy clay with sulphur and borax deposits and is nutrient deficit in nature (Murti 

2001; Rawat and Adhikari 2005; Namgail 2009). 
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Figure 2.1. Elevational gradient of Changthang Wildlife Sanctuary 

2.5.3. Land Use Land Cover and wetland characteristics 

Being Trans-Himalayan region, major part of the sanctuary is either barren or 

permafrost with mosaic of few green patches including wetlands (Fig. 2.2). CWLS 
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harbours around 24 key wetlands both lacustrines and palustrines types of wetlands 

are found including ten major lakes. Fresh, brackish and saline water property lakes 

and marshes are present (Gopal et al. 2002; Hussain et al. 2008). Pangong and Tso 

Moriri are the largest, while Puga and Lal Pahari are the smallest wetlands. The key 

wetlands are in western (Tsokar, Statsapuk), southern (Lam Tso, Tso Moriri) and 

eastern Changthang (Pangong Tso). These wetlands also serve as breeding and 

staging areas for long-distance migrant ducks and other species (Ali and Ripley 

1978). I sampled 24 wetlands for waterbird abundance estimation, of which 13 

wetlands were also studied intensively for other objectives.    
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Figure 2.2. Land Use Land Cover map of CWLS 

 

2.5.4. Flora 

Around 232 species of 101 genera and 38 families have been recorded from the 

Tsokar Basin of CWLS (Rawat and Adhikari 2005). About 272 species of vascular 
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plants belonging 43 species and 127 genera was indentified in CWLS (Dvorsky et al. 

2011). Subsequently, another study by Dvorsky et al. (2015) identified 306 

autochthonous species of plants in CWLS. The wetlands of Tsokar basin harbour 

about 25–30% of the total vascular flora known from the region despite their limited 

extent (Rawat and Adhikari, 2005). The marsh meadows are dominated by sedges, 

like Carex (>30 species), Kobresia (>7 species), blysmus, rushes (>12 species of 

Juncus), Eleocharis and several species of grasses like Calamagrostis falciformis, 

Poa spp. and Puccinellia himalaica. Pools of shallow water support a number of 

aquatic species such as Potamogeton pectinatus, Myriophyllum verticillatum, 

Hippuris vulgaris, Ranunculus natans and R. trichophyllus. Typical herbaceous 

elements in marsh meadows include species of Ranunculus, Pedicularis, Gentiana, 

Gentianella and Primula. Some of the species are typical of saline marshes 

(halophytes), like Atriplex tatarica, Puccinellia himalaica, Suaeda olufsenii, 

Triglochin maritimum and Glaux maritima.  

2.5.5. Fauna 

The wetlands of Changthang are the only known nesting sites of the Black-necked 

cranes (Grus nigricollis) in India (Gole 1983).  Other species of waterbirds, which 

also use these wetlands as their breeding grounds are bar-headed geese, brown 

headed gull (Larrus brunicephalus), great crested grebe (Podiceps cristatus), ruddy 

shelduck (Tadorna ferruginea), lesser sand plover (Charadrius mongolus) etc. 

(Hussain et al. 2008). The mammals found in the Changthang area include blue 

sheep (Pseudois nayaur), Ladakh urial (Ovis orientalis vignii), Tibetan argali (Ovis 

ammon hodgsonii), Tibetan wild ass (Equus hemionus kiang), Himalayan marmot 
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(Marmota himalayana), red fox (Vulpes vulpes), Tibetan gazelle (Procarpa 

picticaudata), snow leopard (Panthera uncia), wild dog (Cuon alpinus laniger), 

Tibetan wolf (Canis lupus chanko), lynx (Lynx isabellina) and Pallas’s cat 

(Otocolobus manul) (Fox and Chundawat 1988; Mahar et al. 2017).  

2.6. Socioeconomic Attributes 

2.6.1. People of CWLS 

The Changthang region comprising of two main blocks Nyoma and Durbuk with 

around 28 villages is inhabited by different pastoralist Budhhist sects (Jina 2002; 

Bhasin 2012). Pastoralist communities of Changthang are mainly followers of 

Drukpa, Drikung and Sherpo Buddhist sects. Culturally, there are three distinct 

groups in Changthang - Rongpa (inhabitants of Kuyul, Damchok, Chumathang, 

Nyoma), Lungpa (Chumur and Kerey) and Drokpa (Rupshu and Kharnak). These 

people spend most of their life span in easily movable tents (locally known as Rebos) 

(Bhasin 2012). Annually, transhumance communities migrate horizontally; moving 

through several locations in the Changthang region during different seasons based on 

the availability of scanty resources for their livestock (Namgail et al. 2007). They are 

also involved in seasonal cultivation in some hamlets; however land cultivation is 

barely in 1% of the total Changthang region (Rawat and Adhikari 2002).  

2.6.2. Livestock holding 

Pastoralist nomads of Changthang rear mixed animals like domestic yak, dzo (cow-

yak hybrid), Zanskar pony, sheep, pashmina goat, donkey and cow. In the last few 

decades, pashmina has emerged as a lucrative business for local pastoralists in the 
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region (Ahmed 2004; Namgail et al. 2007). The yaks and ponies are mainly used for 

transportation of goods in remote locations (Bhasin 2012). The total livestock 

population in  Changthang is around 4,08,290 heads including 18,877 yaks, 34,174 

dzo, 1,12,185 sheep, 2,30,077 goats and 12,077 heads of cattle (Leh Husbandry 

Department 2016). The socio-economic changes in the region have led to 

outmigration of pastoralists to explore the outer world and look for alternative 

livelihood options (Goodall 2007).  

2.6.3. Dependence on CWLS 

Being a pastoralists’ landscape, the sanctuary receives a large number of livestock 

for seasonal grazing mainly in proximity to the wetlands. Scarce availability of 

vegetation compels pastoralists to shift their camps in different locations (Namgail et 

al. 2007). Out of the 232 identified plant species, only 50-60 species are preferred by 

livestock in the Changthang region (Rawat and Adhikari 2006). Apart from that, 

people are dependent on various resources like medicinal plants, fuel wood and 

tourism related livelihood. Ladakhis practice ancient medicinal healing and these 

healers or practitioners are known as Amchi, Akhon and Saman (Angmo et al. 2012). 

The healers use different medicinal plants and occasionally animal parts for curing 

diseases. Pastoralists of this landscape use Caragana spp. and Myricaria spp. bushes 

as fuel wood, however modicum availability of these species’ restrict them to use 

other alternatives like cattle dung, goat and sheep pellets as fuel. CWLS holds one of 

the best tourist locations in the Indian Trans-Himalaya and with the increasing 

demand of tourism, local people are also getting involved directly or indirectly on the 

tourism industry. With the unparalleled boom in tourism since 1970’s, this landscape 
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is going under immense anthropogenic pressure due to unregulated tourism. In the 

year 2017, 2,58,720 tourists visited Ladakh including domestic and foreign tourists 

(Tourism Department, Leh) which has increased drastically since the 1970s.  

2.6.4. Conservation issues 

Negative interface between wildlife and human is inevitable in CWLS. Previous 

studies in CWLS revealed that about 60-70% of the livestock predation cases were 

caused by wolf, followed by snow leopard (Namgail et al. 2007; Habib et al. 2013). 

The increasing population of ungulates like kiang has  emerged as grazing 

competition for livestock in the resource deficit regions (Bhatnagar et al. 2006a), 

whereas species such as argali and Tibetan gazelle face forage competition with 

livestock in CWLS (Bhatnagar et al. 2006b; Namgail et al. 2008; Singh et al. 2013). 

In the recent past, free ranging dogs have emerged as a threat to wildlife and 

livestock (Bhatnagar et al. 2006b; Naroji and Sangha 2011). Tourism is also one of 

the key conservation issues in CWLS. Trekking, off road driving, garbage dumps, 

camping around wetlands and water channels, are key factors detrimental to local 

environment (Geneletti and Dawa 2009). Previous studies have also highlighted the 

impact of military on prime wildlife areas in the region (Fox et al. 1994; Humbert-

Droz 2017). 
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Plate 2.1. Breeding waterbirds of Changthang Wildlife Sanctuary 

   

a) Great Crested Grebe             b) Bar headed Goose 

   

d) Common Goosander          e) Black necked Crane 

   

f) Common Tern            g) Ruddy Shelduck   
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Plate 2.2. Key mammal species of Changthang Wildlife Sanctuary 

  

a) Pallas’s Cat             b) Himalayan Wolf (Melanistic)   

  

c) Tibetan Argali           d) Blue Sheep 

  

e) Tibetan Wild Ass          f) Stolicka's Mountain Vole 
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Plate 2.3. Major disturbance factors in CWLS 

  

a) Unregulated tourism activities          b) Unplanned construction near wetlands 

  

c) Unmanaged garbage dumps         d) Off road driving in wetlands 

  

e) Free-ranging dogs disturbing wildlife               f) Fencing in wetlands 
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Plate 2.4. Wetland types in CWLS 

 

a) Lacustrine Wetland 

 

b) Palustrine Wetland 

 

c) Riverine Wetland 
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Chapter 6: Impact of free-ranging dogs on waterbirds 

6.1. Introduction 

Today, domestic dogs are apparently the most abundant carnivores in the world and a 

major cause of extinction and threat to many species (Doherty et al. 2017). In the past 

few decades, free ranging dogs emerged as a primary cause of  wildlife  predation  

(Vanak  and  Gompper  2009; Home et al. 2017), competitor (Butler et al. 2004;  Vanak  

and  Gompper  2009),  disease transmitter (MacPherson 2005; Sepulveda et al. 2014) and 

accountable for outbreeding depression  (Gottelli  et  al. 1994). Several studies have 

determined wildlife as the important part of their diet around the globe (Schaller 1998; 

Butler et al. 2004; Campos et al. 2007; Vanak and Gompper 2009; Silva-Rodríguez et al. 

2010).  

Often, humans let domestic dogs turn feral and, forcing them to compete with the other 

wild carnivores for resources (Butler and toit Du, 2002). Further, feralization occurs due 

to the fear response to human that doesn’t necessitate genetic divergence from its 

domestic ancestors (Daniels and Bekoff 1989). Feral dogs are considered to be excellent 

opportunistic feeders (Vietch 2002). Dogs have emerged as a successful intraguild 

predator among the all canid species and prevented other carnivores to approach human 

habitats by competition (Vanak and Gompper 2009; 2010). Dogs mainly predate on 

ungulates, small mammals, birds and livestock (Scott and Causey 1973; Butler et al. 

2004; Vanak and Gompper 2009; Home et al. 2017). Birds have been an important part 

of dogs’ diet in Chile (Silva-Rodrigues et al. 2010). In New Zealand, a single free-
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ranging dog killed around 500 kiwis (Apteryx australis) in the remaining population of 

900 birds in a few months (Taborsky 1988).  

6.1.1. Dog’s impact on global and local scale 

Humans, worldwide generated 1.3 billion tonnes of garbage in year 2012 and expected to 

reach around 2.2 billion tonnes by year 2025 (http://www.worldbank.org). Easily 

available human derived food provisioning and low prey availability might enhance 

competition between dogs and other carnivores (Vanak and Gompper 2009). 

Intentionally or unintentionally, human often provide subsidies to animals shaping their 

ecosystems and communities leading to competition and predation (Oro et al. 2013). 

Over the half century, dogs have shown an increase in body size owing to sufficient 

supply of human subsidy in Israel (Yom-Tov 2003). In many parts of the world, dogs 

have been recorded to feed on human faeces (Lantis, 1980; Suryavanshi et al. 2009; 

Butler et al. 2018). 

In Indian subcontinent, feral dogs have been seen searching and feeding eggs of 

marine turtles in coastal areas in Sri Lanka (De Silva 1999, Ilangakone 2000, 

Bambaradeniya 2002) and attacking wild animals in Bundala National Park, West 

Province (Bambaradeniya 2002). India harbours several endemic and endangered species 

like Asiatic lion (Panthera leo presica), Great Indian bustard (Ardeotis nigriceps), 

Tibetan gazelle (Procapra picticaudata), Tibetan antelope (Pantholops hogsonii) and 

black-necked crane (Grus nigircollis) which are more prone to predation and disease 

transmission (Schaller 1998; Chandan et al. 2005; Balamurugan et al. 2012; Dutta 2014). 

Dogs cause huge loss of wildlife throughout India (Home et al. 2017). The major threats 
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for the leatherback turtles are predation of eggs by humans and feral dogs at the Galathea 

in Great Nicobar Island and Rutland Island. Feral dogs are a major predator to turtle eggs 

and nesting turtles in Andaman and Nicobar Islands. The remoteness and inaccessibility 

makes it difficult to monitor and protection sea turtles during nesting in islands and 

beaches of Nicobar (Andrews 2000). The decline in the Gyps spp. vulture population in 

the several parts of the India was attributed by loss of habitat followed by increasing 

population of feral dogs, anthropogenic pressure, predation, competition etc. (Chhangani 

and Mohnot 2004). As successful facultative scavengers, dogs have replaced vultures, a 

study by Prakash et al. (2003) confirmed drastic increase in population of dogs on carcass 

dump over the years in western Rajasthan. In Gujarat, studies suggest that the feral dogs 

compete with the wolves and also prone to infectious diseases such as rabies, canine 

distemper virus (CDV), parvovirus and canine hepatitis (Jhala and Giles 1991). 

6.1.2. Importance of demographic survey 

Despite being used as a vital tool in assessing the ecological determinants of rarity (IUCN 

2014), population estimates often used in managing dogs (Hiby et al. 2011), 

fundamentally important for applied ecology (Perez-Arteaga et al. 2005). Several 

methods have been used globally but few studies have used Spatially Explicit Capture 

Recapture (SECR) method with a range of detection devices (Belo et al. 2015), some of 

which are traps while others detect without actually trapping. The devices include cage-

traps (single-catch traps, mist-nets (a kind of multi-catch trap), acoustic detectors (both 

terrestrial and marine), sightings by humans, and detection by cameras (Borchers 2012). 

Additionally, SECR method overcomes issues of conventional capture-recapture method 

like edge effect and heterogeneity in detection probability (Efford 2004; Brochers and 
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Efford 2008; Efford 2015). This method also provides precise spatial information on the 

density of dogs which could contribute in management of dog population in protected 

areas. 

6.1.3. Interaction with local inhabitants 

In Ladakh, pastoralists often retaliate their heavy loss due to interface with wildlife 

especially with carnivores (Bhatnagar et al. 2006a; Namgail et al. 2007). Dogs that 

accompany the pastoralists are observed to chase and kill lambs and juveniles of wild 

herbivores in Ladakh (Singh 2008). Understanding patterns of dog predation on livestock 

and wildlife can help in developing mitigation strategies. During last few years, feral 

dogs have emerged as major predator of livestock followed by snow leopard and wolf in 

Upper Spiti (Himachal Pradesh) (Suryavanshi et al. 2009; Home et al. 2017). Feral dogs  

are  also  known  to  hunt  the  wild  prey species  such  as  blue  sheep  and  are  believed  

to  compete  with  native predators such as red fox in Spiti (Ghoshal 2012) and snow 

leopards.  

Present situation of Ladakh appeared akin to Spiti, which required a further 

quantification. Thus, understanding their demography, diet and perception of locals 

towards dogs was essential for the negative interaction mitigation in Trans Himalayan 

region of Ladakh. Dogs tend to have dependency on the human subsidy as easy food 

availability thus the major proportion of their diet suppose to come from human subsidy 

however they will also be dependent on wildlife by scavenge or hunt. Additionally, most 

of large congregations of dogs tend to found around human dominated landscapes and 

near infrastructures with easy food like defense camps and residential schools.  
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6.2. Methodology 

6.2.1. Field methods and laboratory analysis 

a) Population estimation of dogs 

I carried out fieldwork during June–July 2015 to estimate the size of the dog population. I 

divided the study sites into two categories: (i) large human settlements close to wetland 

habitats and (ii) human settlements or temporary pastoralist tents with fewer than 10 

households close to wetland habitats (Fig. 6.1). There were three sites in the first category 

and seven in the later. I used polygon search method in first category sites (Gogoi 2015) 

and carried out block counts to survey the sites of the second category (Home et al. 

2017). A total extent of 104 km2 was sampled in Tsokar, 127 km2 in Tso Moriri and 78 

km2 in Hanle. Ground surveys were conducted during the breeding season of waterbirds 

in June and July 2015. I divided my three intensive study areas into 1 × 1 km2 polygons, 

their extent representing the average known home range of free-ranging dogs, ~0.72 km2 

(Pal et al. 1998b; Meek 1999; Dürr and Ward 2014). I sampled each polygon on five 

occasions during consecutive days. I obtained the help of experienced field personnel and 

searched the entire study area on foot and using vehicle. I followed existing trails and 

motorable roads in each polygon, following the same paths each time (Gogoi 2015; 

Punjabi et al. 2012). I photographed dogs using a prosumer camera and recorded their 

GPS locations and the activity they were involved in. I identified individual dogs on the 

basis of body colour, sex and natural marks (Punjabi et al. 2012).  
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Figure 6.1. Intensive study sites in CWLS 

 

b) Scat collection and laboratory analysis 

In order to study dietary composition of dogs, I used the non-invasive technique by 

collecting a total of 850 scat samples between the years 2015 and 2017. I collected the 

scats opportunistically from the periphery of villages, from the nesting sites of waterbirds 

and from buffer areas (Vanak and Gompper 2009) during the breeding season (May–

October) of birds and mammals. Most of the scat samples were collected during focal 

sampling of dog individuals or whenever we encountered fresh scats in vicinity to 

shepherd dogs. The scat of the dog can be easily distinguished from those of sympatric 

species such as the wolf (Canis lupus) (Habib 2007). I placed all the scats in paper bags 

marked them with the date, GPS location and collection site and air-dried them for 5–10 
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days. I weighed and washed the scats in running water and dried the washed samples in 

an oven at 40°C for 24–48 hours. Subsequently, I segregated the dietary components for 

auxiliary quantification according to taxon (mammals, birds, reptiles, invertebrates and 

plants) and human-derived material (HDM, such as plastic, polythene, rubber and paper) 

separately (Reshamwala et al. 2018). I prepared reference slides for identification of 

mammalian medullary hair patterns (Bahuguna et al. 2010). I also identified bird parts in 

scats such as feathers, bones, chitin, claws and eggshells. When I came across any down 

feather in the scats, I identified it to order level using reference material prepared during 

this study and material available in the literature (Dove and Koch 2011).  

Due to economic constraints, I randomly selected 100 scats from 10 sites for 

identification of species using molecular tools. DNA was extracted from fecal samples 

using Guanidine iso-thiocyanate method (Boom et al. 1990). DNA extractions were 

performed in a room dedicated to low-copy DNA extraction. For every extraction, 

negative controls composed of reagent only without sample was included to monitor the 

contamination. Species identification from fecal samples was carried out using 

Cytochrome b region primers 412 bp fragment of the mtDNA Cyt b gene (Canid L1 and 

H15149, Paxinos et al. 1997; Kocher et al. 1989). PCR amplification conditions includes 

initial denaturation at 95°C for 15 minutes, followed by 35 cycles at 94°C for 30 seconds, 

55°C for 30 seconds and 72°C for one minute, and a final elongation step at 72°C for ten 

minutes. Followed by the amplification of target DNA, the PCR products are loaded in 

2% agarose gel electrophoresis along with negative and positive controls. The PCR 

products were sequenced where initially treated with ExoSAP (GE Healthcare, USA) and 

then sequenced the samples in both directions using the BigDye Terminator v3.1 Cycle 
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SequencingKit (Applied Biosystems Inc., USA) following the manufacturer’s 

instructions accordingly. DNA sequences were then resolved on the ABI Prism 3130 

Genetic Analyzer (AppliedBiosystems Inc., USA). The generated sequences were then 

blasted with avialbale references in NCBI to confirm the species.  

c) Questionnaire surveys with local inhabitants 

I interviewed 210 respondents in four major villages and 10 nomadic camps during three 

consecutive years (2015–2017) using a semi-structured questionnaire. Respondents from 

grazer groups owning dogs were selected using snowball sampling. However, to validate 

the information collected from grazers, people of different occupations were involved in 

interactions/interviews. Prior to the actual sampling, I conducted 25 interviews to test the 

efficacy of the questionnaire and to eliminate ambiguities (Dobriyal 2015). All 

respondents’ locations were marked using GPS. Respondents belonging to different age, 

gender, religious sect, profession and education groups were interviewed (format of 

questionnaire is given in appendix 6.1). 
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3.2.2. Data Analysis 

a) Population estimation of dogs 

I developed individual capture histories for dogs and polygon vertices were used for 

developing trap files. For estimation of dog abundance, I used SECR method (Borchers 

2012) in R (R Development Core Team, 2018) using ‘secr’ package (Efford 2016). 

Polygon search method was used that provides flexibility in counting of individuals 

which has been used on lions (Gogoi 2015). In maximum likelihood framework, for 

stationary detector, detection probability is modelled as a decreasing function of the 

distance between the animal’s home range centre and the detector. In polygon detector 

method, the probability of detection is a function of the quantitative overlap between the 

home range and the polygon (i.e., the instantaneous probability that an animal is within 

the polygon) (Efford 2011). I used detection parameter, lambda (λ), the per capita 

detection probability in per unit effort and sigma (σ), the spatial scale of animal 

movement (Lamb et al. 2018).  I only used null model for density estimation because sex 

identification and differentiation between pet and free ranging dog couldn’t be 

ascertained. Most of the owners kept unleash their dogs during day and night hours and, 

also they didn’t use neck belts for pet dogs. Hence, in my case such heterogeneity was 

not considered in density estimation. Subsequently, density contour maps were prepared 

using density surface modeling in ArcGIS and R (R Development Core Team, 2018).   

I masked study areas as per availability of habitats and resources viz., terrain 

complexity, vicinity to human settlements and availability of food resources (hamlets, 

schools and defense infrastructure), dumping sites, distance to nearest wetland and 
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distance to pastoralists’ camps. The mask file was prepared using 25 x 25 meter grids 

based on field experience with local dogs. I considered that many dogs kept leashed for 

around 24 hours in premises so such dogs won’t move much. 

b) Dietary analysis of dogs 

I calculated percent occurrence of prey or food items in scats using total number of a 

particular prey item in total number of scats. However, given the high digestibility of 

large prey than small prey species and low occurrence of hair in scat, often mislead prey 

consumption (Karanth and Sunquist, 1995). Thus, estimation of biomass consumption 

plays a pivotal role in deciphering more reliable dietary spectrum of carnivores.  

Considering logistic constraints, I used wolf correction factor equation for dog’s diet. The 

biomass estimation of prey items was calculated using regression equation calibrated by 

Jethva and Jhala (2004). With the help of correction factor Y, I also calculated proportion 

of relative biomass (D) and relative number of individual (E) consumed by dog.  

 

 

 

Y= correction factor, X= prey species 

 

 

c) Perception of locals towards dogs 
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I used compositional analysis to decipher peoples’ attitude towards free ranging dogs. 

Non-parametric test chi square test was used to check variation between variables like 

gender, occupation and education. The analysis was performed in R software.  

3.3. Results 

3.3.1. Population estimates of dog  

a) Dog population in Tsokar basin 

In Tsokar, a total of 104 km2 area was sampled. Overall only Mt+1=11unique individuals 

were identified in and around village Thukje while, dogs were absent in the rest of the 

landscape (Fig. 6.2). Density estimation was 10 individuals / 100 km2 (6-19 95% 

confidence intervals). The value of sigma (δ) was 42.8 m and lambda (λ) was 0.869 

(Table 6.1). 

b) Dog population in Tso Moriri basin 

Total 127 km2 area was sampled in Tso Moriri, of which I covered areas like Korzok, 

Paldo, Korzok Phoo, tourist camps, defence camps and road construction camp and other 

small Rebos (Fig. 6.3). Overall, Mt+1=72 unique individuals were captured during 5 

occasions. The density of dog was 61 individuals/100 km2 (48-77 95% CI). The δ value 

was 71.35 m and λ value was 0.633 (Table 6.1). 
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Figure 6.2. Density surface map of dog population in Tsokar basin 
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Figure 6.3. Density surface map of dog population in Tso Moriri basin 

 

c) Dog population in Hanle 

In Hanle, a total of 78 sq. km area was sampled. Among the three sites, dog density was 

highest here (Fig. 6.4). Total Mt+1=224 unique individuals were captured during 5 days 

sampling. The density was 310 individuals/ 100 km2 (270-360 95% CI). The value of δ 

was 348.11 m and λ was 0.363 (Table 6.1). 
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Figure 6.4. Density surface map of dog population in Hanle basin 

 

Table 6.1. Site specific SECR density of dogs with 95% Confidence Interval (CI) 

Site 
Area 

(km2) 

Density 

(individuals/100km2) 
95% CI Lambda Sigma (m) 

Tsokar 104 10 6–19 0.869 42.8 

Tso Moriri 127 61 48–77 0.633 71.35 

Hanle 78 310 270–360 0.363 348.11 

 

d) Dog population in other sites using block counts 
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Apart from polygon search method, I also estimated dogs’ population using block counts 

in lesser human dominated sites where < 10 households or rebos were present (Table 

6.2). The entire area was sampled and total dog counts were recorded. Overall, seven 

sites were covered under this exercise. The dog abundance varied between n=2-8, and 

most abundant site was Kyun Tso (n=8) while least was Rongo wetland (n=2). In Kyagar 

Tso, no dog was recorded because pastoralists were not reached in their camps till 

sampling was completed. Usually these all sites temporary nomad sites and are away 

from human vicinity except Puga. Mostly leashed or unleashed shepherd dogs were 

encountered in these sites. 

Table 6.2. Block count of dogs in different sites with < 10 households 

SN Study Site Area (sq. km) Total Count 

1 Puga 6 7 

2 Yaya Tso 10 4 

3 Staklung 18 3 

4 Rongo 8 2 

5 Lal Pahari 11 6 

6 Kyun Tso 54 8 

7 Kyagar Tso 11 0 
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3.3.2. Dietary pattern of dogs 

A total of 850 scat samples were collected, of which 103 were discarded and 747 scats 

were analyzed further for microscopic identifications. In 2015, overall 121 scats were 

collected followed by 402 in 2016 and 224 in 2017. I measured length and diameter of 

the 42 well intact scat samples, mean length of scats was measured about 17.52 SD±7.25 

cm (range 7.9-36.6 cm) and diameter (at thickest section) 2.83 SD±0.52 cm (range 1.7-

3.8 cm). Out of randomly selected 100 scat samples, we could successfully extract DNA 

from 80% of samples and PCR identification using carnivore specific primer identified 

88% samples as dogs (Appendix 6.2). 

Overall, twenty major type of food items were found across the study area 

including livestock, cattle, wild ungulates, rodents, lagomorphs, birds, poultry, seeds, 

grass, cereals and HDM. Most of the scats contained single food item (55%), whereas 

few scats contained five items (10%). Major part of the diet was constituted by livestock 

(83.68%) followed by wildlife (16.33%) [birds (5.91%), rodents (4.63%), ungulates 

(4.59%) and lagomorphs (1.03%)] (Fig. 6.5). Sheep, goat, cattle including yak, cow-yak 

hybrid and poultry was key domestic food items in dogs’ diet and species like blue sheep, 

argali, kiang, woolly hare and rodents were wild items in the diet. In birds, I could only 

ascertain feathers till order level including anseriformes, passeriformes and galliformes 

(Appendix 6.3). Many scats contained HDM including paper, polythene, plastic, 

thermocol and rubber items. 
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Figure 6.5. Frequency of occurrence of different prey items in Dogs’ diet 

 

The correction factor of the diet (Y), Frequency of occurrence (A), proportion of 

relative biomass (D) and relative number of individual (E) of prey species consumed by 

dogs is given in Table 6.3. Dogs mostly consumed individual of livestock and minimum 

of argali. For small species like rodents and birds, number of the relative individual was 

high however; proportion of the relative biomass was low. In large wild prey items, the 

highest proportion of relative biomass was comprised of blue sheep (1.49%) and argali 

was in the lowest proportion (0.48%). Birds constituted about 0.27% proportion of 

relative biomass which includes chicken poultry and wild species. However, domestic 

species like livestock (goat and sheep) constituted 25.88% and 58.40% by cattle (yak and 

dzo) constituted as a major proportion of dogs’ diet (Table 6.3).  
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Table 6.3. Frequency of occurrence (A), average weight of prey item (Wt), 

correction factor (Y), proportion of relative biomass (D) and relative number of 

individual (E) of prey species consumed in diet of dog 

 

SN Prey items A Wt (Kg) Y D  % E % 

Wild Prey items 

1 Blue Sheep 
1.67 52 1.08 1.49 1.32 

2 Argali 0.26 110 2.24 0.48 0.20 

3 Rodent (Pika/vole) 
4.63 0.5 0.05 0.17 15.93 

4 Woolly Hare 
1.03 2.5 0.09 0.07 1.34 

5 Tibetan Wild Ass 
2.83 280 5.64 13.23 2.18 

6 Bird 5.91 1 0.06 0.27 12.42 

Domestic Prey items 

1 
Livestock (Goat and 

Sheep) 
49.1 30 0.64 25.88 39.72 

2 Cattle (Yak, Dzo) 34.58 100 2.04 58.40 26.89 

 

3.3.3. Description of respondents and their perception towards dogs 

A total of 210 respondents comprising of 52% males and 46% females with an average 

family size of 5.75 (SE 0.16) were interviewed. There was no significant gender based 

difference in perception towards dogs (𝜒2 value=0, df =1, p >0.05). The average age of 

respondent was 44 (SE 0.99) years (range 18-74 years) as I targeted all age group people. 

Most of the respondents were illiterate (69%), while only 16% had higher secondary, 

12% had primary education and 3% had education till senior secondary. There was no 

significant difference in the perception of respondents based on education (𝜒2 value 

=0.27, df =2, p >0.05). Primary occupation of the respondents was pastoralism with about 



128 

 

63% respondents involved in it, followed by farming (20%), labour (4%), private job 

(3%), house wife (3%), student (2%) and monk (1%) (Table 6.4). Despite having 

different primary occupations, 93% respondents were involved in livestock rearing as 

their secondary occupation or traditional family occupation. There was significant 

difference in the attitude of pastoralist and non pastoralist respondents towards free- 

ranging dogs (𝜒2 value = 44.95, df =1, p <0.001). Overall, 31,130 head of livestock were 

owned by respondents, of which 18811 were goats, 10929 were sheep, 978 were yaks, 

317 were horses, 52 were cows and 43 were donkeys. The average monetary value of 

livestock was estimated around 937861.53 INR/family. 
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Table 6.4. Description of respondents in CWLS 

 Category Total number Percentage (%) 

1 Age (years) 

(i)   18-30 

(ii)   31-45 

(iii)   46-60 

(iv)    >60 

 

44 

66 

75 

25 

 

21 

31 

36 

12 

2 Gender 

(i)   Male 

(ii)   Female 

 

110 

100 

 

52 

48 

3 Religious Sect 

(i)   Drukpa 

(ii)   Drikung 

(iii)   Sherpo 

(iv)   Other 

 

96 

21 

19 

74 

 

46 

10 

9 

35 

4 Education 

(i)    Illiterate 

(ii)    Primary 

(iii)    Junior High School 

(iv)    Senior Secondary 

 

145 

26 

33 

6 

 

69 

12 

16 

3 

5 Occupation 

(i)    Grazer 

(ii)    Farmer 

(iii)    Student 

(iv)    Govt. Employee 

(v)    Private 

(vi)    Monk 

(vii)   Home maker 

       (viii) Labour 

       (ix)   Other 

 

132 

42 

5 

4 

6 

2 

6 

9 

4 

 

63 

20 

2 

2 

3 

1 

3 

4 

2 

6 Family Size 

(i)        < 2 

(ii)        2-5 

(iii)        6-10 

(iv)        >11 

 

2 

108 

92 

8 

 

1 

51 

44 

4 

 

a) Details of shepherd dogs 

Out of 210 respondents, 163 respondents owned dogs in their houses. Total n=240 

shepherd dogs were recorded in respondents’ houses. The sex ratio was highly skewed 

towards males, few respondents owned females (Fig 6.6). Perhaps owing to high 

fecundity and cost of care prevented respondents to own female dogs. As dogs were 
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mainly utilized for guarding houses, rebos and livestock, hence male dogs were preferred 

over females for getting maximum service with less care. Usually, pups were brought 

from some far located villages where people usually rear females for pup business.   

 

Figure 6.6. Sex ratio of shepherd dogs in respondents’ houses 

 

I also enquired about disease and vaccination program for dogs in remote villages 

of Changthang. About 13% respondents reported disease in their dogs while other did not 

report any disease. While enquiring about vaccination programs, only 10% respondents 

vaccinated their dogs (Fig 6.7). During informal interactions, I found that most of the 

respondents were not aware of possible disease outbreaks and vaccination schemes.  
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Figure 6.7. Vaccination of shepherd dogs in CWLS 

 

Most of the dog owners kept their dogs continuously free (78%) followed by 

continuously leashed (10%), leashed during night (5%), leashed during day (4%) and 

leashed sometime irrespective of the time (2%). Respondents kept their dogs 

continuously free to safeguard their livestock and cattle from predators (Fig 6.8). Often, 

ferocious behaviour of shepherd dogs kept their sympatric carnivores away from 

livestock and cattle.  Distance travelled by guard dogs varied in between 1-30 km along 

with their owners.  

n=163 
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Figure 6.8. Types of Care for shepherd dogs in CWLS 

 

I also enquired about involvement of shepherd dogs in attack on wildlife. Few 

respondents (6%) reported that their dogs were involved in attacks on wildlife including 

Himalayan marmot and woolly hare. Most of the respondents (75%) did not report any 

such cases and rest (19%) had no idea (Fig. 6.9). During study period, these results were 

also confirmed by my direct opportunistic behavioural observations of dogs chasing and 

predating on various wild species including birds and mammals (Appendix 6.4). 
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Figure 6.9. Attack on wildlife by shepherd dogs in CWLS 

 

b) Attacks of free-ranging dogs on wildlife, livestock and human 

Overall 40% of the respondents considered free-ranging dogs as problem; while 23% 

respondents had no problem with dogs and about 37% respondents could not figure out if 

dogs were a problem. A total of 185 livestock predation incidences were reported by 

respondents between 2015 and 2017. About 32% respondents reported free ranging dogs 

as threat to livestock including sheep and goat, while 67% respondents did not report 

free-ranging dog as threat to livestock and 1% respondents were unaware of dog’s impact 

on livestock who were not involved in pastoralism. During year 2018, average market 

value of adult sheep was INR 5000, goat INR 4000, yak INR 40000, horse INR 80000, 

pony INR 20000 and dzo was INR 8000 in Leh town. In case of predation on wildlife, 

only 10% respondents reported free ranging dogs harassing and predating on wildlife 

including birds like black necked crane and bar-headed goose. Only four cases of dogs 
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attacking/ biting humans were reported by respondents (2%) in eastern Changthang (Fig. 

6.10).   

 

Figure 6.10. Impact of free-ranging dogs on wildlife, livestock and human 

 

Only 9% respondents were aware of compensation scheme provided by Dept. of 

Wildlife Protection, most the respondents (91%) were totally unaware of compensation 

scheme. Those who ever applied for compensation were aggrieved about long and 

tedious process of getting compensation by department. They were also aggrieved about 

insufficient amount of compensation against their loss. While enquiring about solution of 

free ranging dogs problem, most of the respondents (90%) were unaware of solutions 

however, few (10%) were certain about ‘removal’ of dogs from their pasture lands and 

habitation areas. By ‘removal’ they meant to state that it could be either shifting dogs 

somewhere else or euthanise. Neverthless, proportion of respondents supporting 

euthanasia was comparatively very less (4%).  

n = 210 



135 

 

In Fig. 6.11 (a) depicts that respondents were 100% negative whenever they 

encountered any wildlife predation incidence by free-ranging dogs. Neverthless, no 

predation encountered by 42% respondents were still negative towards dogs, while rest 

was neutral. In fig. 6,11 (b) 36.23% respondents were negative despite not reporting any 

attack/bite by dogs on humans, whereas rest were neutral. In case of livestock predation 

by dogs, about 8% respondents were negative towards dogs who didn’t report any 

predation incidence.   

Predation No Predation

Negative 100 41.96

Neutral 58.04  

a) Wildlife Predation by Free-ranging dogs 

 

Yes No

Negative 100 36.23

Neutral 63.29  

b) Human attack by Free-ranging dogs 

 

Yes No

Negative 100 7.80

Neutral 92.20  
 

c) Livestock predation by Free-ranging dogs 
 

Figure 6.11.  Peoples’ perception towards free ranging dogs on wildlife, livestock 

and human (n=210) 
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3.4. Discussion 

My results show a high dependence of dogs on humans. Dog density surface maps show 

that large congregations of dogs in and around large facilities such as defence camps, 

residential schools and construction company camps, perhaps functioning as reservoirs of 

easy food. The human subsidy has led the dogs in these areas to concentrate here. 

Information on the population abundance and demography will be helpful in developing 

strategies for the management of the dog problem. SECR is a workforce and resource-

intensive method. So I used block counts in sites where small dog populations were 

present. Globally, several methods have been used to estimate dog populations (Belo et 

al. 2015), the most preferred of which is the capture–recapture method is; however, this 

method lacks reliability owing to some limitations. In India, a few studies have used the 

mark–resight method (Punjabi et al. 2012; Hiby et al. 2011), capture–recapture method 

(Home et al. 2017) and the Huggins heterogeneity model in a capture framework (Tiwari 

et al. 2018). 

For species identification, intially I followed Farrell et al. (2000), however due to 

confusion in identification between dog and wolf scat eventually I relied on Paksions et 

al. (1997) and Kocher et al. (1989). This study revealed that dogs mainly consumed 

livestock in CWLS. Apparently, unlike wild animals, domestic livestock do not display 

anti-predatory behaviour. Hence these animals are easier prey for carnivores (Diamond 

2002). Dogs have also been reported to sustain themselves on carrion of livestock by 

excluding wild competitors (Butler and du Toit 2002). Also, my finding could be an 

artefact of abundant availability of livestock in the form of carrion in CWLS. Hence, 

even if livestock is not preyed on by dogs, there are substantial chances of scavenging. 
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Other recent studies have also found the same trends wherein livestock constitutes the 

major part of the diet of dogs (Butler and du Toit 2002; Home et al. 2017). The 

availability of wild prey items in the diet indicates that the dogs were in competition with 

sympatric carnivores and scavengers (Vanak and Gompper 2009; Ghoshal et al. 2016). A 

dietary study conducted in Africa confirmed that dogs surviving mainly on human 

subsidies and carrion were in competition with vultures and other carnivores (Butler and 

du Toit 2002). Nonetheless, several studies have described dogs as being a prey item for 

other major carnivores in intraguild predation (antagonist interactions) (Gade-Jorgensen 

and Stagegaard 2000; Vos 2000; Butler et al. 2004; Athreya et al. 2014). A comparison 

of diet studies carried out in Asia shows that the consumption of livestock and cattle by 

dogs in Ladakh is high. Perhaps the close proximity to human provides more chances to 

scavenge on carrion, with a small part of the diet coming from wildlife (Appendix 6.5).  

Conversely, other sympatric carnivores mainly consumed wild species. The 

maximum sheep and goat consumption was recorded in Mongolia and the maximum 

cattle consumption in India, both by the snow leopard, indicating obvious conflicts 

between humans and snow leopards (Appendix 6.4). To date, there is a dearth of studies 

on intraguild competition in sympatric carnivores in the Indian Trans-Himalaya; hence, 

my results are unable to describe the actual situation in the present study site. The limited 

occurrence of down feathers in the scats was one of the limitations of my study. Because 

of this limitation, I was unable to identify most of the bird feathers beyond the order 

level. The presence of Anseriformes and Passeriformes items, in addition to human 

subsidies, in the scats indicates that the dogs were also dependent on wild bird species. 

The impacts of dogs can be very severe, for instance, endangered birds such as the black-
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necked crane are under threat due to increasing populations of dogs around wetlands 

(Naoroji and Sangha 2011). Since poultry rearing has never been practiced in 

Changthang, the poultry leftovers were generated from chickens brought from Leh 

market by the local people for their consumption. In contrast, in the neighbouring district 

of Kargil, poultry is an essential part of the diets of the locals and foxes. Kargil is a dog-

free area owing to different religious views (Reshamwala et al. 2018). The wildlife in 

CWLS is dominated by the kiang, followed by the blue sheep (Chundawat and Qureshi 

1999; Bhatnagar et al. 2006), and the argali and Tibetan gazelle are sparsely distributed, 

and their numbers are small (Namgail et al. 2007c; Bhatnagar et al. 2007). Similar 

patterns were recorded in the present dietary analysis of dogs in terms of occurrence of 

mammal species. 

Being a facultative scavenger, the dog explores the possibilities of food via 

various modes equally, and my study confirmed that HDM, carrion, plants, etc. were 

items in the dogs’ diet. Availability of garbage along with livestock affects predation by 

dogs (Home et al. 2017). Akin to foxes, dogs also consumed a range of HDM items 

including plastic, polythene and rubber items in the Ladakh region (Reshamwala et al. 

2018). Unmanaged garbage in parts of CWLS acts as open food reservoirs for dogs. Dogs 

congregated around defence camps most of the time and received subsidies from such 

infrastructure. Even scraps such as undigested sanitary napkins, currency notes and cloth 

pieces were found to have been eaten by dogs. Dogs dependent on leftovers and dumps 

hunt prey species more often than do satiated pet dogs, which receive more nutrition 

(Silva-Rodriguez and Sieving 2012). 
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My results from questionnaire survey show that mostly local pastoralists were 

impacted by free-ranging dogs in terms of livestock loss and attacks on humans. The 

same pattern has been reported in the Spiti region of Himachal Pradesh, where livestock 

predation by dogs was a key reason for negative interactions (Home et al. 2017). 

Interview-based surveys in Europe and the Americas yielded similar results in places 

where dogs preyed on livestock (Ciucci and Boitani 1998; Schüttler et al. 2018; 

Montecino-Latorre and San Martín 2018). Nevertheless, free-ranging dogs still have 

social acceptance among the local communities in Ladakh; however, this attitude might 

change in the near future with increasing negative interactions. Since Ladakh is a 

Buddhist-dominated area, religious beliefs prevent locals from retaliating against 

carnivores here (Bhatia et al. 2017). It also emerged from my questionnaire survey that a 

few individuals (4%) support the culling of problematic dogs. 

Questionnaire studies have revealed the negative impacts of dogs on wildlife in 

India and other parts of the world (Home et al. 2017; Schüttler et al. 2018; Villatoro et al. 

2019). Dogs play a key role in disease transfer, which can affect humans, wildlife and 

livestock (Daszak et al. 2000). Free-ranging dogs account for 99% of the cases of rabies 

transmission worldwide (WHO 2004), and they can transmit more than 60 other zoonotic 

diseases (Beck 2000; Reece 2005). A few of respondents were aware of disease 

transmission by dogs and of vaccination of dogs. Dogs often spread the canine distemper 

virus (CDV) to wildlife (Cleaveland et al. 2000), and they particularly pose a severe 

threat to endangered species (Laurenson et al. 1998; Seimon et al. 2013). In Asia, the 

highest incidence of rabies found in India, Bangladesh and Pakistan (WHO 2001), and 

about 36% of all human rabies deaths occured in India (Dutta 1999). The rabies virus is 
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more common in male dogs, and thus male dogs account for 59–70% of all bites (Wright 

1991). Suraweera et al. (2012) found that about 97.1% of the rabies deaths in India were 

due to dog bites. Jhala and Giles (1991) reported that wolves in the arid Indian landscape 

were prone to infectious diseases such as rabies, canine parvovirus, distemper, canine 

hepatitis and faced competition from feral dogs. During informal interviews with 

respondents, I found that compensation for livestock loss to carnivores was a key issue. 

Usually, the wildlife department of Leh District provides compensation for livestock lost 

to carnivores such as the wolf and snow leopard. However, compensation for livestock 

lost to free-ranging dogs was not a matter of concern for the wildlife department because 

these problematic dogs are not wild species, and they are a nuisance for wildlife that the 

department has yet to manage. It could be argued that the compensation scheme itself has 

pros and cons. Hence, many studies have suggested alternative ways to cope with 

negative human–wildlife interactions (Mishra 1997; Naughton‐Treves et al. 2003; 

Dickman et al. 2011). Livestock depredation was a key factor in the negative attitude of 

local people towards free-ranging dogs. Economic loss due to livestock death further 

influences the economics of the respondents’, therefore, their attitude.  
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Chapter 7: Land-Use and Land-Cover change in 

wetlands 

7.1. Introduction 

Worldwide, increasing human-induced disturbances have enhanced the rate of land-use 

change and affected native habitat and biodiversity (Collinge 1996; Newbold et al. 

2015). Land-Use and Land-Cover (LULC) changes are no more considered as local 

environmental issues. Habitat degradation, fragmentation and loss are three different 

forms of habitat destruction (Hunter and Gibbs 2007). The world has witnessed a loss of 

33% of the wetlands till 2009, mostly in the Asian continent (Hu et al. 2017). About 

87% of natural inland wetlands have lost from 17th century to 20th century (Davidson 

2014). In contrast, artificial wetlands have increased over the years (Swift 1964; 

Davidson 2014), only China has witnessed an increase of 122% in artificial wetlands 

(Niu et al. 2012). In the events of climate change and anthropocene, future predictions 

are even  worse as 22% of the world’s wetlands could be lost, of which 70% coastal 

wetlands could vanish till 2080s (Nicholls et al. 1999). Alteration of wetlands into 

agriculture lands was the key cause of wetlands loss in the 19th century (O’connell 

2000). In Europe, 65% of the important bird areas (IBAs) have witnessed the change of 

wetlands into agriculture lands (Heaths and Evans 2000). Such changes in wetlands 

might cause a change in species’ ecological functions (Erwin 2009).       
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India has 58.29 million hectares (mi. ha.) of the area under wetland category, of 

which 32.39 mi. ha. falls under manmade wetlands and 19 mi. ha. as under natural 

wetlands (Ramsar Bureau 2008). Many wetlands are prone to land-use changes 

(agriculture alteration and deforestation), climate change, hydrologic alteration, 

industrial and domestic pollution, habitat encroachments, excessive cattle grazing, 

tourism, illegal hunting of waterbirds and over-exploitation of their natural resources 

(Foote et al. 1996; Li et al. 2009; Bassi et al. 2014). Wetland ecosystems such as rivers, 

lakes, marshes and coastal estuaries provide many benefits for human well-being. People 

living in close proximity to wetlands depend partially or entirely on wetland ecosystem 

services (Mitsch et al. 2015). These include water supply, water purification, flood 

regulation, coastal protection and cultural and recreational services (USEPA 2002; 

Clarkson et al. 2013). 

In an inventory of Indian Himalayan wetlands, a total of 8292 wetlands were 

identified, out of which, 2240 wetlands were present in the state of Jammu and Kashmir 

(J&K), covering around 3915.01 km
2
 of area (Panigrahy et al. 2012). In Ladakh, a total 

of 968 lakes (above 3000 m) have been identified by SAC (2012), of which, 925 exist in 

Leh district covering around 1033.74 km
2
 area. Furthermore, 12 major lakes (>5 km

2
) 

occupy 92% of the total water of lakes in Leh district (Panigrahy et al. 2012). The 

Trans-Himalayan wetlands are an oasis of productivity and have significant conservation 

value, particularly as breeding grounds for the globally threatened black-necked crane 

and other key waterbird species breeding in the region (Humbert-Droz 2000, Hussain 

and Singh 2001, Hussain and Pandav 2008).  
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The wetlands in J&K provide livelihood and play a significant role in the 

socioeconomic status of local communities. Catchment areas of many lakes are 

extensively used for paddy cultivation and fishery. In Ladakh, large wetlands consisting 

serene landscape of the Changthang region is a popular tourist destination. The lake 

basins are grazing grounds for both domestic livestock and wild ungulates such as kiang 

(Hussain et al. 2008). Realizing the ecological and aesthetic value of the wetlands, the 

Department of Wildlife Protection, J&K, has identified 15 wetlands across the three 

regions of the state to be protected as Wetland Reserves in accordance with the J&K 

Wildlife (Protection) Act, 1978. The Government of India has notified Wular, Hokersar 

and Tso Moriri as wetlands of national importance. Tso Moriri, one of the Trans 

Himalayan wetlands was designated as RAMSAR wetland declared in 2002 

(www.ramsar.org). Considering rich avi-faunal diversity of Changthang, wetlands such 

as Chushul, Tsokar, Pangong and Tso Moriri have been declared as Important Bird 

Areas (IBAs) (Islam and Rahmani 2004). 

Wetland mapping is an imperative tool for understanding wetland functions and 

monitoring wetland response to natural and anthropogenic factors. Remote sensing and 

GIS has been widely used to evaluate land-use change, in decisions and monitor the 

effectiveness of mitigation efforts (Muller et al., 1993; Rebelo et al., 2009). Change 

detection studies help out in assessing change in landscape on the temporal scale 

(Gibson and Power 2000). Wetlands are often affected by increased surface flows in 

urban or suburban areas with high densities of impervious surfaces (i.e., buildings and 

paved surfaces) (Ehrenfeld 2000; Mitsch and Gosselink 2000; Wang et al. 2001). Also, 
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landscape-scale mapping of these patchy habitats help to understand the population 

dynamics of faunal species (Semilitsch and Bodie 1998).  

Recently, an atlas of high altitude lakes of India has digitized important Ramsar 

wetlands using NDVI, NDWI and NPI indices with LISS images (Panigrahy et al. 

2012). Mostly wetland based research in India has been conducted on the limnological 

aspects and ecological/environmental economics of wetland management. Wetland loss 

is considered being the prime threat to waterbirds across the globe (O’Connell 2000). 

But, the hydrological and land-use changes in the catchment and socioeconomic 

processes leading to limnological changes have not been explored substantially (Bassi et 

al. 2014). Moreover, wetland centric tourism in CWLS during the last few years has put 

an extra pressure on this landscape (Genelitte and Dawa 2009; Humbert-Droz 

2017). Hence, studying status of wetlands was imperical in CWLS. 

7.2. Methodology 

7.2.1. Data acquirement and image processing 

The wetlands in CWLS were classified by using satellite data of Landsat 8 and Landsat 

5 image data (30 m resolution) sufficed the essential scale of my objective to assess 

change in LULC (Table 7.1). I downloaded respective images from online open-access 

source https://earthexplorer.usgs.gov/, a United State Geological Survey Database 

(Woodcock et al. 2008). The land use land cover for the present scenario was done using 

supervised classification aimed to classify CWLS, Landsat 8 Operational Land Imager 
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(OLI) with image resolution of 30 meters. The past scenario was classified using 

Landsat 5 Thematic Mapper (TM) with image resolution of 30 meters (Appendix 7.1).  

 The LULC was categorised in seven broad classes (i) Waterbody (ii) Barren (iii) 

Rocky (iv) Sand (v) vegetation (vi) Marsh (vii) Snow. I included grass and scrubland 

under ‘vegetation’ land cover class and wet meadows, bogs, shallow pools and wet 

riverine beds were included under ‘marsh’ class. The barren cover was differentiated 

based on a relatively flat surface with stones and pebbles and the area with sandy soil 

and salt was characterized separately as sand class. Rest of the features like mountains, 

hills and hillocks with hard stone shapes and structures were considered under rocky 

class. 

Table 7.1. Description of images used for classification 

 

 

SN Image detail Acquisition Date Sensor 

1 LC08_L1TP_146036_20140820_2017420_01_T1 20 Aug 2014  

Landsat 8 

Operational land 

imager (OLI) 

2 LC08_L1TP_146037_20140820_2017420_01_T1 20 Aug 2014 

3 LC08_L1TP_147037_20140928_20170419_01_T1 28 Sep 2014 

4 LC08_L1TP_147036_20130621_20170503_01_T1 21 Jun 2013 

1 LT5_146037_1994_273ISP00 30 Sep 1994  

 

Landsat 5 

Thematic Mapper 

(TM) 

2 LT5_147036_1994_296ISP00  30 Sep 1994 

3 LT5_147037_1994_264ISP01  21 Sep 1994 

4 LT05_L1TP_146036_19940813_20170113_01_T1  13 Aug 1994 

5 LT05_L1TP_146038_19940930_20170112_01_T1  30 Sep 1994 

6 LT05_L1TP_146038_19940914_20170112_01_T1  14 Sep 1994 
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7.2.2. Supervised Classification 

Ground truthing was conducted from May 2013 to August 2014 during the fieldwork of 

CWLS. Ground validation points were collected using Garmin Etrex GPS 10 with ± 3 

meter accuracy of the device and collected points were used for LULC confirmation of 

various classes during the supervised classification of 2014 image. An image of 2013 

was taken as a surrogate due to the unavailability of 2014 image for the same area. I 

used polygons (training areas AOI) using a homogenous cluster of pixels from each 

class to create a unique signature. Training polygons of different classes were taken into 

consideration for classification. Training polygons were representative of all classes and 

different condition of each class maintaining the same pixel on the edges. Subsequently, 

I used Maximum Likelihood estimator for supervised classification. Supervised 

classification accuracy was tested using Kappa Statistics (Khat coefficient) (Lillesand 

and Kiefer 1994). The classification for analysis was carried out using ERDAS Imagine 

2015. 
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Table 7.2. Characteristics of LULC classes 

SN LULC class Colour Texture/ Shape Image reference 

1 Waterbody Dark blue or blue Smooth/ Irregular 

 

2 

Barren 

(plain, 

moderately flat) 

Grey Smooth/ Irregular 

 

3 Rocky 
Grey, Blackish 

brown 
Rough/ Irregular 

 

4 Sand Light Pink Smooth/ Irregular 

 

5 
Vegetation 

(grass/scrub) 
Red, Reddish Brown 

Patchy or Rough/ 

(Ir)regular 

 

6 
Marsh (bog/ wet 

meadow) 
Red 

Smooth or Patchy/ 

Irregular 

 

7 Snow White Smooth/ Irregular 
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7.2.3. Change detection (1994 and 2014) 

For analyzing changes in and around the catchment of these wetlands, I determined 

changes in land use land cover over two time periods (1994 and 2014). To determine 

changes in LULC, I used the post-classification change detection technique using pixels. 

The change detection analysis was performed in ArcGIS 10. Software.  Subsequently, 

change in the area (percentage) of each class was calculated using the formula given 

below-  

 

where, Ca denotes changes in initial year and Cb denotes changes in recent year. 

7.3. Results 

7.3.1. Image interpretation: False Colour Composition (FCC) 

In 1994 image, Band combination 4 (Near Infrared, (NIR)), 3 (Red) & 2 (Green) was 

used to denote FCC image and subsequently used in the image classification. In 2014 

image, Band combination, 5 (Near Infrared, (NIR)), 4 (Red) & 3 (Green) FCC was used 

for supervised classification (Fig. 7.1).   

7.3.2. LULC pattern of CWLS during 1994 

The LULC was classified through supervised classification using Landsat-5 TM image 

of year 1994 (Fig.7.2). The area was found to be dominated by rocky land followed by 

vegetation. The total marsh area was found 0.39% of total area (73.13 km
2
), 2% of water 
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(376.39 km
2
), 73.42% of rocky (13811.22 km

2
), 5.65% of barren (1062 km

2
), 9.48% of 

vegetation (1783.74 km
2
), 2.85% of sand (535.97 km

2
) and 6.22% of snow (1169.24 

km
2
) (Fig. 7.3). I obtained about 86.17% accuracy of the supervised classification of 

image with 0.8332 Kappa statistics value.  

7.3.3. LULC pattern of CWLS during 2014 

For year 2014, Landsat-8 OLI sensor image was used for image classification (Fig. 7.2) 

and 0.89% of the total study area was identified as marsh (167.01 km
2
), 2.02% as water 

(380.45 km
2
), 76.30% as rocky (14348.62 km

2
), 3.30% as barren (621.23 km

2
), 8.73% 

as vegetation (1641.67 km
2
), 2.14% as sand (402.57 km

2
) and 6.62% was snow (1244.92 

km
2
) (Fig. 7.3; 7.4). Overall, 85.39% accuracy assessment for LULC classification was 

obtained with value of 0.667 Kappa statistics.   
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Figure 7.1. False Colour Compostion (FCC) Imgaes of 1994 and 2014 of CWLS 
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Figure 7.2. Land Use Land Cover maps of 1994 and 2014 of CWLS
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Figure 7.3. Area under each land cover class during 1994 and 2014 

 

 

Figure 7.4. Area of marsh and water during 1994 and 2014 

 

7.3.4. Change detection (1994-2014) 

The maximum change was observed in class rocky, which increased about 2.86% 

during the gap of two decades. In wetland habitat classes (marsh and waterbody), 
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there was a slight increase of 0.50% in marsh area. Snow also witnessed an increase 

of 0.40% and 0.02% increase in water area in the total study area. Conversely barren 

(2.34%), sand (0.71%) and vegetation (0.76%) classes showed decrease in CWLS 

(Fig. 7.5).  

 

Figure 7.5. Land Use Land Cover change of two decades (1994-2014) 

 

Table 7.3 and Fig. 7.6 provide the detail of the changes of each class into 

other classes with respect to area and percentage. The class specific changes were 

also calculated in the present study where 87.24% of 13818 km
2
 rocky area was 

unchanged from 1994 to 2014 followed by 6.45% (891.07 km
2
) into vegetation, 

2.41% (332.40 km
2
) into snow, 2.11% (291.77 km

2
) into barren, 1.38% (190.02 km

2
) 

into sand, 0.28% (38.66 km
2
) into marsh, 0.10% (13.40 km

2
) into waterbody and 

0.04% (5.35 km
2
) into uncertain class respectively. Out of 535.97 km

2
 of sand, less 

than half 28.88% (154.79 km
2
) was unchanged, the maximum of 62.63% (335.66 
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km
2
) sand class changed into rocky followed by 3.18% into barren (17.03 km

2
), 

1.83% into vegetation (9.81 km
2
), 1.63% into marsh (8.74 km

2
), 1.36% into snow 

(72.8 km
2
), 0.44% into water (2.34 km

2
) and 0.06% into uncertain (0.31 km

2
) class 

respectively. Out of 1057.47 km
2 

of barren area, only 27.73% (293.27 km
2
) remained 

the same, whereas maximum 65.98% barren changed into rocky (697.76 km
2
) 

followed by 4.66% into sand (49.29 km
2
), 1.11% into vegetation (11.75 km

2
), 0.25% 

into snow (2.60 km
2
), 0.14% into water (1.47 km

2
), 0.09% into marsh (0.93 km

2
) and 

0.04% into uncertain (0.40 km
2
) class respectively.  

Table 7.3. Transition matrix of area (km
2
) each class into other classes from 

1994 to 2014 in Changthang Wildlife Sanctuary, Ladakh 

LULC 1994 

Rocky Sand Barren Vegetation Marsh Snow Waterbody Uncertain 

 

 

 

 

2014 

Rocky 12055.39 335.66 697.76 961.83 10.82 274.28 11.30 1.58 

Sand 190.02 154.79 49.29 6.94 0.56 0.08 0.87 0.04 

Barren 291.77 17.03 293.27 18.82 0.09 0.04 0.03 0.18 

Vegetation 891.07 9.81 11.75 713.57 14.35 0.58 0.43 0.11 

Marsh 38.66 8.74 0.93 69.37 47.01 0.04 2.26 0.00 

Snow 332.40 7.28 2.60 9.16 0.22 892.65 0.41 0.20 

Waterbody 13.40 2.34 1.47 0.80 0.83 0.61 360.99 0.00 

Uncertain 5.35 0.31 0.40 0.40 0.01 0.97 0.08 17065.51 

Total 13818.06 535.96 1057.47 1780.89 73.89 1169.25 376.37 17087.42 

 

In wetland related classes (marsh and waterbody), a total of 73.90 km
2
 area of 

marsh, 63.61% (47 km
2
) marsh remained the same from 1994 to 2014, 19.42% 
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(14.35 km
2
) marsh changed into vegetation followed by 14.65% (10.82 km

2
) into 

rocky, 1.13% (0.83 km
2
) into water, 0.76% (0.56 km

2
) into sand, 0.30% (0.22 km

2
) 

into snow, 0.13% (0.09 km
2
) into barren and 0.01% (0.01 km

2
) into uncertain. Out of 

376.37 km
2
 area of water, 95.91% remained the same and maximum change was 

recorded into rocky 3% (11.30 km
2
), followed by marsh 0.60% (2.26 km

2
), 

vegetation 0.11% (0.43 km
2
), snow 0.11% (0.41 km

2
), uncertain 0.02% (0.08 km

2
) 

and barren 0.01% (0.03 km
2
) respectively.  

 

Figure 7.6. Change in the area (%) of each class into other classes from 1994 to 

2014  

 

Out of total 1780.90 km
2
 area in the vegetation class, 40.07% remained 

unchanged; however, half of the vegetation 54.01% (961.83 km
2
) converted into 

rocky class followed by 3.90% (69.37 km
2
) into marsh, 1.06% (18.82 km

2
) into 

barren,  0.51% (9.16 km
2
) into snow, 0.39% (6.94 km

2
) into sand, 0.05% (0.80 km

2
) 
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into water and 0.02% (0.40 km
2
) into uncertain respectively. Out of 1169.24 km

2 
area 

of snow, most of the snow 76.34% (892.65 km
2
) remained unchanged, followed by 

23.46% (274.28 km
2
) into rocky, 0.08% (0.97 km

2
) into uncertain class, 0.05% (0.58 

km
2
) into vegetation, 0.05% (0.61 km

2
) into waterbody and 0.01% (0.08 km

2
) into 

sand, whereas no conversion into barren class was recorded. The uncertain class 

completely remained unchanged during the two decades analysis.   

The visible changes in the extent of wetlands have been recorded in small and 

large wetlands like Staklung and Hanle respectviely (Fig. 7.7& 7.8). For instance in 

large wetland like Hanle, the land cover has interchanged into the vegetation and 

marsh.  
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Figure 7.7. Change in the vegetation and marsh area in Hanle wetland complex 

during 1994-2014 

 

In small wetland like Staklung, extent of wetland has increased over two 

decades. Here marsh has extended on northern side and occupied previous grass 

covered patch on south-west portion. During summers various waterbirds utilize this 

wetland including the black-necked crane. 
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Figure 7.8. Change in the vegetation and marsh area in Staklung wetland 

during 1994-2014 

 

7.4. Discussion 

Overall, results showed an increase in wetlands’ area of CWLS mostly due to 

increase in water and marsh in some wetlands. Previous studies also confirmed 

change in the water level of the lakes in this landscape, of which Pangong, Kyagar 

Tso and Tsokar showed an increase in water level (Srivastava et al. 2013).  In Kyun 

Tso I & II, water level of lakes have also increased over the years. The small and 
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large both types of wetlands have witnessed a change in land cover over the two 

decades. For example, few marsh patches have been altered into the fenced 

grasslands and willow plantations for supplementing demand of local communities in 

Hanle. However, most of the vegetation class has changed into marshland. The 

vegetation has increased in Tso Moriri, and Chushul which could be due to increase 

in plantation and cultivation area. The wetlands in high altitudes are mostly fed by 

glacier run-off rather than rainfall (Bookhagen 2016). Many glaciers of Himalayan 

and Trans-Himalayan region have witnessed depletion and drastic change in snow 

line (Bolch et al. 2012; Schmidt and Nüsser 2017). However, over the two decades, 

snow cover almost remained the same as the earlier and there was minute (<0.50%) 

increase in snow cover in CWLS which could be due to seasonal variation or annual 

fluctuations. Evidences showed that there was an increase in the flash floods and 

rainfall in Ladakh during last few decades (Ziegler et al. 2016; 

www.worldweatheronline.com) which could be a reason of increase in water 

availability in wetland habitats. Studies have shown that climate change may not 

necessarily decline extent of wetlands; thrmokarst and thawing can form new 

wetlands and interchange vegetation classes of wetlands in Tundra habitats (Gorham 

1991; Gossman and Taylor 1996). Recent study has shown a siginificant increase in 

subnival vegetation between areas of 5000-5500 m a.s.l. in Hindu Kush Himalaya, 

(Anderson et al. 2020).   

Apart from Changthang, a detailed LULC mapping of a small part of Nubra 

valley was done with the LISS III data (Joshi et al. 2005). In Changthang, LULC 

change study has only restricted to Tso Moriri, revealed that there was an increase in 
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the area of vegetation, grassland and agriculture but decrease in waterbody size over 

15 years gap (Gupta and Shukla 2016). However, vegetation phenology in Tsokar, 

Tso Moriri and Pangong haven’t showed much variation over the years (Bagchi et al. 

2017). Being a Trans Himalayan arid zone, most of the area (82%) falls under rocky, 

barren and sand category. Only 10% of the green area exists which was comprised of 

marshland, grassland and scrubland, while the remaining area was covered by snow 

and water (8%). Usually, during summers, the marshy areas of CWLS hold 

maximum prominence value for graminoids followed by forbes (Rawat and Adhikari 

2006). In Ladakh, marshlands are comprised of species like Hippuris vulgaris, 

Myriophyllum verticillatum, Potamogeton pectinatus, Ranunculus spp., Kobresia, 

Carex, Blysmus, Poa spp., Puccinellia spp. etc. (Rawat 2008). 

Over two decades, landscape has not changed much, the small infrastructure 

development has taken place in specific sites which could not be depicted on this 

scale. Temporary tourist camps pitched at predefined locations during each summer 

season which has also increased many folds (Chapter 5). However, the seasonal 

tourism has increased many folds and tourism sector has affected lacustrine wetlands 

(Humbert-Droz 2017). Mainly defense camps have also been constructed near 

wetlands due to availability of water and strategic locations near LAC with China.  

Unavailability of clear images of 1980s and 70s for the concurrent 

time/season was one of the limitations for this study. Usually, rapid seasonal 

variation in vegetation results in visible change in greenery. Another limitation of 

supervised classification was to classify settlement and agriculture land. The 

reflectance of the settlement could not be segregated from other class due to pixel 
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mixing like barren/rocky/ sand as settlements were mostly made up of mud 

(especially roof tops). Also, size of the settlements was very small which could not 

be visible in pixel value. Agriculture class was also confusing with respect to 

vegetation and was not easy to classify separately as a new class due to pixel mixing. 
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Abstract The trans-Himalayan wetlands of India and

China are home to many breeding birds of conservation

significance. The ecological structure and functions of

these habitats are increasingly affected by anthropogenic

pressures. Black-necked crane (BNC) is one of the flagship

species of trans-Himalayan wetlands facing anthropic dis-

turbances. We examined the population status, breeding

ecology and factors affecting BNC in Changthang Wildlife

Sanctuary, Ladakh during 2016–2017. Seasonal population

monitoring of BNC was conducted using total count

method in 25 wetlands. The mean population size of BNC

was 66.33 ± 5.04 SE and 69 ± 4.51 SE in 2016 and 2017

respectively with no significant difference (95% CI). For

nesting, breeding pairs of BNC preferred palustrine wet-

lands, and avoided riverine habitats. Overall, nest survival,

hatching success, breeding success and recruitment rate of

BNC was attributed to predation by dogs, nesting failure

due to thawing and unknown reasons. Water property,

water depth, presence of ungulates and free-ranging dogs

were found as important characteristics around nest-sites.

Control of dog population at the breeding sites, and nearby

human habitations using capture-neuter relocations and,

awareness among locals and defense personnel can

potentially contribute towards the conservation of this

charismatic species. Habitats of BNC should also be con-

served against increasing vulnerability from myriad

anthropogenic pressures to ensure their long-term survival

in the Indian trans-Himalaya.

Keywords Breeding failure � Disturbance � Free-ranging
dogs � Predation � Wetland

Introduction

Globally, various species and ecosystems are facing threats

due to anthropogenic factors (Sanderson et al. 2002). Pre-

vious studies have pointed out that land use changes for

construction of dams, agricultural expansion, rapid indus-

trial development, domestic and industrial pollution, and

expansion of human settlements play major role in degra-

dation of ecological integrity of natural ecosystem (Li et al.

2009; Gopal 2013; Bassi et al. 2014). Wetlands are one of

the ecosystems that are being degraded at a high rate and

warrant immediate conservation attention as more than

50% of the wetlands have been vanished in last century

(Ma et al. 2010). To address the issue, strategic assess-

ments of type, scale and intensity of pressures on wetlands

need to be conducted, which can contribute to effective and

policy-smart actions and decisions that focus on their

conservation and restoration (Bassi et al. 2014; Reis et al.

2017).

Almost all climatic and biogeographic zones in south

Asian region have wetlands with unique characteristics

which provide refuge to critical waterbird species during

their annual migration in India and Tibet (Gopal and

Krishnamurthy 1993; Prins and Namgail 2017). In recent

past, about 80% waterbird populations have shown decline
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in the Asian flyways (Li et al. 2009), for which high alti-

tude wetlands act as stopover and breeding sites (Namgail

et al. 2017). Multiple site-specific factors have altered the

behaviour and habitat of species, and environmental factors

compelled smaller waterbird population towards extinction

(Shaffer 1981; Wang et al. 2018). Understanding the

demography and breeding behaviour of threatened species

is thus, imperative to their survival and conservation

(Donovan et al. 1995; Wu et al. 2009; Zhang et al. 2017a).

Cranes (family Gruidae), often serve as biological indica-

tors for ecological health of wetland ecosystems (Walkin-

shaw 1989), are facing various threats due to climate

change complexities and human induced disturbances

(Harris and Mirande 2013).

The black-necked crane (BNC) Grus nigricollis has

been listed as ‘‘Near Threatened’’ on the IUCN Red List

and breeds only in high plateau wetlands of China and

India (BirdLife International 2020). Globally, their popu-

lation is around 6600–6800 individuals and they are in

continuous decline (BirdLife International 2020). India has

a small population of BNC (\ 150) in Ladakh, Sikkim and

Arunachal Pradesh (Chandan et al. 2014), of which trans-

Himalayan wetlands in Ladakh are the only key breeding

habitats of BNC outside China (Gole 1981). Owing to its

dwindling status, BNC is legally protected as a Schedule-I

species under the Indian Wild Life (Protection) Act, 1972.

It is considered sacred and a harbinger of prosperity among

the Buddhist communities of Tibet, Bhutan and India

indicating its cultural value. In view of ecological and

cultural importance of BNC in the Union Territory of

Ladakh, it has been declared as the ‘state bird’.

BNC is a territorial and monogamous species with long

lasting bonding pair (Johnsgard 1983) and it prefers

biparental incubation (Zhang et al. 2017b). Usually, cranes

including BNC lay two eggs but are also known to be

indeterminate layers if the first breeding attempt fails

(Sauey and Brown 1977). In recent times, the increasing

impact of humans and climate change are key conservation

threats to BNC and its wetland habitats (Song et al. 2014;

Han et al. 2018). Further, several factors influence breeding

success of BNC such as habitat type, the location of nesting

site, and disturbance factors including the presence of

human, free-ranging dogs (Canis lupus familiaris) and

livestock (Zhang et al. 2017a). Previous studies have

explored the breeding ecology of BNC in India and China

indicating threats to their offspring (Wu et al. 2009; Zhang

et al. 2017a, b; Chandan et al. 2006).

The trans-Himalayan region of Ladakh has not only

witnessed an increase in population of BNC over last two

decades, but also recorded an exponential growth in human

footprint (Chandan et al. 2014). Increasing demand of

tourism and defense related developmental activities have

induced land-use changes in and around BNC habitats

(Hussain 2003; Humbert-Droz 2017; Hussain et al. 2018).

Similarly, unprecedented growth in population of free-

ranging dogs has also increased predation risk on chicks

and eggs of BNC (Chandan et al. 2006; Naoroji and Sangha

2011). Considering such factors as threats to the long-term

survival of BNC in India, a systematic study was conducted

to understand the ecology of BNC in Ladakh. We assessed

population status, breeding ecology and evaluated factors

affecting breeding performance of BNC in Changthang

Wildlife Sanctuary (CWS), Ladakh.

Material and Methods

Study Area

CWS is an Indian trans-Himalayan protected area in

Ladakh, extended over 4000 km2 area with 25 major

palustrine, lacustrine and riverine wetlands (34� 790–33�
790 E and 78�–79� N) (Fig. 1A). This rocky arid region

receives\ 100 mm rainfall annually (Gujja et al. 2003),

resulting in low plant productivity (Rawat and Adhikari

2005). The temperature fluctuates between - 40 to ?

30 �C in winters and summers, respectively (Mishra and

Humbert-Droz 1998). The present study was focused on 25

freshwater, brackish and saline wetlands of CWS situated

between altitudes of 4100–5200 m a. s. l. (Hussain et al.

2008). Considering the global importance of these wet-

lands, Tso Moriri and Tso Kar wetlands of CWS have been

constituted as RAMSAR sites (RAMSAR 2020). Besides

BNC, these wetlands are also major breeding habitats of

bar-headed goose (Anser indicus) and ruddy shelduck

(Todorna ferruginea) in India (Pfister 2004). CWS also has

scanty population of the local transhumance community

called Changpa, which resides in extreme climatic condi-

tions and survive mainly on pashmina wool trade (Bhasin

2012). Due to sharing of international boundary with

China, CWS also has significant presence of defense for-

ces, related infrastructure and wide networking of asphalt

and dirt roads. During summer season, millions of domestic

and international tourists arrive in CWS to sight pic-

turesque lakes and mountains which pose additional pres-

sure on this fragile ecosystem (Humbert-Droz 2017).

Data Collection

Prior to field work, we thoroughly reviewed existing lit-

erature on BNC distribution in Ladakh (Osmaston 1925;

Hussain 1985; Hussain and Pandav 2008; Hussain et al.

2008; Chandan et al. 2014) and carried out reconnaissance

surveys of previously documented sites. Subsequently, we

carried out seasonal counts of BNC in 25 wetlands of CWS

during 2016–2017 using total count method for population

Proc Zool Soc

123



estimation (Fig. 1A). Overall, 275 fixed points were sur-

veyed in 25 wetlands throughout two years during three

seasons, i.e. spring, summer and autumn using multiple

observers (preferably two or three). A minimum distance of

400 m was maintained between two nearest survey points.

We fixed these distances based on our reconnaissance

surveys. At each site, the entire periphery of wetland was

either walked or covered by vehicle (as per the field con-

ditions). We recorded the flock size and divided the

sighting records in three classes: (1) adult, (2) sub-adult

and (3) juvenile. Adults were segregated into two cate-

gories based on evidence of breeding (presence of juvenile

and nest) and non-breeding. Individuals recorded in close

vicinity (\ 100 m) were considered as a flock. However,

we could not differentiate between individuals based on the

sex due to monomorphism in BNC.

To monitor the breeding success, each nest-site was

visited in all three seasons within an interval of 15 days

(May to October). We collected data on clutch size, nesting

stage, initiation date and fate (success/failure) (Fig. 1B, C).

Nesting was monitored using spotting scope (Nikon Field

Scope ED50), and each location was marked on GPS

etrex10. In addition, we collected information on presence

(direct sighting) of dogs, tourists and ungulates. Any direct

observation within the vicinity (\ 300 m) of nest was

considered as a potential threat (Fig. 1D). We confirmed

dog predation by monitoring (morning and evening hours)

and opportunistic sightings. We also took assistance of

local pastoralists camping beside the nesting sites to

monitor activity of BNC, potential predators and nest sta-

tus. To avoid disturbance in incubation or nesting by our

team, we maintained a minimum distance of 300 m (based

on our calculated minimum approach distance) during

monitoring of nests or chicks. We closely approached nest-

sites (\ 1 m) only once during collection of basic water

parameters.

In 2016, we collected nine habitat parameters from 16

nest-sites under two categories (1) ecological and (2)

physiochemical. The habitat parameters like continuous

available habitat around nest-site for foraging, elevation of

nest-site (m), water depth (cm), presence of ungulates near

nesting sites (total numbers), pH and total dissolved solids

Fig. 1 A Detailed map of surveyed wetlands in Changthang Wildlife

Sanctuary, Ladakh, India. B A breeding pair of Black-necked crane

nesting in Changthang. C A nest type of Black-necked crane

constructed with aquatic plants. D Free-ranging dog: a threat to

Black-necked crane (Photo: Neeraj Mahar)
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(TDS) (ppm) were collected. The water parameters were

collected using digital pH and TDS meter near nesting site

within one meter periphery of nest location. In anthro-

pogenic variables, distance to nearest settlements (vil-

lage/tourist/nomadic camp) and distance to road (asphalt or

dirt) from nest-site was recorded by range finder or GIS

domain. Total number of owned and unowned free-ranging

dogs within 200 m proximity to nests was also recorded.

Data Analysis

We represented seasonal abundance of BNC using stack

bars, and 95% confidence interval (CI) was used to test

significance in annual variation. The proportions of marsh,

lake and river available in the landscape were calculated

and used in the Ivlev’s Selectivity Index (Ivlev 1961; Wu

et al. 2009). The value of selectivity index varies

between - 1 and ? 1 indicating utilization of the micro-

habitat to its availability. The nest survival of BNC was

computed using Maximum Likelihood Estimator, Mayfield

estimator (Mayfield 1975; Johnson 1979). Daily survival

rate probability (dsr), nest survival chance (Ŝ), variance

and 95% CI were also calculated (Johnson 1979). The

annual recruitment rate was calculated using the method by

Bradter et al. (2005). Hatching success was estimated as

proportion of eggs which reached the stage of young

(Zhang et al. 2017a) and breeding success was calculated

as number of fledglings survived from total number of eggs

laid (Mukherjee et al. 2002). Non parametric Chi square

(v\Superscript[2\/Superscript[) test was used for testing

variation in nest distribution and site selection. Proportion

and causes of breeding failure on different nesting stage

(egg and chick) were also specified. Nest habitat parame-

ters such as the euclidean distances from nearest settlement

and road, and continuous habitat area available around the

nest-site were calculated using ArcGIS Software (Version

10.2, ESRI, Redlands, CA, USA). Principal component

analysis (PCA) was used to understand the habitat char-

acteristic around nest sites recorded in field surveys (Wu

et al. 2009). All analyses were performed in Microsoft

Excel 2010 and R 3.6.2. Core Team (R Core Team 2019).

Results

Population Status

With total survey effort of 45.84 h/season, BNC presence

was recorded in 19 out of 25 wetlands, of which 18 were

identified as breeding sites. The mean population of BNC

remained stable during two consecutive years of sampling

(2016–2017). In 2016, mean population was 66.33 ± 5.04

SE (95% CI 44.6–88), while it was 69 ± 4.51 SE (95% CI

49.60–88.40) in 2017 with no significant difference (95%

CI). The adult population was recorded slightly higher

during spring (n = 62) and autumn (n = 46) season of 2017

than 2016, while remained same during both the summers

(n = 58) (Fig. 2). In contrast, sub-adult population was

recorded higher during all three seasons in 2016

(spring = 8, summer = 7, autumn = 8) than in 2017

(spring = 3, summer = 4, autumn = 4) (Fig. 2). Mean

flock size of BNC was similar for both years, it was

1.74 ± 0.09 SE (range 1–4 individuals) in 2016 while

1.78 ± 0.13 SE (range 1–6 individuals) in 2017. A total of

29 and 31 pairs were recorded in 2016 and 2017, respec-

tively, of which 19 breeding pairs were recorded in 2016

and 21 breeding pairs recorded in 2017 (Table 1). A total

of 38 eggs were reported in 2016 and 42 were recorded in

2017. These eggs were mostly laid in the month of May

(73%) followed by June (25%), while only two eggs were

reported in the month of July (3%). Subsequently, 14 and

18 hatchlings were recorded during summer season of 2016

and 2017, respectively. Eventually, 11 chicks survived in

2016 and 14 in 2017 till autumn season.

Nest Habitat Selection

About 77% nests were found in marsh habitats followed by

lakes (20%) and rivers (3%). In wetland habitats, lakes

occupied around 64% of the area followed by marshes

(30%) and rivers (5%). The nest distribution was signifi-

cantly different in pooled analysis of two years in three

different microhabitats (v2 = 17.85, df = 2, P\ 0.001).

However, no annual variation in nest distribution was

found in the different microhabitats (v2 = 0.934, df = 2,

P[ 0.05) (Table 2). Ivlev’s selectivity index revealed that

the marsh habitats were selected in proportion across two

years, while lake and river habitats were avoided for

nesting. The lacustrine habitat was used in proportion to

availability in 2016 but avoided in 2017, while river habitat

was negatively selected across two years.

Breeding Performance

In 2016, 37% hatching success was recorded in 19 nests

with 14 hatchings. A total of 21 nests were monitored with

18 hatchings in 2017 with 43% hatching success. The

breeding success varied between 29 to 33% in 2016 and

2017, respectively. The annual recruitment rate was 16% in

2016, and 18% in 2017 (Table 1). We recorded

695.5–944.5 exposure days and daily survival probability

(dsr) of a nest was calculated as 0.982 in 2016 and 0.987 in

2017. In 2016, there was 21% chance of nesting success

(Ŝ), while 17% in 2017.

Up to 59% of breeding failure of BNC was attributed to

unknown reasons like potential predators (raven, raptors
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and fox) which were beyond the scope of documentation in

our study. Predation of eggs and chicks by free-ranging

dogs was the second major reason, and contributed

33–39% in breeding failure during 2016–2017, respec-

tively (Table 3). Dogs were also observed chasing adults

and sub-adults in Hanle and Rongo wetlands (Fig. 1D).

During monitoring across two years, thawing (melting of

glacier snow and rise in water level in the wetland) in Tso

Moriri and Tsegam Tso wetlands contributed 7–14% in

breeding failure during 2016–2017, respectively. In 2016,

mortality of total 3 chicks and 24 eggs was observed, while

in 2017, total of 4 chicks and 24 eggs was confirmed

(Table 3).

BNC used mean water depth (cm) of 14.05 ± 1.47 (SE)

for nesting in CWS. Water pH value was 9.19 ± 0.26 near

nest-sites and TDS (ppm) quality was 435.19 ± 88.73

indicating use of fresh and brackish water habitats

(Table 4). In PCA, about 86% of the variance was

accounted by the first 5 Principal Components (PC). About

33% variance in 9 variables explained by PC 1 axis fol-

lowed by PC2 (22.9%) and PC3 (13.5%). Water quality

(TDS) was mostly associated with PC1 with low ungulate

presence, water depth was correlated in PC 2, and factors

Fig. 2 Seasonal population

(total count) of Black-necked

Crane in Changthang Wildlife

Sanctuary, Ladakh, India during

2016–2017

Table 1 Reproductive parameters of Black-necked Crane [Hatching

success, breeding success, Recruitment rate, Daily Nest Survival

probability (dsr), % nest survival] in Changthang Wildlife Sanctuary,

Ladakh, India

Year 2016 2017 Mean ± SE

No. of nests 19 21 20 ± 1

No. of eggs laid 38 42 40 ± 2

No. of hatching 14 18 16 ± 2

No. of chick survived 11 14 12.5 ± 1.5

Hatching success (%) 37 43 40 ± 3

Breeding success (%) 29 33 31 ± 2

Recruitment rate (%) 16 18 17 ± 1

Exposure days 695.5 944.5 820 ± 124.5

dsr 0.982 0.987 0.985 ± 0.003

Ŝ % (95% CI) 21 (8–51) 17 (5–45) 19 ± 2

Table 2 Nest habitat selection (Ivlev’s Selectivity Index) by Black-necked Crane in Changthang Wildlife Sanctuary, Ladakh, India (2016–2017)

Year 2016 2017 Combined

Microhabitat Marsh River Lake Marsh River Lake Marsh River Lake

Availability 0.305 0.055 0.640 0.305 0.055 0.640 0.305 0.055 0.640

Nest observed 15 0 4 16 1 4 31 1 8

Nest expected 5.8 1 12.2 6.4 1.2 13.4 12.2 2.2 25.6

P\ 0.001

Selectivity index ? 0.44 - 1 - 0.5 ? 0.43 - 0.07 - 0.54 ? 0.43 - 0.37 - 0.52
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like elevation of nesting site and presence of dogs were

correlated to PC 3 axis (Table 4).

Discussion

Since early 1900s, BNC population has increased many

folds in Ladakh, from three individuals and one breeding

pair in 1919 (Ludlow 1920) to 44–88 individuals and 21

breeding pairs at present. A long-term study by Chandan

et al. (2014) recorded relatively higher number of BNC in

Ladakh (100–120 individuals) but less breeding pairs than

present study. However, aforementioned study only pro-

vided total annual counts while present study included

seasonal abundance variations. In our study, BNC popu-

lation remained stable across two years with maximum

individuals during summer, usually when juveniles fledged.

Less numbers were recorded during spring and autumn

attributed to seasonal to-and-fro migration of BNC

between India and Tibet. Global declining trend in the

population of BNC enhance the importance of the Ladakh

population, as it is the only breeding population outside of

Tibet (China). Despite a decline in the global population of

BNC, new breeding sites have been reported by recent

studies in India and China (Chandan et al. 2014; Han et al.

2015), but earlier that could be an artefact of limited sur-

veys and accessibility issues in high mountainous region.

The present study also confirmed that BNC has occupied

some new wetland habitats in CWS over the years. BNC

usually migrate during winters from CWS to lower valleys

of Tibet, but in a rare occasion, a pair of BNC remained at

Lam Tso wetland (CWS) for the entire winter (Chandan

et al. 2006). In our findings, distribution of BNC in Ladakh

was restricted to wetlands of the Changthang region,

occupying about 70% sampled wetlands as breeding or

foraging sites between 4100–5200 m and selected eleva-

tion\ 4800 m for nesting. BNC preferred palustrine and

lacustrine habitats for nesting and riverine habitat for nest-

site was used once, while grasslands were only used as

foraging habitat. In contrast, BNC in China mostly utilized

lacustrine habitats for nesting (Wu et al. 2009; Zhang et al.

2017a). Nest-sites were mostly influenced by water

parameters; BNC mostly used freshwater marsh habitats in

CWS. Apart from that, low ungulate presence and avail-

ability of large wetland area also played a crucial role.

Large connected wetland habitats perhaps provide ample

food resources and hideouts; hence were preferred for nest-

Table 3 Causes of breeding

failure in Black-necked Crane

Changthang Wildlife Sanctuary,

Ladakh, India (2016–2017)

Cause of failure Mortality stage Frequency % Per nest stage % Per failure

2016 2017 2016 2017 2016 2017

1. Unknown Egg 14 11 51.9 39.3 59.3 46.4

Chick 2 2 7.4 7.1

2. Predation by dogs Egg 8 9 29.6 32.1 33.3 39.3

Chick 1 2 3.7 7.1

3. Thawing Egg 2 4 7.4 14.3 7.4 14.3

Chick – – – –

Total 27 28 100 100 100 100

Table 4 Principal component

analysis (PCA) of variables

describing the habitat of

recorded nest sites of Black-

necked Crane in Changthang

Wildlife Sanctuary, Ladakh,

India

PC1 PC2 PC3 PC4 PC5

% Of variance 32.9 22.9 13.5 10 6.86

% Of cumulative proportion 32.9 55.8 69.3 79.2 86.1

Standard deviation 1.72 1.44 1.10 0.95 0.79

Variable (mean ± SE)

Area (17.57 ± 7.96 sq. km) 0.320 0.175 - 0.293 0.683 - 0.231

Elevation (4405 ± 47 m. asl) - 0.394 0.310 - 0.391 0.064 0.074

No. of dogs (0.69 ± 0.22) - 0.151 - 0.442 - 0.370 - 0.240 - 0.663

No. of ungulates (3.69 ± 1.75) 0.480 0.154 - 0.072 - 0.026 - 0.089

Distance to settlement (2809 ± 835 m) 0.069 0.566 0.066 - 0.147 - 0.596

Distance to road (1418 ± 855 m) 0.104 0.278 - 0.690 - 0.347 0.0351

Water depth (14.05 ± 1.47 cm) - 0.271 0.495 0.336 - 0.032 - 0.024

pH (9.19 ± 0.26) 0.398 0.070 0.154 - 0.565 - 0.026

TDS (435.19 ± 88.73 ppm) 0.492 - 0.074 0.032 0.093 0.111
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sites. Similarly, wetland size played pivotal role in nest-site

selection by BNC in Tibetan wetlands (Zhang et al. 2017a).

Alike present study, Dwyer et al. (1992) recorded sim-

ilar water depth (average * 14 cm) near nesting sites in

central and southwest Tibetan autonomous region. In CWS,

water depth in marsh areas was comparatively lower

(\ 20 cm) during the onset of spring (May) with frozen

snow but increased during summer (June and July), per-

haps water level rise could have washed away nests at few

sites during summer season. Occasional flooding due to

glacial melted water during summers washed away active

nests at Tso Moriri and Tsegam Tso wetlands which per-

haps attributed to wrong preference of nesting site and

BNC might shift it in near future. Water depth also influ-

enced nest-site selection of BNC in Tibetan wetlands (Wu

et al. 2009; Zhang et al. 2017a), and populations require

similar water depth (\ 30 cm) preferences in wintering

habitats (Johnson et al. 2021). In CWS, Tsegam Tso wet-

land (highest nesting site in CWS) was such an example of

low water level (\ 5 cm) during the month of May when

temperature was still low. While in some nest-sites in

lakes, water depth was much deeper C 25 cm which

functioned as a natural barrier for predators. Other factors

like distance to water and nearest nest had profound

influence on nest-sites in wetlands of China (Wu et al.

2009; Zhang et al. 2017a; Wei et al. 2021).

Despite population increase in CWS, breeding success

has declined in the last three decades from 60% in

1994 (Chacko 1995) to 33% in 2017. The present study’s

average breeding success (31%) of two years was compa-

rable to a study in China (33%) by Zhang et al. (2017a).

However, the nest survival in present study was lower than

survival in China (Farrington and Xiulei 2013; Zhang et al.

2017a). Comparatively, chick recruitment rate of BNC in

Ladakh was also found lower than China (Farrington and

Xiulei 2013; Zhang et al. 2017a). However, our results

have shown higher recruitment rate than Chandan et al.

(2019) in CWS.

In comparison to present study, high hatching success

was recorded in previous studies (Zhang et al. 2017a;

Chandan et al. 2019). Presence of dogs affected nest-site

selection along with elevation (4100–4800 m) in CWS.

Predation considered as major cause of breeding failure in

BNC, chicks and eggs are being predated by free-ranging

dog and other wild carnivores (Chandan et al. 2006; Wu

et al. 2009; Farrington and Xiulei 2013; Zhang et al.

2017a). Even the wintering populations in Bhutan are

vulnerable to predation by common leopard (Panthera

pardus) (Choki et al. 2011). The present study confirmed

30–40% predation of chicks and eggs by dogs. The dog

population in Ladakh has drastically increased in the last

few decades due to feralization by defense forces, locals

and tourism generated availability of abundant food sub-

sidy (Gagne 2019).

In addition, increasing demand for defense infrastructure

near Indo-Tibetan border has expanded the intensity of

developmental works in the region especially near wet-

lands due to the availability of water and other resources

(Humbert-Droz 2017). Recently, Ladakh has become

tourism hotspot and gained popularity among domestic

tourist, the wetlands in CWS are being affected by unaware

tourists’ activities, off-road driving in wetlands, unautho-

rized camping and subsequent degradation of habitat.

These factors can pose challenges for the conservation

planning of BNC in the region.

Role of climate change and its possible impacts on

survival of the species are still not very clear, however, few

studies have predicted that climate change may not nec-

essarily decline extent of wetlands; thermokarst and

thawing can form new wetlands and subnival zones in

Tundra habitats (Gorham 1991; Anderson et al. 2020).

Conclusions

In CWS, any land use alterations need to be restricted

especially in and around marsh and lake habitats, thus

demarcation of buffer zones around such critical habitats

are essential for undisturbed nesting and breeding of BNC.

Free-ranging dog populations also need to be controlled

through effective population management strategies such

as capture neuter relocation programmes. Further, to

reduce their negative impacts on threatened species, dogs

should be treated as ‘Invasive Species’ inside protected

areas and other critical wildlife habitats such as breeding/

nesting sites. The local pastoralists and defense personnel

should be sensitized about impacts of dogs on wildlife,

particularly on BNC nesting sites. Strict tourism manage-

ment policies need to be developed to regulate nest-site

affecting tourist movements in the area. We recommend

nest specific (parameters) studies for better understanding

of nest-site selection, which was a limitation in present

study. Intensive camera trap-based nest monitoring is also

recommended to elucidate unknown reasons of breeding

failure and ensure survival of a near-threatened species like

BNC.
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&RUUHVSRQGLQJ�DXWKRU

ĚŽŝ͗�ϭϬ͘ϭϳϬϴϳͬũďŶŚƐͬϮϬϭϱͬǀϭϭϮŝϭͬϵϮϭϵϰ

%DU�KHDGHG�*RRVH�$QVHU�LQGLFXV�LV�D�ORQJ�GLVWDQFH�PLJUDQW�WR�WKH�,QGLDQ�VXEFRQWLQHQW��ZLWK�WKH�PDMRU�SRSXODWLRQ�EUHHGLQJ�

LQ�&KLQD��7KHUH�LV�D�VPDOO�EUHHGLQJ�SRSXODWLRQ�LQ�/DGDNK��0RQJROLD��DQG�.\UJ\]VWDQ��7R�JDLQ�DQ�XQGHUVWDQGLQJ�RI�

WKHLU�PRYHPHQW�SDWWHUQ�DQG�KRPH�UDQJH��ZH�PRQLWRUHG�WZR�377�WDJJHG�%DU�KHDGHG�*HHVH��%*�������	�%*��������

FDSWXUHG�IURP�WKH�*KDUDQD�&RQVHUYDWLRQ�5HVHUYH��-DPPX�	�.DVKPLU��,QGLD��GXULQJ�0DUFK�WR�$XJXVW�������7KH�RULJLQ�

RI�WKH�WDJJHG�ELUGV��ZKHWKHU�IURP�/DGDNK�RU�H[WUDOLPLWDO��FRXOG�QRW�EH�DVFHUWDLQHG�DV�ERWK�WKH�377V�IXQFWLRQHG�RQO\�

IRU��±��PRQWKV��DOVR��WKH�ELUGV�GLG�QRW�PRYH�WR�WKHLU�EUHHGLQJ�JURXQGV�WLOO�WKH�VLJQDOV�ZHUH�UHFHLYHG�LQ�$XJXVW��'XULQJ�

the�tracking�period,�the�PTT�¿tted�geese�used�the�Tawi�river�Àoodplains�of�India�and�Pakistan,�in�Jammu�and�Sialkot�
districts�respectively.�BG111847�used�a�431�km�long�stretch�of�the�Tawi�Àoodplains,�while�BG111848�used�only�a� �
���NP�VWUHWFK��7KH�KRPH�UDQJH�RI�%*�������ZDV�������VT��NP�>����0&3��0LQLPXP�&RQYH[�3RO\JRQ�@�DQG�WKH�FRUH�

DUHD�ZDV���VT��NP������0&3���ZKLOH�WKH�KRPH�UDQJH�IRU�%*�������ZDV�������VT��NP������0&3��DQG�WKH�FRUH�DUHD�ZDV�

2�sq.�km�(50%�MCP).�Post�winter,�the�two�geese�used�around�17�small�wetlands�in�the�Tawi�river�Àoodplains,�moving�
EHWZHHQ�,QGLD�DQG�3DNLVWDQ�LQWHUPLWWHQWO\��LQGLFDWLQJ�WKH�QHHG�IRU�FURVV�ERUGHU�HIIRUWV�IRU�WKH�ORQJ�WHUP�FRQVHUYDWLRQ�

RI�WKH�VSHFLHV�LQ�WKLV�UHJLRQ��2XU�UHVXOWV�DUH�SUHOLPLQDU\�DQG�IXUWKHU�VWXGLHV�DUH�QHHGHG�WR�XQGHUVWDQG�WKH�PLJUDWLRQ�

SDWWHUQ�DQG�KDELWDW�XVH�RI�WKH�%DU�KHDGHG�*RRVH�ZLQWHULQJ�LQ�WKH�*KDUDQD�&RQVHUYDWLRQ�5HVHUYH�DQG�DGMRLQLQJ�DUHDV��

.H\ZRUGV��%DU�KHDGHG�*RRVH��VDWHOOLWH�WHOHPHWU\��PLJUDWLRQ��KRPH�UDQJH��ZHWODQG��3ODWIRUP�7UDQVPLWWHU�7HUPLQDO��

,PSRUWDQW�%LUG�$UHD

,1752'8&7,21

7KH� %DU�KHDGHG� *RRVH�$QVHU� LQGLFXV� RFFXUV� LQ�

$IJKDQLVWDQ�� 3DNLVWDQ��7DMLNLVWDQ�� 5XVVLD�� %KXWDQ��&KLQD��

,QGLD��0RQJROLD��1HSDO�� %DQJODGHVK��9LHWQDP��7KDLODQG��

8]EHNLVWDQ�� DQG�.\UJ\]VWDQ� �,8&1� �������7KH�PDMRU�

EUHHGLQJ�SRSXODWLRQ�LQKDELWV�&KLQD��ZLWK�VPDOOHU�SRSXODWLRQV�

LQ�0RQJROLD�DQG�.\UJ\]VWDQ��.RSSHQ�HW�DO��������7DNHNDZD�

HW�DO���������,Q�,QGLD��EUHHGLQJ�%DU�KHDGHG�*RRVH�KDV�EHHQ�

UHSRUWHG�IURP�/DGDNK��$OL�DQG�5LSOH\�������ZKHUH�DERXW�����

SDLUV�EUHHG�DURXQG�VHYHUDO�ODNHV�DQG�PDUVKHV��+XVVDLQ�DQG�

3DQGDY�������+XVVDLQ�HW�DO��������3ULQV�DQG�:LHUHQ��������

0LJUDWLQJ�%DU�KHDGHG�*HHVH�KDYH�EHHQ�UHSRUWHG�IURP�PDQ\�

SURWHFWHG�DQG�QRQ�SURWHFWHG�ZHWODQGV�RI�$VVDP��+LPDFKDO�

3UDGHVK�� -DPPX�	�.DVKPLU�� 8WWDU� 3UDGHVK��5DMDVWKDQ��

$QGKUD� 3UDGHVK��2GLVKD��.DUQDWDND��7DPLO�1DGX��.HUDOD��

DQG�0DKDUDVKWUD��$OL�DQG�5LSOH\�������1HHODNDQWDQ�HW�DO��

������5DKPDQL�������5DKPDQL�DQG�$URUD�������5DKPDQL�

DQG�,VODP�������5DKPDQL�HW�DO���������

7KH�%DU�KHDGHG�*RRVH�LV�OLVWHG�DV�D�6FKHGXOH�,�VSHFLHV�

XQGHU� WKH� ,QGLDQ�:LOGOLIH��3URWHFWLRQ��$FW�������DQG�-	.�

:LOGOLIH� �3URWHFWLRQ��$FW�� ������*OREDOO\�� LW� LV� D� ³/HDVW�

&RQFHUQ´�VSHFLHV��%LUG/LIH�,QWHUQDWLRQDO�������&ROODU�HW�DO��

�������WKRXJK�LW�LV�EHOLHYHG�WKDW�LWV�SRSXODWLRQ�LV�GHFOLQLQJ�

UDSLGO\�GXH�WR�KDELWDW�ORVV��LOOLFLW�HJJ�FROOHFWLRQ��DQG�KXQWLQJ�

�.RSSHQ�HW�DO���������,WV�JOREDO�SRSXODWLRQ�LV�HVWLPDWHG�WR�EH�

���������0L\DED\DVKL�DQG�0XQGNXU��������ZLWK�HVWLPDWHV�

RI�DURXQG�������±�������ZLQWHULQJ�LQ�,QGLD��/L�HW�DO���������

2YHU��������ELUGV�DUH�UHSRUWHG�GXULQJ�ZLQWHU�LQ�&KLQD�DQG�

WKH�7LEHW�$XWRQRPRXV�5HJLRQ� �%LVKRS�DQG�'UROPD�������

%LVKRS�HW�DO���������

6FLHQWLVWV�DQG�QDWXUDOLVWV�KDYH�DOZD\V�EHHQ�IDVFLQDWHG�

by�the�Bar-headed�Goose�due�to� its�ability� to�Ày�over�the�
+LPDOD\D�GXULQJ�PLJUDWLRQ�WR�WKH�,QGLDQ�VXEFRQWLQHQW�DQG�

EDFN��+DZNHV�HW�DO��������������-DYHG�HW�DO��������.DOUD�HW�DO��

������/HH�HW�DO��������6ZDQ�������6FRWW�DQG�0LOVRP��������

.DVDPEH�HW�DO���������UHFRYHUHG�QHFN�FROODUHG�%DU�KHDGHG�

*HHVH�LQ�0DKDUDVKWUD�DQG�.DUQDWDND�ZKLFK�ZHUH�WDJJHG�LQ�
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0RQJROLD��6LPLODUO\��D�QHFN�FROODUHG�*RRVH�IURP�0RQJROLD�

ZDV�UHSRUWHG�LQ�7DPLO�1DGX�GXULQJ�ZLQWHU��9DQ�GHU�9HQ�HW�

DO���������7KH�VSHFLHV�ZDV�IRXQG�WR�PLJUDWH�F������NP�RYHU�

WKH�+LPDOD\D�IURP�,QGLD�WR�&KLQD��-DYHG�HW�DO���������.DOUD�

HW�DO���������DOVR�UHFRUGHG�WKHLU�PLJUDWLRQ�EHWZHHQ�,QGLD�DQG�

&KLQD��3ODWIRUP�7UDQVPLWWHU�7HUPLQDO��377��GHSOR\HG�JHHVH�

LQ�&KLQD��0RQJROLD�� DQG�.\UJ\]VWDQ�KDYH�EHHQ� UHSRUWHG�

IURP�.HRODGHR�1DWLRQDO� 3DUN� �5DMDVWKDQ�� DQG�3RQJ�'DP�

�+LPDFKDO�3UDGHVK��LQ�,QGLD��%DU�KHDGHG�*HHVH�KDYH�EHHQ�
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�%RXURXLED�HW�DO��������&KHQ�HW�DO��������3URVVHU�HW�DO��������

=KRX�HW�DO�� �������ZKLFK�QHFHVVLWDWHV�PRQLWRULQJ� RI� WKHLU�

PRYHPHQW�SDWWHUQ�DW�LQWHUQDWLRQDO�DQG�UHJLRQDO�OHYHOV��+HQFH��

ZH�XQGHUWRRN�WKLV�VWXG\�WR�H[DPLQH�WKH�PRYHPHQW�SDWWHUQ�DQG�

KDELWDW�XVH�RI�WKH�%DU�KHDGHG�*RRVH�IUHTXHQWLQJ�WKH�*KDUDQD�

&RQVHUYDWLRQ�5HVHUYH�XVLQJ�VDWHOOLWH�WHOHPHWU\�

&DSWXUH�VLWH

7KH�*KDUDQD�&RQVHUYDWLRQ�5HVHUYH� LV�DQ�µ,PSRUWDQW�

%LUG�$UHD¶��,VODP�DQG�5DKPDQL��������VLWXDWHG�QHDU�*KDUDQD�

YLOODJH� LQ�5DQELUVLQJKSRUD� WHKVLO� in� the�Tawi�Àoodplains�
���R�32′�26″�N;�74R�41′�24″�E)�of�Jammu�&�Kashmir�State.�It�
LV�F������P�IURP�WKH�,QGLD�3DNLVWDQ�LQWHUQDWLRQDO�ERUGHU�DQG�

LV�D�VPDOO�ZHWODQG�ZLWK�DQ�DUHD�RI�F������KD�VXUURXQGHG�E\�

DJULFXOWXUDO�ODQGV��7KH�ZHWODQG�LV�FRYHUHG�ZLWK�:DWHU�+\DFLQWK�

(LFKKRUQLD� FUDVVLSHV� DQG�7\SKD� VS�� �,VODP�DQG�5DKPDQL�

�������7KH�7DZL�ULYHU��DJULFXOWXUDO� ODQGV��DQG�VHYHUDO�VPDOO�

ZHWODQGV�DGMDFHQW� WR�*KDUDQD�RIIHU� KDELWDWV� IRU�ZDWHUELUGV�

in�the�Àoodplains.�A�study�reported�21�species�of�waterbirds�
IURP�WKLV�ZHWODQG��6KDUPD�DQG�6DLQL�������ZLWK�DURXQG��������

ELUGV�UHSRUWHG�GXULQJ�ZLQWHU��ZKLFK�LQFOXGHV�PRUH�WKDQ�������

%DU�KHDGHG�*HHVH��,VODP�DQG�5DKPDQL��������7KH�DGMDFHQW�

Àoodplains� of� Indus,�Degh,�Panynad,� and�Ravi� rivers� in�
3DNLVWDQ�DOVR�KDYH�ZLQWHULQJ�SRSXODWLRQ�RI�%DU�KHDGHG�*HHVH�

QXPEHULQJ�DURXQG��������.RSSHQ�HW�DO��������9DQ�GHU�9HQ�HW�DO��

�������7KH�QHDUHVW�EUHHGLQJ�JURXQG�IRU�WKH�%DU�KHDGHG�*RRVH�

IURP�*KDUDQD�LV�/DGDNK��F������NP�WR�LWV�QRUWK��7KH�EUHHGLQJ�

VLWHV� LQ�/DGDNK�PDLQO\�FRPSULVH� ODFXVWULQH� �H�J���7VR�.DU��

7VR�0RUULUL��DQG�SDOXVWULQH��H�J���'XQJWL��&KXVKXO��ZHWODQGV�

�&KDQGDQ�HW�DO�������� ,VODP�DQG�5DKPDQL�������3ULQV� DQG�

:HLUHQ��������,Q�&KLQD��WKHLU�EUHHGLQJ�VLWHV�DUH�VWHSSHV��VDOLQH�

PHDGRZV��VZDPS�PHDGRZV��DOSLQH�PHDGRZV��DQG�FURSODQG�

KDELWDWV��ZKLOH�SUHIHUUHG�VWRSRYHU�VLWHV�DUH�ODNHV��PDUVKHV��DQG�

VKDOORZ�ZHWODQGV��=KDQJ�HW�DO���������

0(7+2'6

&DSWXUH�DQG�GHSOR\PHQW�RI�377V

2Q�0DUFK�����������VHYHQ�DGXOW�%DU�KHDGHG�*HHVH�ZHUH�

FDSWXUHG�IURP�WKH�*KDUDQD�&RQVHUYDWLRQ�5HVHUYH�XVLQJ�QRRVH�

VQDUHV�E\�WUDLQHG�SURIHVVLRQDO�ELUG�WUDSSHUV�RI�WKH�%RPED\�

1DWXUDO�+LVWRU\�6RFLHW\��$IWHU�ELRPHWULF�PHDVXUHPHQWV��WZR�

LQGLYLGXDOV�ZHUH� UDQGRPO\� VHOHFWHG� IRU� WKH� GHSOR\PHQW�RI�

SUH�GHVLJQHG�377V��7KH�377�PRGHO�7$9�������ZLWK�DURXQG�

QLQH�PRQWKV�RI�EDWWHU\�OLIH��ZDV�DWWDFKHG�RQWR�WKH�EDFNV�RI�

WKH�ELUGV�ZLWK�D�EDFNSDFN�KDUQHVV��7KH�ZHLJKW�RI�377�ZDV��

���JP��ZKLFK�LV�DURXQG����RI�WKH�WRWDO�ERG\�ZHLJKW�RI�WKH�

JHHVH�DQG�LV�ZLWKLQ�WKH�UHFRPPHQGHG����ZHLJKW�OLPLW��:LOVRQ�

and�McMahon�2006).�Unique� identi¿cation�numbers�were�
JLYHQ�WR�WKH�ELUGV��YL]��%*�������DQG�%*��������IRU�UHFHLYLQJ�

GDWD�IURP�$5*26��$5*26��������377V�ZHUH�VHW�WR�UHFHLYH�

¿ve�¿xes�per�24�hour�cycle.�Generally,�ARGOS�provides�¿x�
�ORFDWLRQ��FODVVHV�RI�GLIIHUHQW�DFFXUDFLHV��WKH�KLJK�DFFXUDF\�

¿x�classes�are�3,�2,�1�and�0.�Low�accuracy�classes�A,�B,�and�
Z�are�also�transmitted�from�the�PTT.�The�high�accuracy�¿x�
FODVVHV�SURYLGH�D�UDQJH�RI�HUURU�DV�IROORZV���� ������P���� �

���±����P���� ����±������P�DQG��� �!������P��$V�FODVVHV�

$��%��DQG�=�LQGLFDWH�SRRU�VDWHOOLWH�FRQQHFWLRQ��$5*26��������

RQO\�FODVVHV���WR���ZHUH�XVHG�IRU�DQDO\VLV��8HWD�������

'DWD�DQDO\VLV

:H� XVHG� DGHKDELWDW+5� IRU� KRPH�UDQJH� DQG�

PRYHPHQW�SDWWHUQ�DQDO\VLV�LQ�5�FRUH�������YHUVLRQ�VRIWZDUH�

�5�'HYHORSPHQW�&RUH�7HDP��������&RQYHQWLRQDO�0LQLPXP�

&RQYH[�3RO\JRQ��0&3��PHWKRG�ZDV�XVHG�IRU�KRPH�UDQJH�

DQDO\VLV� DQG� FRUH� DUHD�ZDV� FDOFXODWHG�ZLWK� ����0&3��

ARGOS�¿xes�received�from�both�individuals�were�overlaid�
RQ�/DQG�8VH�/DQG�&RYHU��/8/&��PDSV�XVLQJ�$UF*,6�9HUVLRQ�

9.3�(ESRI�2008).�Habitat�types�were�broadly�divided�into�¿ve�
FDWHJRULHV��QDPHO\�ZDWHU��ULYHU�DQG�ZDWHUERGLHV���YHJHWDWLRQ�

�ODUJHO\�JUDVV�GRPLQDWHG�DUHDV���VHWWOHPHQW��YLOODJH�DQG�WRZQ���

DJULFXOWXUH��DQG�RSHQ�DUHDV��XQFXOWLYDWHG�DQG�ULYHUEHG���:H�

XVHG�*RRJOH�(DUWK�LPDJHV�9HUVLRQ������*RRJOH��0RXQWDLQ�

9LHZ��&DOLIRUQLD��86$��WR�LGHQWLI\�ZHWODQGV�XWLOL]HG�E\�WKH�

JHHVH�DQG�WKH�SRWHQWLDO�ZHWODQGV�LQ� WKH�UHJLRQ�VXLWDEOH�IRU�

JHHVH�DQG�RWKHU�ZDWHUELUGV��

5(68/76

3HUIRUPDQFH�RI�377V

We� received�647� ¿xes�between�March� and�August�
2012,�with�maximum�¿xes�during�April,�and�minimum�during�
August�2012�(Fig.�1).�We�analyzed�205�high�class�¿xes�[from�
ERWK�JHHVH��/RFDWLRQ�&ODVV��/&�����������IROORZHG�E\�/&�

2�(32%),�LC�1�(26%)�and�LC�0�(9%)],�of�which�176�¿xes�
ZHUH� RI�%*������� DQG� ���ZHUH� RI�%*��������7KH�377�

RQ�%*������� IXQFWLRQHG� WLOO�$XJXVW� �����ZKLOH� WKDW�RQ�

BG111848�provided�irregular�¿xes�till�July�2012�(Table�1).�
%RWK�WKH�377V�IXQFWLRQHG�IRU��±��PRQWKV�EHORZ�WKH�H[SHFWHG�

OLIH�RI���PRQWKV��
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6SDWLDO�'LVWULEXWLRQ�

:H�FRPSXWHG�����0&3�DIWHU�H[FOXGLQJ�WKH�RXWOLHUV��$V�

depicted�in�Fig.�2,�90%�MCP�for�BG111847�was�justi¿able,�
XQOLNH�%*��������$V�SURPLQHQW�LQFUHDVH�LQ�KRPH�UDQJH�RI�

%*������� WLOO� ����ZDV� LQHIIHFWLYH��ZH�GHWHUPLQHG�KRPH�

UDQJH�XVLQJ�DQ�DFFHSWDEOH�DYHUDJH�RI�����0&3��DQG�FRUH�

UDQJH�ZDV�FRPSXWHG�ZLWK�����0&3��$YHUDJH�KRPH�UDQJH�

RI� WKH�WZR�ELUGV�ZDV�FDOFXODWHG�DV����VT��NP������0&3���

DQG�FRUH�DUHD�DV���VT��NP������0&3���

,QGLYLGXDOO\�� WKH� KRPH� UDQJH� RI�%*������� ZDV�

������VT��NP�ZLWK�D�FRUH�DUHD�RI���VT��NP�WKDW�PDLQO\�FRQVLVWHG�

RI�ZHWODQGV�ZDWHUERGLHV��7KH�FRUH�DUHD�IRU�%*�������ZDV�

LQ�&KDSUDU��3DNLVWDQ��DQG�QHDU�5DQELUVLQJKSRUD��,QGLD��7KH�

KRPH�UDQJH�RI�%*�������ZDV�������VT��NP�EHWZHHQ�0DUFK�WR�

-XO\��)LJ������ZLWK�D�FRUH�DUHD�RI���VT��NP�LQ�DQG�DURXQG�7DZL�

ULYHU�ZLWKLQ�,QGLDQ�WHUULWRU\��F�����NP�DZD\�IURP�*KDUDQD�

�)LJ������%RWK�WKH�LQGLYLGXDOV�GLG�QRW�UHWXUQ�WR�*KDUDQD�DIWHU�

WDJJLQJ�� WKH\�PRYHG�WRZDUGV� WKH�QRUWK�DQG�XVHG�WKH�7DZL�

Àoodplains�extensively.�There�was�an�overlap�of�10�sq.�km�

DUHD�EHWZHHQ� WKH�KRPH� UDQJHV� RI� WKHVH� WZR�ELUGV��EXW� QR�

interaction�was�recorded�since�very�few�¿xes�were�received�
IURP�WKH�RYHUODSSLQJ�DUHD��)LJ������

0RYHPHQW�3DWWHUQ�

,QVWHDG�RI�PLJUDWLQJ� WRZDUGV� /DGDNK�&HQWUDO�$VLD�

&KLQD��WKH�JHHVH�WKDW�ZHUH�WDJJHG�LQ�0DUFK������UHPDLQHG�

in�Tawi�Àoodplains�till�July–August�2012.�The�birds�moved�
extensively�within�areas�of�the�Tawi�Àoodplains�in�Jammu�
�,QGLD�� DQG� 6LDONRW� �3DNLVWDQ��� )RU�%*�������� WKH� WRWDO�

PRYHPHQW�ZDV� FRPSXWHG� DV� F�� ���� NP�DQG� WKH� DYHUDJH�

PRYHPHQW�ZDV������NP�GD\��7DEOH�����ZKLOH�WKH�PD[LPXP�

distance� between� two� consecutive� ¿xes�was�25� km.�The�
PTT-¿tted�goose�occasionally�visited�nearby�areas�of�River�
&KHQDE�LQ�3DNLVWDQ��)LJ������(YHQWXDOO\��%*�������VHWWOHG�

LQ�&KDSUDU��3DNLVWDQ��till�we�received�the�last�¿x�in�August�
������%*�������PRYHG�F�����NP��DQG�WKH�DYHUDJH�GLVWDQFH�

WUDYHOOHG�ZDV������NP�GD\�ZLWK�D�PD[LPXP�RI����NP�EHWZHHQ�

two�consecutive�¿xes�on�March�21,�2012;�the�last�¿x�for�this�
ELUG�ZDV�UHFHLYHG�LQ�-XO\������

+DELWDW�8VH�

Most�of� the�¿xes�were� received� from�open� areas� (a�
FRPELQDWLRQ� RI� RSHQ� EDUUHQ� ODQGV�� HPSW\�FURS� ODQGV� DQG�

ULYHUEHGV���IROORZHG�E\�YHJHWDWLRQ��PRVWO\�JUDVV�GRPLQDWHG�

DUHDV��� DJULFXOWXUH� DQG�ZHWODQGV� �)LJ�� ���� )L[HV�ZHUH� QRW�

UHFHLYHG� IURP� DQ\�KXPDQ� VHWWOHPHQWV�� LQGLFDWLQJ� WKDW� WKH�

geese� avoided�such�areas.�The�least�number�of�¿xes�were�
received�in�water/wetland�habitats,�most�of�the�¿x�clusters�in�
other�habitat�types�were�within�1–2�km�of�the�Euclidean�Àight�
GLVWDQFH�IURP�WKH�ZHWODQGV��7KH�WRWDO�DUHD�XVHG�E\�WKH�WZR�

7DEOH��:�Home�range�(50%�&�85%�MCP)�and�movement�pattern�of�two�PTT-¿tted�Bar-headed�Geese�
captured�in�Gharana�Conservation�Reserve

Bird�ID Start�Date 7RWDO�
Fixes

Fixes�used�for�
analysis�

End�Date ����0&3��
(sq.�km)

����0&3��
(sq.�km)

0RYHPHQW��
(km/day)

BG111847 March�19,�2012 ��� 176 August�25,�2012 7 52.60 2.69

BG111848 March�19,�2012 97� 29 July�7,�2012 2 29.68 0.46

Fig.�1:�Monthly�¿xes�received�from�ARGOS�for�two�PTT-¿tted�
geese�captured�in�Gharana�Conservation�Reserve

Fig.�2:�Saturation�in�home�ranges�of�two�PTT-¿tted�Bar-headed�
Geese�captured�in�Gharana�Conservation�Reserve�
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Fig.�3:�Home�ranges�(85%�MCP)�of�two�PTT-¿tted�Bar-headed�Geese�captured�in�Gharana�Conservation�Reserve

7DEOH��:�Wetlands�in�Tawi�Àoodplain�of�India�and�Pakistan�

:HWODQG�
ID�(see�
Fig.�7)

Area�(sq.�km) 3HULPHWHU�
(km)

7\SH &RXQWU\

1 0.005 0.15 &DQDO

2 0.004 0.292 3RQG I

3 0.006 0.418 3RQG 3

4 0.001 0.146 3RQG 3

� 0.431 4.5 Pond,�Canal I�&�P

6 0.001 0.19 3RQG 3

7 0.014 0.057 3RQG 3

� 0.002 0.21 3RQG 3

9 0.002 0.246 3RQG

10 0.019 0.781 3RQG 3

11 0.014 0.712 3RQG 3

12 0.023 0.7 3RQG 3

13 0.0008 0.126 3RQG

14 0.125 5.6 6WUHDP 3

15 0.014 0.797 &DQDO I

16 0.004 0.666 3RQG 3

17 0.0006 0.13 3RQG 3

Source:�-�Google�Earh�Image;�I�-�India�and�P�–�Pakistan

ELUGV�ZDV�F�����VT��NP��RI�ZKLFK�RSHQ�DUHD�FRQVWLWXWHG�������

VT��NP��IROORZHG�E\�DUHDV�ZLWK�JUDVV�GRPLQDWHG�YHJHWDWLRQ�

�������VT��NP���DJULFXOWXUH��������VT��NP���DQG�ULYHU�ZHWODQG�

������VT��NP���7KH�KRPH�UDQJH��KRZHYHU��HQFRPSDVVHG������

VT��NP�KXPDQ�VHWWOHPHQWV�

Important�wetlands�in�the�Tawi�Àoodplain
7KH�ELUGV�XVHG�DURXQG����VPDOO�ZHWODQGV�LQ�WKH�7DZL�

Àoodplain�(Fig.�7;�Table�2),�varying�in�size�from�F���������
WR������� VT��NP�ZLWK� D� WRWDO�DYDLODEOH� DUHD� RI�F�� ����� VT��

NP��RI�ZKLFK�F�� �����VT��NP�ZDV� LQ� ,QGLD� DQG�F�������VT��

NP�LQ�3DNLVWDQ��0RVW�RI�WKHVH�ZHWODQGV�VHUYHG�DV�RSWLRQDO�

KDELWDWV�IRU�WKH�JHHVH��2FFDVLRQDOO\��VWDJQDQW�ZDWHU�FDQDOV�

ZHUH�XVHG��,Q�&KDSUDU��3DNLVWDQ���F�������VT��NP�FOXVWHU�RI�

ZHWODQGV�ZHUH�XWLOL]HG�E\�%*������� LQ�-XO\� DQG�$XJXVW��

$PRQJ�WKHVH�FOXVWHUV��VPDOOHU�ZHWODQGV�RI�VL]H��������VT��

NP�DOVR�VHUYHG�DV�VWDJLQJ�VLWHV��7DEOH�����$SSDUHQWO\��WKHVH�

DUH�SRWHQWLDO�KDELWDWV�IRU�ZDWHUELUGV�LQ�WKH�7DZL�DQG�&KHQDE�

river�Àoodplains�in�India�and�Pakistan�(Fig.�7).�

',6&866,21

1HFN�EDQGHG�%DU�KHDGHG�*HHVH�KDYH�EHHQ� UHSRUWHG�
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WR� YLVLW� WKH�*KDUDQD�&RQVHUYDWLRQ�5HVHUYH� �$JHQF\�,QGLD�

3UHVV��'HFHPEHU� ���� ������'1$�'HFHPEHU� ���� �������

ZKLFK� DUH�EHOLHYHG� WR� KDYH�EHHQ� WDJJHG� LQ�0RQJROLD�� WKH�

4LQJKDL�SURYLQFH�RI�&KLQD��RU�SRVVLEO\�+LPDFKDO�3UDGHVK�

�$�5��5DKPDQL�� SHUV�� FRPP���� (DUOLHU� VDWHOOLWH� WUDFNLQJ�

VWXGLHV� UHSRUWHG� WKH�PD[LPXP�PLJUDWLRQ� GLVWDQFH� RI� WKH�

%DU�KHDGHG�*RRVH�WR�EH�������NP��IURP�0RQJROLD�WR�,QGLD�

�+DZNHV�HW�DO��������7DNHNDZD�HW�DO��2009).�PTT-¿tted�Bar-
KHDGHG�*HHVH�IURP�.HRODGHR�1DWLRQDO�3DUN��5DMDVWKDQ��DQG�

6XU�6DURYDU��8WWDU�3UDGHVK��PRYHG�WR�WKHLU�EUHHGLQJ�JURXQGV�

LQ� WKH�7LEHWDQ�$XWRQRPRXV�5HJLRQ� DQG�;L]DQJ� 3URYLQFH�

�&KLQD��E\�0DUFK±$SULO��-DYHG�HW�DO��������.DOUD�HW�DO���������

+RZHYHU��RXU�VWXG\�VKRZHG�D�FRPSDUDWLYHO\�VKRUW�PRYHPHQW�

�PD[LPXP�����NP��DQG�WKH�ELUGV�ZHUH�UHFRUGHG�LQ�WKH�7DZL�

Àoodplains�of�India�and�Pakistan�till�August�(Table�3).�This�
indicates�that�either�the�PTT-¿tted�birds�are�from�a�resident�
SRSXODWLRQ�RI�QHDUE\�DUHDV��VXFK�DV�/DGDNK��RU�WKH\�GLG�QRW�

UHWXUQ�WR�WKHLU�EUHHGLQJ�VLWHV�EHFDXVH�RI�VRPH�RWKHU�UHDVRQ��

ZKLFK�QHHGV�IXUWKHU�LQYHVWLJDWLRQ��

The�extent�of�area�utilized�by�the�two�PTT-¿tted�birds�
LQ�RXU�VWXG\�YDULHG�SHUKDSV�GXH�WR�WKH�DYDLODELOLW\�RI�VXLWDEOH�

habitats�or� inter/intra-speci¿c� competition� among� species�
�6FKRHQHU�������1XGGV�DQG�$QNQH\��������+RZHYHU��IURP�

the� small� sample� size,�we� could� not�make� any� de¿nitive�
FRQFOXVLRQ�LQ�WKH�GLIIHUHQFH�REVHUYHG�LQ�WKH�H[WHQW�RI�DUHD�

XVHG�E\�WKHVH�WZR�ELUGV��*KDUDQD�LV�D�YHU\�VPDOO�ZHWODQG��

VR��DJULFXOWXUDO� ODQG�DURXQG� LW� DQG�RWKHU�VPDOOHU�ZHWODQGV�

VHUYH�DV� DQ�REOLJDWH�KDELWDW� IRU�ZLQWHULQJ�ZDWHUELUGV�VXFK�

as�Bar-headed�Geese.�The�PTT-¿tted�birds�did�not�return�to�
Gharana,�but�used�nearby�wetlands�and�agriculture�¿elds�and�

Fig.�6:�Percentage�of�ARGOS�¿xes�of�two�PTT-¿tted�
Bar-headed�Geese�captured�in�Gharana�Conservation�Reserve��

in�different�habitats�
Note:�Vegetation�here�denotes�grass-dominated�areas�

Fig.�4:�Core�areas�(50%�MCP)�of�two�PTT-¿tted�Bar-headed�Geese�captured�in�Gharana�Conservation�Reserve
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Fig.�5:�Movement�pattern�of�two�PTT-¿tted�Bar-headed�Geese�captured�in�Gharana�Conservation�Reserve

Fig.�7:�Important�wetlands�outside�Gharana�Conservation�Reserve,�India�
Source:�Google�Earth�accessed�12�September�2014
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Table�3:�0LJUDWLRQ�DQG�PRYHPHQW�SDWWHUQ�RI�satellite-tracked�Bar-headed�Geese�

Reference 7\SH�RI�
Transmitter

Total�distance�
covered�(km)

Individuals�
WDJJHG

Countries�recorded� 7\SH�RI�PLJUDWLRQ 6WRSRYHU�
sites

7RWDO�
days�of�
PRYHPHQW

7RWDO�
Fixes

-DYHG�HW�DO��2000 377� ~780 2 India,�China 6SULQJ 3 137 192

Takekawa�HW�DO��2009 377� 500–3,000� 60 China,�India,�
Mongolia,�Nepal

Winter,�Fall,�
Spring,�Breeding,�
0RXOW

1$ 1-213 93,009

.RSSHQ�HW�DO��2010 377 790–1,550� 4 Uzbekistán,�
Kyrgyzstan,�Tajikistán,�
India,�Pakistán

$XWXPQ�DQG�
6SULQJ

4 1–53 ����

Guo-Gang�HW�DO��
2011

377 1,270–1,470� 10 China $XWXPQ 4 50–90 1$

&XL�HW�DO��2011 377 17.89–404.41 21 China Moult,�Autumn�
and�Breeding

1$ 185–298 16,342

Prosser�HW�DO��2011 377 260–2,330� 15 China,�India Breeding�and�
6SULQJ

7 1–154 1$

.DOUD�HW�DO��2011 377� 807–1,305 4 China,�India :LQWHU 2 193–263 4663

Zhang�HW�DO��2011 377 1,300–1,500� 11 China $XWXPQ � 73–83 1$

Hawkes�HW�DO��2013 377 3,000 91 India,�China $XWXPQ�DQG�
6SULQJ

1$ 135–1,216 1$

This�Study 377� 54–431 2 India,�Pakistan :LQWHU 1$ 115–160 647

*NA=�Not�Available

JUDVVODQGV�LQ�,QGLD�DQG�3DNLVWDQ��LQGLFDWLQJ�WKDW�WKLV�ODQGVFDSH�

DV�D�ZKROH�LV�LPSRUWDQW�IRU�PLJUDWRU\�ELUGV��

,Q� WKH� ODVW� IHZ�GHFDGHV�� KXQWLQJ� DQG� DQWKURSRJHQLF�

SUHVVXUHV�KDYH�DGYHUVHO\�DIIHFWHG�WKH�SRSXODWLRQ�RI�WKH�%DU�

KHDGHG�*RRVH� LQ�.\UJ\]VWDQ� �.RSSHQ� HW�DO�� ������� (YHQ�

LI� WKHVH�ELUGV�GR� QRW�PLJUDWH� WR�RWKHU� FRXQWULHV�� WKHUH� VWLOO�

exists�a�potential�threat�of�avian�inÀuenza�via�interaction�with�
PLJUDWRU\�SRSXODWLRQV�RI�RWKHU�VSHFLHV��+RWVSRWV�RI�LQWHUDFWLRQ�

PXVW�EH�ORFDWHG�DQG�SULRULWL]HG�IRU�QDWLRQDO�DQG�WUDQV�ERXQGDU\�

FRQVHUYDWLRQ� HIIRUWV�� VLQFH� WKHUH�PLJKW� EH� SRVVLELOLWLHV�RI�

XQFHUWDLQ�FRQVHUYDWLRQ�VWDWXV�LQ�RWKHU�FRXQWULHV��)RU�LQVWDQFH��

LQ�,QGLD��SRSXODWLRQ�ORVV�RI�6LEHULDQ�&UDQH�ZDV�DWWULEXWHG�WR�

SRSXODWLRQ�GHFOLQH�GXULQJ�PLJUDWLRQ� �0HLQH� DQG�$UFKLEDOG�

�������7KXV��WKH�FRQVHUYDWLRQ�RI�PLJUDWRU\�%DU�KHDGHG�*RRVH�

SRSXODWLRQV�ZRXOG� EH� XQFHUWDLQ� ZLWKRXW� WUDQV�ERXQGDU\�

FROODERUDWLRQV��$GGLWLRQDOO\��VWXGLHV�ZLWK�D�ODQGVFDSH�DSSURDFK�

are�needed�for�the�identi¿cation�and�conservation�of�multiple�
VWRSRYHU�VLWHV��VLQFH�ZDWHUELUGV�PLJUDWH�ORQJ�GLVWDQFHV�ZLWKLQ�

GLIIHUHQW�JHRJUDSKLF�UHJLRQV�DQG�FRXQWULHV�VHDVRQDOO\��

$&.12:/('*(0(176

:H� H[WHQG� RXU� VLQFHUH� JUDWLWXGH� WR� WKH� &KLHI�

:LOGOLIH�:DUGHQV��*RYHUQPHQW� RI� -DPPX�	�.DVKPLU�

�-	.��IRU�SURYLGLQJ�VXSSRUW�GXULQJ�WKH�VWXG\��:H�ZRXOG�

OLNH�WR�WKDQN�WKH�'LUHFWRU�DQG�'HDQ��:LOGOLIH�,QVWLWXWH�RI��

,QGLD��IRU�WKHLU�VXSSRUW�DQG�JXLGDQFH��:H�DUH�JUDWHIXO�WR��

0U��$VLI�0HKPRRG��5HJLRQDO�:LOGOLIH�:DUGHQ��-DPPX��DQG�

'U��6DPLQD�$PLQ�&KDURR��5HVHDUFK�2IILFHU��'HSDUWPHQW�

RI�:LOGOLIH�3URWHFWLRQ��-	.��IRU�SURYLGLQJ�WKH�QHFHVVDU\�

VXSSRUW��:H�WKDQN�'U��$VDG�5��5DKPDQL��'LUHFWRU��%1+6��

IRU�SHUPLWWLQJ�XV�WR�XVH�WDJV�DQG�EDQGV��DQG�WKH�VHUYLFHV�

RI�0U��$OL�+XVVDLQ��:H� WDNH� WKLV� RSSRUWXQLW\� WR� WKDQN�

0U��$OL� +XVVDLQ� DQG�0U��0G�� 6LNDQGDU� IRU� FDSWXULQJ�

WKH�ELUGV��:H�DFNQRZOHGJH�WKH�VXSSRUW�RI�WKH�ILHOG�VWDII��

LQ� WKH� *KDUDQD� &RQVHUYDWLRQ� 5HVHUYH��:H� DOVR� WKDQN�

6KLYDP�� 3DULYD�� 8SPD��$PDQDW�� DQG�$GLWL� IRU� WKHLU�

YDOXDEOH� KHOS� GXULQJ� WKH� DQDO\VLV� DQG� LQ� ZULWLQJ� WKH�

PDQXVFULSW��

5()(5(1&(6

$/,��6��	�6�'��5,3/(<���������&RPSDFW�+DQGERRN�RI�WKH�%LUGV�RI�,QGLD�

DQG�3DNLVWDQ���QG�HGQ��2[IRUG�8QLYHUVLW\�3UHVV��0XPEDL������SS�

$5*26� ��������8VHU�0DQXDO�6HUYLFH�$UJRV��7RXORXVH��'RZQORDGHG�

RQ����0DUFK������� IURP��KWWSV���DUJRV�V\VWHP�RUJ�GRFXPHQWV�

XVHUDUHD�DUJRVBPDQXDOBHQ�SGI&/6�!��

%,5'/,)(�,17(51$7,21$/���������7KUHDWHQHG�%LUGV�RI�WKH�:RUOG��/\Q[�

75$&.,1*�7+(�029(0(17�3$77(51�2)�%$5�+($'('�*226(�&$3785('�)520�*+$5$1$�&216(59$7,21�5(6(59(



��-��%RPED\�1DW��+LVW��6RF�����������-DQ�$SU�����

.$/5$��0��� 6��.80$5��$�5��5$+0$1,�� -�$��.+$1�� 6�0�� %(/$/�	
$�0��.+$1���������6DWHOOLWH�WUDFNLQJ�RI�%DU�KHDGHG�*HHVH�$QVHU�

LQGLFXV�ZLQWHULQJ�LQ�8WWDU�3UDGHVK��,QGLD��-��%RPED\�1DW��+LVW��

6RF������������±���

.$6$0%(��5���$��-26+,��$� 6+,9.$5��0��1,5$1-$1�	�6��%+86$5,���������

5H�VLJKWLQJ�RI�0RQJROLDQ�WDJJHG�%DU�KHDGHG�*HHVH�$QVHU�LQGLFXV�

LQ�,QGLD��1HZVOHWWHU�IRU�%LUGZDWFKHUV����������±���

.g33(1��8���$�3�� $.29,(9��5��%$57+��0��.$$7=�	�3��%(57+2/'���������

6HDVRQDO�PLJUDWLRQV�RI� IRXU�LQGLYLGXDO�EDU�KHDGHG�JHHVH�$QVHU�

LQGLFXV�IURP�.\UJ\]VWDQ�IROORZHG�E\�VDWHOOLWH�WHOHPHWU\��-RXUQDO�

RI�2UQLWKRORJ\������������±����

/((��6�<���*�5��6&277�	�:�.��0,/620���������+DYH�ZLQJ�PRUSKRORJ\�

or�Àight�kinematics�evolved�for�extreme�high�altitude�migration�in�
WKH�EDU�KHDGHG�JRRVH"�&RPSDUDWLYH�%LRFKHPLVWU\�	�3K\VLRORJ\�

��������±����

/,��=�:�'���$��%/2(0��6��'(/$1<��*��0$57$.,6�	�-�2��48,17(52���������

6WDWXV� RI�ZDWHUELUGV� LQ�$VLD��5HVXOWV� RI� WKH�$VLDQ�:DWHUELUG�

&HQVXV������±������:HWODQGV� ,QWHUQDWLRQDO��:DJHQLQJHQ��7KH�

1HWKHUODQGV�

0(,1(��&�'��	�*�:��$5&+,%$/'���������7KH�&UDQHV��6WDWXV�6XUYH\�DQG�

&RQVHUYDWLRQ�$FWLRQ�3ODQ��,8&1��*ODQG��6ZLW]HUODQG�

0,<$%$< 6+,��<��	�7��081'.85���������$WODV�RI�.H\�VLWHV�IRU�$QDWLGDH�

in� the� east�Asian� Àyway.� http://www.jawgp.org/anet/aaa1999/
DDDHQG[�KWP��:HWODQGV�,QWHUQDWLRQDO�-DSDQ��7RN\R�DQG�:HWODQGV�

International�Asia�Paci¿c,�Kuala�Lumpur.
1((/$.$17$1��.�.���&��6$6+,.80$5�	�5��9(18*23$/$1���������$�%RRN�

of�Kerala�Birds.�Part�1.�WWF.,�Kerala�State�Of¿ce.�Pp.�146.
18''6��7�'��	�&�'��$1.1(<���������(FRORJLFDO�FRUUHODWHV�RI�WHUULWRU\�

DQG�KRPH�UDQJH�VL]H�LQ�1RUWK�$PHULFDQ�GDEEOLQJ�GXFNV��:LOGIRZO�

������±����

35,16��+�+ 7��	�6�(��:,(5(1� ��������1XPEHU��SRSXODWLRQ� VWUXFWXUH�

DQG� KDELWDW� XVH� RI� EDU�KHDGHG� JRRVH�$QVHU� LQGLFXV� LQ�/DGDNK�

�,QGLD�� GXULQJ� WKH�EURRG� UHDULQJ�SHULRG��$FWD� =RRORJLFD�6LQLFD�

����������±����

35266(5��'�-���3��&8,��-�<��7$.(.$:$��0��7$1*��<��+28��%�0��&2//,16��
%��<$1��1�-��+,//��7�� ,��<�� ,��)�� (,��6��*82��=��;,1*��<��+(��<��
=+28��'�&��'28*/$6��:�0��3(55<�	�6�+��1(:0$1���������:LOG�

ELUG�PLJUDWLRQ�DFURVV�WKH�4LQJKDL�7LEHWDQ�3ODWHDX��$�WUDQVPLVVLRQ�

URXWH�IRU�KLJKO\�SDWKRJHQLF�+�1���3/R6�21(��������±���

5�'(9(/230(17�&25(�7($0���������5��$�/DQJXDJH�DQG�(QYLURQPHQW�
IRU�6WDWLVWLFDO�&RPSXWLQJ��$�)RXQGDWLRQ�IRU�6WDWLVWLFDO�&RPSXWLQJ��

9LHQQD��$XVWULD��5�FRUH�������YHUVLRQ�VRIWZDUH��ZZZ�U�SURMHFW�RUJ����

5$+0$1,��$�5�� ��������7KH�:HWODQGV� RI�8WWDU� 3UDGHVK� ±� 3DUW� ,,,��

1HZVOHWWHU�IRU�%LUGZDWFKHUV�����	�����±��

5$+0$1,��$�5��	�9�0��$525$���������7KH�:HWODQGV�RI�8WWDU�3UDGHVK�

±�3DUW�,,��1HZVOHWWHU�IRU�%LUGZDWFKHUV�����	�����±��

5$+0 1,��$�5��	�0�=� ,6/$0���������'XFNV��*HHVH�DQG�6ZDQV�RI�,QGLD��
WKHLU� GLVWULEXWLRQ�� ,QGLDQ�%LUG� &RQVHUYDWLRQ�1HWZRUN��%1+6��

563%��%LUG/LIH�,QWHUQDWLRQDO��2[IRUG�8QLYHUVLW\�3UHVV������SS�

5$+0$1,��$�5���6��.80$5��3�� (25,��-�$��.+$1��0��.$/5$��0�6��%(/$/��
$�0��.+$1��1�,��.+$1��$��*(25*(��1�� 65,9$67$9$��9�3��6,1*+��
)��5(+0$1�	�6��085$/(('+$5$1���������0LJUDWRU\�0RYHPHQWV�

RI�:DWHUELUGV�WKURXJK�8WWDU�3UDGHVK�DQG�WKH�6XUYHLOODQFH�RI�$YLDQ�

'LVHDVHV��)LQDO�3URMHFW�5HSRUW��%RPED\�1DWXUDO�+LVWRU\�6RFLHW\��

0XPEDL������SS�

6&+2(1(5��7�:����������6L]HV�RI�IHHGLQJ�WHUULWRULHV�DPRQJ�ELUGV��(FRORJ\�
����������±����

6&277��*�5��	�:�.��0,/620���������&RQWURO�RI�EUHDWKLQJ�DQG�DGDSWDWLRQ�

WR�KLJK�DOWLWXGH� LQ� WKH� EDU�KHDGHG�JRRVH��$PHULFDQ� -RXUQDO� RI�

3K\VLRORJ\�5HJXODWRU\�,QWHJUDWLYH�DQG�&RPSDUDWLYH�3K\VLRORJ\�

�����������±����

6+$50$��.�.��	�0��6$,1,���������,PSDFW�RI�DQWKURSRJHQLF�SUHVVXUH�RQ�
KDELWDW�XWLOL]DWLRQ�E\�WKH�ZDWHUELUGV�LQ�*KDUDQD�:HWODQG��5HVHUYH���

-DPPX� �-	.�� ,QGLD��� ,QWHUQDWLRQDO� -RXUQDO� RI� (QYLURQPHQWDO�

6FLHQFHV�����������±������GRL����������LMHV������������

(GLFLRQV�DQG�%LUG/LIH�,QWHUQDWLRQDO��%DUFHORQD�DQG�&DPEULGJH�

%,6+23��0�$��	�7��'52/0$���������7LEHW�$XWRQRPRXV�5HJLRQ�-DQXDU\�

�����VXUYH\�IRU�%ODFN�QHFNHG�&UDQH��&RPPRQ�&UDQH�DQG�%DU�

KHDGHG�*HHVH��&KLQD�&UDQH�1HZV����������±����

%,6+23��0�$���<��621*��=��&$1-8(�	�%��*X���������%DU�KHDGHG�*HHVH�
�$QVHU� LQGLFXV��ZLQWHULQJ� LQ� VRXWK�FHQWUDO�7LEHW��:LOGIRZO�����

���±�����

%28528,%$�� /�� -��:8�� 6�� 1(:0$1�� -�� 7$.(.$:$�� 7�� 1$7'25-���
1�� %$7%$<$5�� &�0�� %,6+23�� /�$��+$:.(6�� 3�-�� %87/(5� 	��
0��:,.(/6.,� �������� 6SDWLDO� G\QDPLFV� RI�%DU�KHDGHG�*HHVH�

PLJUDWLRQ�LQ�WKH�FRQWH[W�RI�+�1���-RXUQDO�RI�WKH�5R\DO�6RFLHW\�

,QWHUIDFH������������±������
&+$1'$1��3���$��&+$77(5-((��3��*$87$0��&�0��6(7+��-��7$.3$��6�8��+$4��

3��7$6+,�	�6��9,'<$���������%ODFN�QHFNHG�&UDQH�±�6WDWXV��%UHHGLQJ�

3URGXFWLYLW\� DQG�&RQVHUYDWLRQ� LQ� /DGDNK�� ,QGLD� ����±�����

::)�,QGLD�DQG�'HSDUWPHQW�RI�:LOGOLIH�3URWHFWLRQ��*RYHUQPHQW�

RI�-DPPX�	�.DVKPLU�

&+(1��+� *�-�'�� 60,7+�� 6�<�� =+$1*��.�� 4,1�� -��:$1*�� .�6�� ,��
5�*��:(%67(5�� -�6�0�� 3(,5,6�	�<��*8$1� ��������+�1�� YLUXV�

RXWEUHDN�LQ�PLJUDWRU\�ZDWHUIRZO��1DWXUH����������

&2//$5��1�-���0�-��&526%<�	�$�-��67$77(56),(/'���������%LUGV�WR�ZDWFK�
��±�WKH�:RUOG�/LVW�RI�7KUHDWHQHG�%LUGV��%LUG/LIH�&RQVHUYDWLRQ�

6HULHV�1R�����%LUG/LIH�,QWHUQDWLRQDO��&DPEULGJH��8.�

&8,��3���<��+28��0��7$1*��+��=+$1*��<� +28��=�� ,1��7��/,��6��*28���
=��;,1*��<��+(��'�-��35266(5��6�+��1(:0$1��-�<��7$.(.$:$��%��
<$1�	�)�� (,� ��������0RYHPHQW�SDWWHUQ� RI�%DU�KHDGHG�*HHVH�

$QVHU� LQGLFXV�GXULQJ�EUHHGLQJ�DQG�EUHHGLQJ�SHULRGV�DW�4LQJKDL�

/DNH��&KLQD��-RXUQDO�RI�2UQLWKRORJ\�����������±���

(65,���������$UF*,6�YHUVLRQ������(QYLURQPHQWDO�6\VWHPV�5HVHDUFK�

,QVWLWXWH��,QF���5HGODQGV��&DOLIRUQLD��86$�

*82�*$1*��=���/�� 21*�3,1*��+��<81�4,8��-��+21*�;,1*��'��0,1*��
4��)$�:(1��/��-81��;��=+,�	�/��)(1*�6+$1� ��������0LJUDWLRQ�

URXWHV�DQG�VWRS�RYHU�VLWHV�GHWHUPLQHG�ZLWK�VDWHOOLWH�WUDFNLQJ�RI�

EDU�KHDGHG�JHHVH�$QVHU�LQGLFXV�EUHHGLQJ�DW�4LQJKDL�/DNH��&KLQD��

:DWHUELUGV��������±����

+$:.(6�� /�$��� 6�� %$/$&+$1'5$1�� 1�� %$7%$<$5�� 3�-�� %87/(5���
3�%��)5$33(//��:�.��0,/620��1��76(9((10<$'$*��6�+��1(:0$1��
*�5��6&277��3��6$7+,<$6(/9$0�� -�<��7$.(.$:$��0��:,.(/6.,�	��
&�0��%,6+23�(2010):�The�trans-Himalayan�Àights�of�Bar-headed�
*HHVH� �$QVHU� LQGLFXV��� 3URFHHGLQJV� RI� 1DWLRQDO� $FDGHP\� RI�

6FLHQFHV��������������±�����

+$:.(6��/�$���6��%$/$&+$1'5$1��1��%$7%$<$5��3�-��%87/(5��%��&+8$��
'�&��'28*/$6��3�%��)5$33(//��<��+28��:�.��0,/621��6�+��1(:0$1��
'�-�� 35266(5��3�� 6$7+,<$6(/9$0��*�5�� 6&277�� -�<��7$.(.$:$���
7��1(76$*'52-��0��:,.(/6.,��0�-��:,77��%��<$1�	�&�0��%,6+23�

��������7KH�SDUDGR[�RI�H[WUHPH�KLJK�DOWLWXGH�PLJUDWLRQ�LQ�EDU�

KHDGHG�JHHVH�$QVHU�LQGLFXV��3URFHHGLQJV�RI�WKH�5R\DO�6RFLHW\�%�

������±��

+866$,1��6�$��	�%��3$1'$9���������6WDWXV�RI�EUHHGLQJ�ZDWHUELUGV�LQ�
&KDQJWKDQJ�&ROG�'HVHUW� 6DQFWXDU\�� /DGDNK�� ,QGLDQ� )RUHVWHU�

�����������±����

+866$,1��6�$���5�.��6,1*+�	�5��%$'2/$���������$Q�HFRORJLFDO�VXUYH\�

RI� WKH�7UDQV�+LPDOD\DQ�ZHWODQGV�RI� WKH�SURSRVHG�&KDQJWKDQJ�

%LRVSKHUH�5HVHUYH��,QGLD��IRU�FRQVHUYDWLRQ�SODQQLQJ��%LRVSKHUH�

&RQVHUYDWLRQ���������±���

,6/$0��0�=��	�$�5��5$+0$1,���������,PSRUWDQW�%LUG�$UHDV�RI�,QGLD��

3ULRULW\�VLWHV�IRU�FRQVHUYDWLRQ��,QGLDQ�%LUG�&RQVHUYDWLRQ�1HWZRUN��

%RPED\�1DWXUDO�+LVWRU\� 6RFLHW\��%LUG/LIH� ,QWHUQDWLRQDO� DQG�

2[IRUG�8QLYHUVLW\�3UHVV�������SS�

,8&1����������ZZZ�LXFQ�RUJ�LQ!GRZQORDGHG�RQ����)HEUXDU\������

-$9('��6��� -�<��7$.(.$:$��'�&��'28*/$6��$�5��5$+0$1,��<��.$1$,���
0��1$*(1'5$1��%�&��&+28'+85<�	�6��6+$50$���������7UDFNLQJ�

WKH� VSULQJ�PLJUDWLRQ� RI� D� %DU�KHDGHG�*RRVH� �$QVHU� LQGLFXV��

DFURVV�WKH�+LPDOD\D�ZLWK�VDWHOOLWH�WHOHPHWU\��*OREDO�(QYLURQPHQW�

5HVHDUFK����������±����

75$&.,1*�7+(�029(0(17�3$77(51�2)�%$5�+($'('�*226(�&$3785('�)520�*+$5$1$�&216(59$7,21�5(6(59(



�� -��%RPED\�1DW��+LVW��6RF�����������-DQ�$SU�����

6:$1�� /�:�� ��������*RRVH� RI� WKH�+LPDOD\DV��1DWXUDO�+LVWRU\�����

��±����

7$.(.$:$�� -�<���6�5��+($7+��'�&��'28*/$6��:�0��3(55<��6�� -$9('��
6�+� 1(:0$1�� 5�1�� 68:$/��$ 5�� 5$+0$1,��%�&�� &+28'+85<��
'�-�� 35266(5�� %��<$1��< 28��1�� %$7%$<$5�� 7��1$76$*'25-��
&�0��%,6+23��3�-��%87/(5��3�%��)5$33(//��:�.��0,/620��*�5��6&277��
/�$��+$:.(6�	�0��:,.(/6.,���������*HRJUDSKLFDO�YDULDWLRQ�LQ�

%DU�KHDGHG�*HHVH�$QVHU� LQGLFXV��&RQQHFWLYLW\� RI�ZLQWHULQJ�

DUHDV� DQG�EUHHGLQJ� JURXQGV�DFURVV� D�EURDG� IURQW��:LOGIRZO�����

���±�����

8(7$�� 0�� �������� 6DWHOOLWH� WUDFNLQJ� RI� ELUG�PLJUDWLRQ� DQG� LWV�
HIIHFWLYHQHVV�IRU�WKH�UHVHDUFK�RI�%ODFN�IDFHG�6SRRQELOOV��3S����±����
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short communication

NEERAJ MAHAR1*, SHIVAM SHROTRIYA1, BILAL HABIB1, SARWANDEEP SINGH2, JIGMET 
TAKPA3 AND SYED AINUL HUSSAIN1 

Recent records of the Pallas’s 
cat in Changthang Wildlife 
Sanctuary, Ladakh, India

Fig. 1. Sighting locations in Changthang 

Wildlife Sanctuary. 

Despite a wide distribution in Asia, Pallas’s cat or manul Otocolobus manul is a 
rarely recorded small carnivore in India. Here, we report three observations of this 
majestic furry carnivore in Changthang Wildlife Sanctuary CWLS. In India, there is 
little information available on the ecology and status of this threatened species.

The Pallas’s cat or manul, a small furry felid, 
is found throughout northern and central Asia 
with a broad but fragmented distribution 
(Ognev 1935, Allen 1938, Heptner & Sludskii 
1972, Nowell & Jackson 1996, Aghili et al. 
2008). Its largest population is thought to 
live in Mongolia (Jutzeler et al. 2003, Mur-
doch et al. 2006). However, little information 
exists on populations elsewhere and it is 
considered rare particularly in the southern 
portion of its range (Nowell & Jackson 1996, 
Jutzeler et al. 2003, Aghili et al. 2008). In 
South Asia, the Pallas’s cat is reported from 
Afghanistan, Pakistan, India, Nepal and 
Bhutan, which forms the southern limits of 
its distribution (Belousova 1993, Nowell & 
Jackson 1996, Habibi 2003, Chanchani 2008, 
Thinley 2013, Hameed et al. 2014, Shrestha 
et al. 2014). In India, it is restricted to the 
Trans-Himalayan region of Ladakh and Sik-
kim, where its occurrence could be nominal 
(Prater 1972, Pfister 2004, Chanchani 2008, 
Menon 2014). The Pallas’s cat prefers emp-
ty burrows of marmots and foxes as a den 
and proximity to pika Ochotona spp. habitats 
(Pfister 2004, Menon 2014). The Pallas’s cat 
is listed as a Near Threatened species on 
the IUCN Red List (Ross et al. 2016) and is 
included into Appendix II of CITES, due to its 
population decline and habitat degradation. 
It is also legally protected as a Schedule I 
species under the Indian Wildlife Protection 
Act, 1972.
The CWLS spreads over ca. 4,000 km2 and 
lies between 34°79’ to 33°79’ E and 78° to 
79° N in eastern Ladakh (Fig. 1). Tempera-
ture falls to -40 °C during winters in this 
landscape of broad open valleys and the 
rugged terrain in CWLS (Hartmann 1983). 
In spite of the existence of 13 major lakes 
and flood plains of the Indus River and its 
tributaries, the area is relatively dry, barren 
and characterised as a cold desert (Kichloo 
1997). The Tibetan ass or kiang Equus kiang, 

wolf Canis lupus, red fox Vulpes vulpes, 
snow leopard Panthera uncia and black-
necked crane Grus nirgicollis are among 
the key faunal species of the sanctuary. The 
Pallas’s cat is locally known as "Ribilik" or 
"Trak Sham" in Ladakh. Considering its rare 
appearance in Ladakh, recent and updated 
reports of its presence hold utmost im-
portance for conservation and management.
We sighted a pair of Pallas’s cat on the bank 
of Hanle River (tributary of Indus) near Lal Pa-
hari area (32°57’36.86’’ N / 78°54’06.30” E) 
at an elevation of 4,202 m on 31 August 2013 
at 9:45 h. The pair was seen at about 300 m 
distance and disappeared into the rocks when 
approached. The second sighting was made 
on 14 May 2015 at 7:07 h when a single in-
dividual was sighted at a distance of about 
100 m near Staklung (33°09’24.08” N / 
78°42’01.72” E) at an elevation of 4,160 m. In 
the third incidence, we sighted a group of four 
cats on 4 September 2015 at 09:00 h about 
500 m away from Hanle (32°47’22.39” N / 
78°59’15.83” E; Fig. 2). All observations took 
place in the morning hours and close to the 
water bodies, ideal places to find prey, such 
as the pikas and marmot Marmota himalyan-
sis. Our sighting locations were separated by 
about 45 km aerial distance, implying that 
this area could be valuable for the species. 
The previous record of the Pallas’s cat in La-
dakh by Mallon (1991) was also from Hanle 
area, eastern Changthang region.
The area is seasonally inhabited by a local 
pastoralist community called the Changpas, 
who carry along large herds of livestock. 
Major threat to the Pallas’s cat is habitat loss 
and degradation due to development activi-
ties, which continue to grow. Precise infor-
mation on such species is earnestly desirable 
to minimise the threats. Our report updates 
and adds information on the presence of 
the Pallas’s cat in Ladakh, India, its southern 
range limit.
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The Indian Himalayas harbour some of the most spectacular and biodiversity rich wetlands in 
the world. While some of these wetlands have been extensively explored, most of them remain 
little known. Wetlands in the Himalayas are the product of climate, precipitation, geology, 
geomorphology, drainage and soil condition of the region (Wadia 1960). All the drainage in 
the region passes through newly emerged deep gorges that have very little area of inundation 
and, consequently, have little riverine marshes, except in large valleys and plateaus. Apart 
from lakes, the Himalayan wetland system comprises networks of rivers with associated 
floodplain marshes and swamps, glaciers and hot springs, seasonal waterlogged areas and 
manmade reservoirs (Upadhyaya et al. 2009). High precipitation in the eastern Himalayas 
has produced more extensive seasonal waterlogged areas, marshes and swamps than in the 
western Himalayas.



Through a literature review and examination of toposheets from the Department of Survey of 
India, we compiled approximately 8,536 wetlands in the Indian Himalayan region, covering 
55 administrative districts (NWA 2011). Of these, 3,265 wetlands are in the eastern 
Himalayan states of Arunachal Pradesh and Sikkim, and 5,271 wetlands are in the western 
Himalayan states of Uttarakhand, Himachal Pradesh, and Jammu and Kashmir. Jammu and 
Kashmir has the maximum number of wetlands followed by Arunachal Pradesh, and Sikkim 
has the minimum (NWA 2011) (Table 4.1). The total area of wetlands covering the five states 
of India, including small (<2.25 ha) and large (>2.25 ha) wetlands was 756,501 ha 
(Table 4.2). Of these, the wetlands of Jammu and Kashmir covered the maximum area 
(391,501 ha) followed by Arunachal Pradesh (155,208 ha), and Sikkim (7,477 ha) has the 
minimum area (NWA 2011) (Table 4.2). 

Wetland ecosystems such as rivers, lakes, marshes and coastal estuaries provide many 
benefits for human well-being. People living in proximity to wetlands depend partially or 
entirely on wetland ecosystem services. These include water supply, water purification, flood 
regulation, coastal protection and cultural and recreational services (Table 4.3).

There are 1,593 wetlands in Arunachal Pradesh with area >2.25 ha, covering a total area of 
around 154,609 ha (Tables 4.1 and 4.2). There are around 1,119 wetlands with area 
<2.25 ha. Due to lack of data, it is difficult to estimate the exact number of wetlands in the 



state. However, by excluding the wetlands in the Tirap district, which is mostly plains, the 
estimated wetlands of the state includes the wetlands in Lohit, East, West and Upper Siang, 
and Changlang districts. Of the total wetlands >2.25 ha, majority (1,231) are marshes, 
followed by river/stream (128), waterlogged (107) and riverine (88) (Table 4.1). 

Arunachal Pradesh is a biodiversity rich state owing to its unique climatic conditions and its 
location at the junction of the Afro-tropic, Indo-Chinese and Indo-Malayan realms. As far as 
aquatic species are concerned, fish fauna is zoo-geographically rich and connects the 
Indo-China, Indo-Malayan and Indian sub-region. Around 200 species of amphibians have 



been reported from the state. Small flocks of endangered black-necked crane (Grus nigricollis) 
have also been reported during winter from Sangti Valley in West Kameng district, Zimithang 
Valley in Tawang district (Singh 2000), Apatani Valley in Lower Subansiri district (Betts 1954) 
and Gandhigram Valley in Changlang district (Neog and Bhatt 1990). The state is also home 
to all the three Indian species of otter viz., Eurasian otter (Lutra lutra), smooth-coated otter  
(L. perspicillata) and oriental small-clawed otter (Aonyx cinerea). The Brahmaputra River and 
its tributaries harbour endangered gharial (Gavialis gangeticus) and river dolphin (Platanista 
gangetica) (Chaudhury and Hussain 1992).

There are approximately 272 wetlands >2.25 ha in Sikkim, with an area of around 7,196 ha 
(Table 4.2). There are approximately 281 wetlands <2.25 ha in area (Table 4.1). Of the total 
553 wetlands identified at present, majority are marshes (259), followed by river/stream (12) 
and lakes and ponds (1) (Table 4.1). North Sikkim has the highest number of wetlands 
followed by East Sikkim and West Sikkim.

In Sikkim, most of the wetlands are situated at higher altitudes and rugged terrain and are 
hence unexplored. Of the identified wetlands, 147 wetlands have rich wildlife, 54 have 
religious value, 16 have domestic use value and 7 have recreational value. Of the 123 
wetlands in North Sikkim district, 41 have religious value and 96 have wildlife value (Roy and 
Thapa 1998). The Lhonak valley in North Sikkim is perhaps one of the richest Trans-
Himalayan biodiversity areas in Sikkim (Lachungpa 1998). There is a good breeding 
population of the ruddy shelduck (Tadorana ferruginea) and the common redshank (Tringa 
tetanus). The number and frequency of arrival of the small population of less than 10 black-
necked cranes that regularly visited Lhonak Valley dropped down to less than 5 due to 
defense-related activities in 1980 (Lachungpa 1998). The lower altitude wetlands are home to 
all the 3 species of otters, viz. Eurasian (also occurs at higher altitudes), smooth-coated and 
oriental small-clawed otter.

The Trans-Himalayan part of Sikkim is home to herbivore species like Tibetan gazelle 
(Procapra picticaudata), southern kiang (Equus kiang polydon), blue sheep (Pseudois nayar), 
nayan (Ovis ammon hodgsoni), Royle’s pika (Ochotona royeli) and woolly hare (Lepu 
oiostolus). It also harbours carnivores like red fox (Vulpes vulpes montana), wolf (Canis lupus 
chanco) and snow leopard (Uncia uncia) (Shah 1994). The streams and marshes harbour the 
endemic Himalayan Salamander (Tylototriton verrucosus), found in the eastern Himalayas at 
an altitude of 1,500–2,500 m (Roy 1999). Apart from having conservation significance, most 
of the lakes are culturally significant as well.

Of the 641 wetlands in the state, 170 are >2.25 ha with an area of 98,025 ha and 471 are 
<2.25 ha (Table 4.1 and Table 4.2). Kullu district has the highest number of wetlands (28) 
and most of these lakes freeze during winter. Chamba and Kangra districts have large areas 



under wetlands because of Pong and Govind Sagar reservoirs. Of the 170 wetlands >2.25 
ha, most exist in the form of river/stream (67) followed by marshes (42) and manmade tanks 
and ponds (27) (Table 4.1). 

The Pong reservoir (a Ramsar site) and Govind Sagar have been identified as major waterbird 
refuges. Pong Dam harbours a major wintering population of the bar-headed goose (Anser 
indicus) in India (Li et al. 2009). Situated at the southern edge of the Tibetan plateau, 
wetlands in Lahul and Spiti have Tibetan elements. Little is known about the conservation 
value of the wetlands in this district except Chandra Tal. Most of the wetlands in Himachal 
Pradesh are small in size with little conservation value with respect to waterbirds but have high 
aesthetic value.

At present 3,651 wetlands have been identified in the state, of which 1,411 are >2.25 ha 
with an area of 389,261 ha and 2,240 are <2.25 ha (Tables 4.1 and Table 4.2). Majority of 
the natural wetlands are marshes (1,143) followed by river/stream (138) (Table 4.1). 
Previously the Directorate of Environment and Remote Sensing, Government of Jammu and 
Kashmir, identified 1,248 wetlands as small as 0.25 ha in the state with an area of 21,880 ha 
(Ahmedullah 1997). 

The wetlands of the state are important staging grounds for migratory waterbirds; at least 24 
species of Anatids are prominent. Around 85 species of waterbirds have been recorded from 
the state (Ahmedullah 1997). The Trans-Himalayan wetlands are an oasis of productivity in an 
otherwise arid steppe environment and have significant conservation value, particularly as 
breeding grounds for the bar-headed goose and the globally threatened black-necked crane. 
Other key waterbird species breeding in the area include ruddy shelduck, common redshank, 
brown-headed gull (Larus brunnicephalus), lesser sand plover (Charadrius mongolus) and 
great crested grebe (Podiceps cristatus) (Anon 1997). At least 34 species of birds are using the 
wetlands of Ladakh (Humbert-Droz 2000, Hussain and Singh 2001, Hussain and Pandav 
2008). The key mammals of the area are snow leopard, Tibetan wolf, bharal and kiang 
(Chundawat and Qureshi 1999).

The wetlands in Jammu and Kashmir provide livelihood and play a significant role in the 
socioeconomic status of local communities. Catchment areas of many lakes are extensively 
used for paddy cultivation and fishery. Trout angling in the riverine wetlands is a major tourist 
attraction. Large wetlands like Dal and Wular are part of the local culture and the unusual 
and serene landscape of the Changthang region is a popular tourist destination. The lake 
basins are grazing grounds for both domestic livestock and wild ungulates such as kiang 
(Hussain and Singh 2001).

Realizing the great ecological and aesthetic value of the wetlands, the Department of Wildlife 
Protection, Jammu and Kashmir, has identified 15 wetlands across the three regions of the 



state to be protected as Wetland Reserves in accordance with the Jammu & Kashmir Wildlife 
(Protection) Act, 1978. The Government of India has notified Wular, Hokersar and Tso Moriri 
as wetlands of national importance. 

The state of Uttarakhand, created in November 2000 from the northern Himalayan region of 
the erstwhile Uttar Pradesh state, is bordered by Uttar Pradesh in the south, Himachal Pradesh 
in the west, Tibet Autonomous Region of China in the north, and Nepal in the east. A total of 
979 wetlands have been identified (NWA 2011), of which 163 are >2.25 ha and 816 are 
<2.25 ha. Majority of natural wetlands are river/stream (81) followed by marshes (29) 
(Table 4.1). The total area of wetlands >2.25 ha is 1,03,003 ha and that of <2.25 ha is 816 
ha (Table 4.2). Of the 13 districts, Chamoli district has the maximum number of lakes; most 
of them are glacial in origin and remain frozen from November to March. Nainital district has 
nine lakes and most of these lakes are situated in the Lesser Himalayan zones at altitudes 
below 2,000 m (Garg et al. 1998). 

The wetlands, owing to their smaller size, have little significance for waterbirds. However, there 
are reports of sporadic use by waterbirds such as gadwall (Anas stripera) and northern pintail 
(Anas acuta) from Deoria Tal (low altitude lake) (Sathyakumar 1994). Three species of Indian 
otter have been reported from the lower altitudes of the Garhwal Himalayas, which are 
rapidly becoming rare in the state (Hussain 1998). The lakes of the Kumaun Himalayas form 
one of the most remarkable and beautiful features of the Lower Himalayas (Atkinson 1882) 
and are major tourist destinations. 

According to Skanda Purana, all 66 lakes in the Garhwal Himalayas are spiritually and 
culturally significant. Some of these lakes have significant hydrologic value i.e., maintenance 
of regional stream flow. The wetlands and the streams have significant domestic as well as 
medicinal value as local people believe that water from some of these lakes can cure several 
diseases.

Ladakh represents the Trans-Himalayan region of the Indian Himalayas. The Changthang 
region is the extension of the Tibetan Plateau towards the southwest into Ladakh. The area is 
characterized by a barren and rugged landscape interspersed with several lakes and marshes 
in the upper Indus River valley. The area receives <100 mm of annual rainfall with little snow, 
and is therefore recognized as a cold desert. Most of the lakes and streams of Ladakh are of 
glacial origin and remain frozen during winter (November-April). Around 13 major lakes and 
several marshes are found along the Indus River and its tributaries.

In Ladakh, tourist access is restricted to summer months, which is also the peak period of 
breeding season and other biological activities for several avifaunal species. The wetlands of 
Ladakh are fragile and various anthropogenic activities resulting from unprecedented human 



population growth, faulty rangeland management, livestock grazing and increased tourism 
threaten the wetlands and breeding waterbirds (Geneletti and Dawa 2009).

Hussain et al. (2008) examined the physio-chemical properties of water and found significant 
variation in seven lakes of Ladakh. Among inorganic non-metal constituents, except dissolved 
oxygen (DO), ammonia as a form of nitrogen (NH4-N) and sulfite (SO3-S) differed significantly 
(p<0.05). Both the quantified metallic constituents (calcium and magnesium) were found to 
differ significantly among the lakes. Based on the Total Dissolved Solids (TDS) concentration 
(Tilzer and Serruya 1990) the system of lakes in the Changthang region can be grouped into 
three types – first, the fresh water lakes with TDS <2,000 mgL-1, such as Statsapuk Tso, Kyon 
Tso-I and II, and Tso Moriri; second, the brackish water lakes with TDS >2,000-20,000 
mgL-1, such as Thatsangkaru, and Pangong Tso; and third, the saline lakes with TDS 
>20,000-40,000 mgL-1, such as Tso Kar.

Hussain et al. (2008) recorded 16 species of water birds from the Changthang region, of 
which 7 species were breeding at Statsapuk Tso, 6 species at Tso Moriri and Tso Kar, 5 species 
at Pangong Tso, 4 species at Kyon Tso II, and 2 species at Thatsangkaru (Figure 4.1). The 
great-crested grebe and black-necked crane were recorded from Statsapuk Tso and Tso 
Moriri, and common merganser (Mergus merganser) was found at Pangong Tso and the Indus 
River. Another study by Hussain and Pandav (2008) recorded 44 species of waterbirds, of 
which 19 species were breeding in various wetlands of Ladakh. 

The encounter rate of six common breeding waterbirds was calculated for various wetlands of 
Changthang (Hussain et al. 2008). Bar-headed geese were found to be nesting at all the 
lakes except Kyon Tso I. The mean encounter rate of bar-headed goose varied from 3.5 to 17 
per km. It was lowest for Thatsangkaru and highest for Kyon Tso II. Previously, Tso Moriri and 
Tso Kar had been identified as important breeding grounds for both the bar-headed goose 
and the ruddy shelduck, perhaps because of their large size and gentle shelving shorelines. 
During the survey, presence of six species of carnivores, seven species of ungulates and three 
species of other mammals was recorded based on direct and indirect evidence. The most 
common species were snow leopard, Tibetan wolf, bharal, Tibetan argali (Ovis ammon 
hodgsonii) and kiang. The other animals of conservation significance were Tibetan antelope 
(Pantholopos hodgsoni) and wild yak (Bos gruinniens), which were reported from the 
Changchenmo valley (Chundawat and Qureshi 1999).

Modern satellite tracking techniques can be used to study precise migration paths and 
stopover sites. Bar-headed goose is a long-distance migrant to the Indian subcontinent with 
major breeding population in China and small breeding population in Ladakh (India). 



However, India harbours major wintering population in the states of Jammu and Kashmir, 
Uttar Pradesh, Assam and Rajasthan (Ali and Ripley 1987). But there is a lack of information 
on the migration pattern of bar-headed goose in India unlike in other central Asian countries 
(Mahar et al. 2014). To have a better understanding of their movement pattern and home 
range, Mahar et al. (in press) monitored two Platform Transmitter Terminal (PTT) tagged 
bar-headed geese in March-August 2012 from the Gharana Conservation Reserve, India. The 
origin of the tagged birds, whether from Ladakh or extralimital, could not be ascertained as 
both the PTTs functioned only for 5–6 months. The geese, also, did not move to their possible 
breeding sites in Ladakh (India) and other central Asian countries during the tacking period. 
The PTT fitted geese used the Tawi River floodplains of India and Pakistan in Jammu and 
Sialkot districts respectively. Post winter, the two geese used several small wetlands in the Tawi 
River floodplains, moving between India and Pakistan intermittently, indicating the need for 
transboundary efforts for long-term conservation of the species in this region (Mahar et al. 
in press).



During a further study carried out to generate information on the migration pattern of 
waterbirds in Ladakh, four geese were captured at Chushul area of the Changthang Wildlife 
Sanctuary using nooses in 2013 (WII 2014). Two of them were fitted with PTT and 
conventional neck bands and rings and two were collared with only conventional neck bands 
and tagged with tarsus rings. Two black-necked cranes were also fitted with PTT and tarsus 
bands. The cranes moved towards the Chinese territory and showed lateral migration, while 
PTT fitted bar-headed geese moved towards the Himachal Pradesh border till early winter 
(December) and the two geese fitted with only neckband and rings were reported from 
Gharana Wetland, Jammu. This study was able to track the migration of bar-headed geese 
from breeding site (Ladakh) to wintering site (Gharana wetland) via Himachal Pradesh 
(probably Pong Dam) (WII 2014). However, results are preliminary and more telemetry based 
studies are needed to track migration route.

The Changthang region has around 41 villages with a population of 9,500 people. They 
have approximately 140,000 domestic livestock, 90% of which are sheep and goat and the 
remaining 10% are domestic yak, ponies and dzo (hybrid between yak and cattle). People and 
livestock depend on the lakes and marshlands of the region for grazing pastures and 
associated livelihood options (Hussain et al. 2008). The study also found that the overall 
disturbance score was highest for Tso Moriri followed by Tso Kar, Statsapuk Tso and Pangong 
Tso. Both Kyon Tso I and II were least disturbed. The human use parameters that pose threats 
to the lakes and their catchments are: presence of villages in their vicinity, army camps, 
grazing by livestock and unregulated tourism. The resultant impacts are: extraction of biomass 
from the catchments, diversion of stream waters for agricultural purposes, problems of solid 
waste disposal and increasing pollutant load in the lakes (Figure 4.2).

The great geomorphological, climatic and altitudinal variations in the Himalayas has ensured 
rich diversity of wetlands such as large and small lakes, seasonally flooded marshes, hot 
springs and some of the most important river systems in the Indian subcontinent. Most of these 
wetlands have significant conservation values attached to them. Climate change studies have 
shown the vulnerability of wetlands to their stochastic changes in recent times. The change in 
temperature can affect aquatic ecosystems of high-altitude lakes (Sammaruga-Wograth et al. 
1997). There is evidence of shift in range and distribution of waterbirds owing to change in 
temperature (Lehikonin et al. 2013). Many changes such as changes in the breeding cycle, 
migration timing and population size are visible in the current scenario (Crick 2004).

In recent years, efforts, though minimal, are being made to prepare inventories of these 
wetlands for conservation prioritization. Of the 8,536 wetlands in the entire Himalayan 
region, only 6 wetlands, 3 each in Jammu and Kashmir (Wular, Tso Moriri, Tsigul Tso) and 
Himachal Pradesh (Renuka, Chandra Tal and Pong Dam), have been formally identified as 
wetlands of national importance and conservation inputs have been extended. Conservation 



efforts for the Himalayan wetlands have largely been concentrated in the two western 
Himalayan states of Jammu and Kashmir and Himachal Pradesh. The eastern Himalayas, 
which contains around 38.2% (3,265) of the total Himalayan wetlands, are grossly neglected 
though they have equal conservation value as the wetlands of the western Himalayas. These 
wetlands are important wildlife habitats and have significant socio-cultural values. Around 
83.1% of the wetlands in Arunachal Pradesh and 16.9% in Sikkim warrant immediate 
conservation measures. Conservation programmes for the wetlands in the Himalayas should 
take into consideration transboundary issues that affect conservation in the border region of 
India, Nepal, China and Bhutan. Regional cooperation is essential for effective management 
of artificially divided ecological units. The Ramsar Strategic Plan actively supports the 
identification of transboundary wetlands of international importance including those with 
shared catchment/river basins.

A study by Hussain et al. (2008), which obtained limnological estimates different from those 
obtained by Hutchinson (1937), confirmed that the character of the lakes has changed. These 
changes may be attributed to human water use in the basins. At the onset of summer, large 



numbers of Rebos (tents) are pitched along the streams and people use stream water for 
domestic purposes. These Rebos contribute to the large amount of nitrogenous compounds in 
the lakes, resulting in unusually high concentrations of Ammonium-N and Nitrate-N, 
particularly in Tso Moriri.

Conservation and development issues in Changthang are primarily due to high population 
growth in Ladakh; the population increased by approximately 30% between 1971 and 2001 
(Hussain and Badola 2003). It has led to resource crunch leading to conflict between the 
indigenous communities and the refugees, and between domestic livestock and wildlife, 
especially near wetlands. Large herds of goats and sheep disturb nesting birds and trample 
their eggs while shepherd dogs predate eggs, chicks and fledglings (Chandan et al. 2005). 
Furthermore, tourist influx to Ladakh, which was predicted to reach 94,762 per annum by the 
year 2016 (Kichloo 1997), already crossed this limit in the year 2011 (William-Oerberg 
2014). The increasing pressure on camping grounds will lead to further degradation of 
catchments and the pastures. 

Recognizing the conservation significance of the area, the entire Indian Changthang was 
declared a protected area (Chundawat and Qureshi 1999). However, due to lack of 
alternatives, local people are forced to depend on the scarce natural resources and the 
designated protected area status has been ineffective. From our synthesis we conclude that 
instead of developing conservation measures for individual lakes, an integrated landscape 
approach is required to conserve the complex system of lakes and marshes in Changthang. 
Declaring the area as a Biosphere Reserve would be a welcome step. Studies to assess the 
carrying capacity of the proposed Biosphere Reserve in terms of livestock density, biomass 
productivity, negative human-wildlife interaction and number of tourists, needs to be 
conducted and incorporated in the decisions pertaining to its management. Local level 
institutions need to be established to resolve the conflict over resource use between the 
communities in the region. Studies on the movement pattern of waterbirds would be helpful 
for transboundary collaboration as species like bar-headed goose and black-necked crane 
migrate between India and China, and other countries as well (WII 2014; Mahar et al. in 
press). Eventually, developmental activities ensconced within conservation ethos is the only 
way to secure the long-term conservation of this fragile ecosystem.
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