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Abstract: The issue of livestock grazing poses a significant challenge to the long-term viability of wild ungulates. During the summer season, 
the Jispa valley of Lahaul and Spiti regions of Himachal experience a significant influx of migratory livestock and coexist and share habitat with 
the Himalayan Ibex. In the current study, employed the classification of Landsat 8 imagery to determine the land cover land use classes. The 
image classification achieved an overall accuracy of 82.96% and κ statistic value of 0.81. Species distribution of the Himalayan Ibex and 
livestock were performed using the Maxent modelling approach, with the utilisation of land cover classes and topographic parameters. The 
results of the identity test demonstrate a noteworthy degree of overlap between the Himalayan ibex and Schoener's D and Warren's I, 
livestock. Additionally, the background test indicates that the environmental conditions for Himalayan ibex and Schoener's D and Warren's I 
livestock are not entirely equivalent. Present study suggests the implementation of effective conservation plan to manage livestock and 
grazing areas for long-term survival of the wild ungulate species in the study landscape.
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Globally, competition between wild ungulates and 

livestock is the most prevalent land utilization activity on a 

worldwide scale (Robinson et al 2014, Schieltz and 

Rubenstein 2016). Limitation of available resources used by 

species of the same trophic level leads to interspecific 

competition, which negatively affects species fitness. 

Competition between taxa mammals, birds, fish, reptiles, viz. 

and insecta is one of the most studied research areas 

(Bagchi et al 2004, Bergstrom and Mensinger 2009, Polo-

Cavia et al 2009, Maron et al 2011, Zanni et al 2020). The 

competition between ungulates can be resource competition, 

in which species compete for shared space or food and 

another is interference competition where one species 

impacted the environment by some adverse effect, which 

reduces the environmental quality for another species (Birch 

1957). Furthermore, the grazing activity of livestock is a 

serious threat to wild ungulates because the livestock 

outnumber wild ungulates, and the competition between wild 

and domesticated ungulates leads to multifaceted negative 

impacts on the trophic level. For millions of years, ungulates 

have been essential to maintaining higher trophic levels in 

ecosystems (Goderie et al 2013, Ripple et al 2015, Roberts et 

al 2021). The feces of ungulates act as natural fertilizer for the 

growth of seedlings (Hancock et al 2010, Faust et al 2011). 

Livestock grazing is also becoming a negative axis for 

reducing available fodder plants and the crucial habitat of 

wild ungulates by altering plant composition and structure 

(McIntyre et al 2017, Ren et al 2021) and trampling and 

grazing damaged the seedlings (Krzic et al 2006, Wassie et 

al 2009, Thakur et al 2011). It is evident that conflict between 

native ungulates and livestock is upsurge in many 

landscapes (Ren et al 2021). The Himalayan landscape has 

experienced pastoralism for a few eras. Every summer, 

enormous herds of sheep, goats, cattle, and equines migrate 

to the alpine meadows; in order to avoid the harsh cold, they 

brought back to lower elevations in the middle of autumn 

(Kittur et al 2010). Pastoralism and other disturbances have 

the potential to impact the nutritional balance of wildlife. 

These disturbances can result in increased energy 

expenditure as wild ungulates move away from the 

disturbance, potentially leading them to forage in suboptimal 

habitats instead of areas with higher-quality resources , and

wild ungulates may face competition and be excluded from 

more favourable habitats ( The significant Schaller 1977). 

number of rangelands in the Trans-Himalaya region are 

currently experiencing overstocking, leading to a notable 



decline in livestock productivity ( ). The Mishra et al 2001

shifting in habitat use, elevational and dietary niche of wild 

ungulates is altered by livestock grazing (Namgail et al 2009, 

Suryawanshi 2009 The wide range of habitats display ). 

diversified distribution pattern (Joshi et al 2020). The 

distribution range of the  is in the elevated Capra sibirica

areas of India, Kazakhstan, Uzbekistan, Afghanistan, 

Pakistan, Tajikistan, Kyrgyzstan, Mongolia, Russia, and 

China (Otgonbayar et al 2017). This species is commonly 

found in the Western Himalayan states of India (Joshi et al 

2020). The Himalayan Ibex has been categorised as a "Near 

Threatened" species by the International Union for 

Conservation of Nature (IUCN) Red List (Reading et al 2020) 

and in India, it enjoys protection under Schedule I criteria 

under the Wildlife (Protection) Act of 1972. The Land cover 

Land use (LCLU) has a pivotal role in determining the 

habitats of any given species (Sherbinin 2002). The 

importance of satellite image classification for land cover 

categorization, have significant role in addressing societal 

needs related to managing natural resources, monitoring, 

and societal growth initiatives (Topaloğlu et al 2016, Khatami 

et al 2016). Image classification is a methodology that 

involves the categorization of individual pixels inside an 

image or raw image obtained from satellites used for remote 

sensing. The purpose is to provide suitable labels to distinct 

land cover categories (Abburu and Golla 2015). 

Furthermore, the impacts of pastoralism on wild ungulates in 

Trans-Himalaya is an important subject which have been 

studies from few decades. In this study, specifically 

investigated the geographical niche overlap that exists 

between Himalayan Ibex and livestock in the Jispa valley of 

the Lahaul-Spiti district, located in Himachal Pradesh.

MATERIAL AND METHODS

Study area: The present study area falls under the Jispa 

valley of Lahaul-Spiti district, Himachal Pradesh. This 

present study landmass situated in the eastern part of the 

district and lies from latitudes N and 32.5556° to 32.7626° 

longitudes . This region is 77.0294° to 77.3009° E (Fig. 1)

characterised by mountains adorned with snowcaps, gently 

sloping inclines, and limited vegetation. The region situated 

under the Trans Himalaya Ladakh Mountains (1A) Indian 

biogeographic zones and has a total size of 559 square 

kilometers. Summer and winter are the two prominent 

seasons of this area. In the summer season the inhabitants 

grow cash crops mainly peas, cabbage, potatoes and 

cauliflower, which is the main source of their livelihood. In 

winter frequent high snowfall occur in this area. Bhaga river 

intersected this area. Furthermore, this area is the home of 

many charismatic wild mammals.

Image classification and occurrence point of the 

Himalayan Ibex and Livestock: The Landsat 8 image was 

used to classify the LCLU using a supervised machine 

learning method based on a random forest algorithm 

(Rodriguez-Galiano et al 2012, Sonobe et al 2014) (Table 1). 

In this approach, decision trees are constructed individually 

and then combined in a random manner (Sonobe et al 

2017,Thanh Noi and Kappas 2017). The image was 

categorised into nine distinct types, namely juniper patch, 

scrub, barren land, sparse vegetation, agriculture land, 

settlements, water, permafrost, and road. During the field 

survey, training data was collected from eight LCLU classes, 

excluding the permafrost class. The accuracy of the 

classification is determined by overall accuracy, kappa 

coefficient and F-statistics are utilised to assess the accuracy 

of the different categorised classes (Congalton 1991, Neetu 

and Ray 2020). The image classification was performed via 

the dzetsaka classification tool, which is integrated within the 

QGIS platform (Karasiak 2019). Furthermore, the collection 

of the occurrences of the Himalayan Ibex and livestock we 

employed camera trapping, trail sampling, direct observation 

and questionnaire survey. Nevertheless, due to the presence 

of terrain ruggedness, incline slopes, high peaked snowy 

mountains, and unpredictable weather conditions in the 

research region, we conducted representative sampling.

Variables preparation and selection: In this present study 

selection of ecologically pertinent variables and extracted 

Euclidean distance from each LCLU classes derived from 

Satellite Sensor Path & Row Acquisition date Resolution (meter) Scene ID

Landsat 8 OLI & TIRS 147 & 37 18-09-2022 30 LC81470372022261LGN00

Table 1. Acquisition details for the Landsat 8 imagery

LCLU lassc F-statistics

Agriculture 77.19

Sparse vegetation 87.06

Barren 82.93

Scrub 79.17

Juniper patch 74.53

Settlement 83.02

Permafrost 96.55

Water 90.70

Road 77.58

Table 2. Class accuracy metrices of Landsat 8 classified 
images using F – statistics
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classified Landsat 8 image. Moreover, used Alos Palsar, 

Digital elevation model (DEM) data and further the 

topographic variables calculated from this DEM data. 

Furthermore, generating all the variables resampled them at 

30-meter spatial scale. A total of 16 variables were initially 

prepared for this present study (Table 3). In the process of 

constructing the final model, we opted to include solely 

uncorrelated variables based on Pearson correlation 

coefficients (r) that demonstrated a correlation coefficient 

exceeding 0.8.

Niche overlap: The ecological niche of the Himalayan Ibex 

and the livestock analyzed by the Maximum Entropy model 

(MaxEnt) (Phillips et al 2006). In order to conduct a 

comparative analysis of the expected distributions of 

Himalayan Ibex and livestock, we utilised the Environmental 

Niche Modelling (ENM) approach. Specifically, employed 

identity test and background test and two metrices 

Schoener's D and Warren's I indices, which have been 

recommended for ENM comparisons and were applied using 

ENMTools 1.1.1 (Warren et al 2021). This metric is widely 

recognized as a standardized tool for quantifying the relative 

similarity between observed niches, thereby enabling 

comparisons akin to percentage overlap (Rödder and Engler 

2011, Broennimann et al 2012, Filz and Schmitt 2015). The 

measurement of potential distribution similarity is achieved 

by conducting a comparative analysis of corresponding 

values within individual cells of two grids. This similarity 

metric ranges linearly from 0, indicating a complete absence 

of similarity, to 1, signifying that the two grids under 

examination are entirely identical (Warren et al 2010). 

RESULTS AND DISCUSSION

Image classification: The classification of Landsat 8 

imagery by random forest algorithm shows overall accuracy 

of 82.96 and statistic 0.81 (Fig. 1), which depicts an overall κ 

good classification of this image. Furthermore, the accuracy 

estimation for classifying each feature class from this image 

by F- statistics depicts, all classes gain good accuracy when 

compared by ground-truthing data (Table 2).

Niche overlap result:The MaxEnt analysis yielded an 

acceptable Area Under the Curve (AUC) value, indicating its 

efficacy in predicting the spatial distribution of these ungulate 

species within this landscape. The estimated AUC for the 

Himalayan Ibex on the training data is 0.86, whereas the AUC 

for livestock on the training data is 0.92 (Fig. 2). The 

ecological niche of the Himalayan Ibex and livestock was 

assessed through the identity tests using two metrices, 

namely Schoener's D and Warren's I. The results of similarity 

test Schoener's D is 0.72 and Warren's I is 0.93. However, 

background tests results of environment similarity test of 

Schoener's D is 0.17 and Warren's I is 0.28. Therefore, the 

identity test reveals a significant degree of niche overlap 

between the wild ungulate and the livestock (Table 4, Fig. 3). 

The outcomes of the symmetric background tests, indicate 

that there is not a high resemblance between the ecological 

niches of the Himalayan Ibex and livestock in terms of 

environmental areas (Table 4, Fig. 4). The results of the 

symmetric background test indicate that the p-values for 

Schoener's D and Warren's I are both less than 0.05. This 

suggests that the null hypothesis is rejected, indicating a 

difference in the environmental space.

The livestock movement governed by the shepherd 

intervention, so their movement is restricted, moreover the 

livestock outnumbered the Himalayan Ibex, so the wild 

ungulate moves to this area where livestock not . occupied

Bagchi et al (2004) found that Himalayan Ibex and livestock 

use the similar habitat properties and their diet also not 

different which indicate high degree of niche overlap. Another 

study found there are high activity overlap coefficient 

between Himalayan Ibex and livestock with  value of 0.80 Δ

(Salvatori et al 2021). Furthermore, Himalayan Ibex and its 

domesticated sympatric species (sheep and goats) shown 

the high degree of dietary overlap, which have detrimental 

effects on wild ungulates (Bagchi and Mishra 2006, Sharma 

et al 2015, Siraj-ud-Din et al 2016, Salvatori et al 2021). The 

relatively lower elevated region yields high-quality fodder 

Code Variables

Land cover 
land use 
variables

Agriculture* Agricultural areas distance

Barren* Barren land distance

Juniper patch* Juniper patch distance

Permafrost Permafrost areas distance

Road Road ways distance

Scrub* Scrub lands distance

Settlement Settlement distance

Sparse 
vegetation*

Sparse vegetation areas distance

Water* Water lines distance

NDVI* Normalized difference vegetation 
index

Topographic 
variables

Elevation* Elevation

IMI Integrated moisture Index

Aspect* Aspect

CTI* Compound Topographic Index

Heatload Heat load index

Ruggedness Ruggedness

Table 3. Variables used for evaluating potential suitable 
habitat of Himalayan Ibex and livestock in the 
present study area

‘*' denotes used variables for Ecological Niche modelling
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Fig. 1. Present study area location (a) and Landsat 8 
classified image of the study area (b)

Fig. 2. Predicted suitable habitats of the (a) Himalayan Ibex 
and (b) livestock in the study area using MaxEnt 
modelling

Fig. 2. Predicted suitable habitats of the (a) Himalayan Ibex and (b) livestock in the 
study area using MaxEnt modelling

Fig. 4. Outcomes from the background test for the Himalayan Ibex and livestock 
across the geographic and environmental contexts. Histograms of 30 test 
simulations employing two distinct metrics, the Schoener's D and the 
Warren's I. The observed values showed by dotted lines
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Metrices D I env.D env.I

Identity test 0.06 0.06 0.13 0.13

Background test 0.03 0.03 0.03 0.03

Table 4. p value of Niche overlap metrices, viz.Schoener's D 
and Warren's I of Identity test and background test

plant throughout the summer season, primarily utilised by 

livestock, thereby displacing the Himalayan Ibex from this 

location to habitats of inferior quality. Differentiation in 

resource usage facilitating co-existence and similarity in 

resource selection might cause competition (Voeten and 

Prins 1999, Bagchi et al 2003, Bagchi and Mishra 2006).The 

findings indicate that migratory goat and sheep populations 

in Jispa Valley contribute to spatial niche overlap with 

Himalayan Ibex, potentially posing a risk for disease 

transmission and pasture degradation (Khanyari et al 2022). 

Therefore, it is imperative that conservation management in 

Jispa Valley prioritises the resolution of the migratory grazing 

problem. Human – nature relationship is one of the well-

known facts in recent world, human development and 

resource utilisation decline the natural balance, where Global 

Change Research human role is one of the key factors as a 

driving force (Holm et al 2013). Furthermore, the livestock 

grazing also reason of the retaliatory killing of the apex 

carnivores like snow leopard, wolf because of declination of 

natural prey like Himalayan Ibex and they hunt on livestock 

(Snow Leopard Network 2014, Mishra et al 2016, Salvatori et 

al 2021). Undeniably, livestock grazing plays a significant 

role in the economic livelihoods of local communities and 

shepherds. Consequently, it is imperative to closely monitor 

and manage livestock populations and implement effective 

pastoralism. These measures undoubtedly contribute to the 

preservation and maintenance of the natural wildlife 

population.
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