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Abstract
The present study was conducted in Little Rann of Kutch (LRK) landscape in the Gujarat state of western India. It is a vast saline 
mud-plain holding the last remaining source population of Indian wild ass (Equus hemionus khur) or Khur after its population from 
other parts of the world got locally extinct. Khur occupy fringes of the Sanctuary and bets (islands) having grassland and scrubland 
vegetation. Taking adequate and effective management decisions and monitoring would be difficult in absence of reliable information. 
Line transect sampling will ensure robust population estimate of Khur. By bridging this gap with adequate information, meaningful 
and effective management decisions can be taken. We have conducted line transect surveys using foot and vehicle transect following 
distance sampling in southern fringe as intensive study site. The density estimates (No./km2 ± SE) in southern fringe of LRK during 
two surveys were 5.76 ± 0.91, 6.08 ± 1.39 in winter and 2.29 ± 0.55 in summer from foot transect and 5.2 ± 0.73, 6.72 ± 1.12 in winter 
and 4.29 ± 0.87 in summer from vehicle transect, respectively. The study will help managers to evaluate long term monitoring method 
and make adaptive management decisions. 

1. Introduction
Population variability over time due to various factors has 
been the central goal of animal ecology1. To make decisions 
regarding conservation management, we need precise estimates 
of population density of the target species. Indian wild ass or 
Khur (Equus hemionus khur) population had been estimated 
using line transect sampling for the first time in LRK in 1998 
by Gujarat Forest Department26 which was not exercised in 
following surveys. The global habitat of Khur that was once 
wide-spread in the Indian subcontinent across the western 
arid landscape of Pakistan, Baluchistan and Afghanistan is 
now restricted to the LRK landscape2–5,27 which is 5000 square 
kilometre of saline desert covered with brine and windblown 
sand. The landscape is the last remaining home of Khur which 
has been playing the role of an ecosystem specific to large 
herbivores by shaping the structure of the landscape6,30. Khur is 
a generalist grazer, which consumes large amount of roughage 

for their dietary need7,8. The high dependency on grassland 
communities makes them the landscape engineer crucial to 
conserve the Semi-arid ecosystem of LRK1,3, thus estimation 
of population density is important to conserve and manage 
their population and habitat9–11. Being one of the rare species, 
it has been kept under Schedule-I of the Wildlife Protection 
Act, 1972 and considered Near Threatened in IUCN Red List29. 
The Khur population was estimated to be 4000 in 194612 which 
suffered sharp decline with an estimated population of 800 
individuals during early 60’s due to disease named “Surra (a 
parasitic disease caused by trypanosomes)” and consecutive 
severe droughts3,5,12,13. The ability to thrive in extremely human 
dominated landscape and protection measures taken up by 
declaring Wild Ass Sanctuary in 1972 revived the population 
to 3000 individuals in 1998 and since then a steady growth 
in population has been documented3,14. Also, in a Semi-arid 
ecosystem, population of large herbivore fluctuates due to its 
unpredictable weather change and change in forage quality 
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and quantity15. The impact of decreased forage density is much 
higher on desert ungulate than any other resource. The drought 
in a Semi-arid ecosystem could cause catastrophic decline 
in large ungulate populations16 with higher probability of 
zoonotic diseases getting transmitted from the livestock. Surra 
is still seen in this area and is affecting the population (Dr. Nita 
Shah press com). Apart from environmental and ecological 
stochasticities, the highly human dominated landscape with 
villages surrounding the protected area boundary exhibits 
direct or indirect dependencies on the Khur habitat where 
human added factors such as changing land use vary spatially 
and temporally that could impact decision making on habitat 
selection17. Therefore, it is important to know the population 
dynamics in order to understand their strategies on habitat 
selection and behavioural adaptations governing their 
movement across the landscape. Long term monitoring of 
population through temporally spaced population estimation 
of the same area for several decades or at same time surveying 
different sites could only give us the proper understanding of 
trends in spatial and temporal changes in their population 
density18,19. At the same time, abundance of sympatric 
herbivore including livestock which occur in the same foraging 
space is equally important. Abundance of livestock (cattle and 
buffalo) observed to higher in the southern fringe (41.65/km2 

from foot transect in post-monsoon) during this study at the 
onset of monsoon season. Competition over shared space and 
diet is a density-dependent factor which could potentially 
govern the impact of livestock on Khur population dynamics28. 
Considering all the challenges associated to the landscape, long 
term Khur population management needs regular monitoring 
and adequate information. In this study, we monitored Khur 
population density using line transect method20 to generate 
population estimates and bridge the knowledge gap to help 
management to assimilate effective conservation strategies.

2. Materials and Methods

2.1 Study Area
The semi-arid landscape including the saline mud-plain and 
surrounding fringe villages are together called LRK landscape 
which is about 5000 km2 area and is located within 23°10’-
23°45’ north and 70°45’-71°45’ east. Total 4953.71 km2 area of 
LRK landscape was notified as the Indian Wild Ass Sanctuary. 
The landscape is just above the sea level adjoining the Gulf 
of Kutch of Gujarat state. The major vegetation is dominated 
by Prosopis juliflora scrub. Among native tree species Acacia 
nilotica, A. senegal, Salvadora persica, S. oleoides are present in 
sporadic patches along the fringe. The LRK comprises of three 
distinct surface features: 1. Rann (the exposed saline mud-

flats in which almost nothing grows), 2. The higher islands 
or sandy soils, nearly free from salt with a cover of grass and 
sparse scrubs, commonly called ‘bets’ or ‘islands’ and 3. The 
shore or fringes of the mainland which border the Rann and 
support scattered vegetation. About 75 islands (bets) with 
vegetation growth of which, 10 are major bets that used as 
breeding ground by Khur in monsoon. In monsoon, the entire 
sanctuary gets inundated by rain water and become a wetland 
for 2 to 3 months which is the peak breeding season of Khur. 

2.2 Method
The line transect sampling was done to survey the LRK 
landscape. In this study, southern fringe was selected as the 
intensive study area to monitor change in population density 
over the period of 3 years from 2012-13 to 2015-16. Line 
transect sampling was performed by foot and vehicle transect 
method. In 2012-13 and 2015-16, during winter season, the 
southern fringe was surveyed using foot transect method. 
Similarly, vehicle transect was sampled in 2014 and 2015 
during winter season. During summer season, in 2014, the 
southern fringe was surveyed using both foot and vehicle 
transect method. 

In foot transect sampling, the fringe areas were walked 
whereas in vehicle transect, along with the fringe areas, 
the larger saline-plain adjacent to the southern fringe was 
surveyed. Foot transects were laid over the village trails that 
start from village and end into the Rann. These trails were 
sampled following systematic random sampling design where 
starting points were randomly selected26. On each observation, 
the cluster size, sighting angle, radial distance, habitat type and 
geographical location were recorded. 

2.3 Data Analysis
The data was analysed using DISTANCE 7.3 software in 
Conventional Distance Sampling (CDS) module20. 

3. Results

3.1 Density of Khur in Southern Fringe 
(Intensive Area) 
In winter seasons of 2012-13 and 2015-16, density estimates 
(No./km2) from foot transects were 5.76 ± 0.95 and 6.08 ± 
1.39 with walk efforts of 154.49 km and 75.53 km, respectively 
(Table 1). From vehicle transect samplings in winter seasons 
of 2014 and 2015, density estimates were 5.2 ± 0.73 and 6.72 ± 
1.12 with total efforts 111 km and 93.89 km, respectively (Table 
2). Mean cluster sizes were 5.15 ± 0.54, 4.9 ± 0.63, 4.05 ± 0.46 
and 6.3 ± 0.65 in winter surveys by foot and vehicle transect, 
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Figure 1. I. Recent political map of India with all states, II. State of Gujarat and Little Rann of Kutch landscape, III. LRK 
landscape and southern fringe area (intensive study site) with foot and vehicle transect samples.

Table 1. Population estimates from Conventional Distance Sampling of southern fringe during winter and summer seasons 
from foot transect

Parameters 2012-13 (Winter) 2015-16 (Winter) 2014 (Summer)
Estimate % CV Estimate % CV Estimate % CV

Sample 44.00   23.00   28.00  
Effort 170.95   79.73   100.76  
Observations 167.00   78.00   56.00  
ESW 362.88 ± 9.93 2.74 362.88 ± 9.93 2.74 362.88 ± 9.93 2.74
Density of cluster 1.35 ± 0.16 12.26 1.35 ± 0.25 18.48 0.77 ± 0.16 20.57
Mean cluster size 5.15 ± 0.54   4.9 ± 0.63   3.39 ± 0.35  
Density (No./
km2)

5.76 ± 0.91 15.93 6.08 ± 1.39 22.99 2.29 ± 0.55 24.07

Encounter rate 0.98 11.95 0.98 18.28 0.56 20.39
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Table 2. Population estimates from Conventional Distance Sampling of southern fringe during winter and summer seasons 
from vehicle transect

Parameters 2014 (Winter) 2015 (Winter) 2014 (Summer)
Estimate % CV Estimate % CV Estimate % CV

Sample 3.00       17.00  
Effort 111.00       168.20  
Observations 133.00       93.00  
ESW 399.99 ± 10.4 2.60 399.99 ± 10.4 2.6 313.13 ± 24.47 7.82
Density of cluster 1.49 ± 0.15 10.26 1.10.13 11.61 0.88 ± 0.15 17.04
Mean cluster size 4.05 ± 0.46   6.3 ± 0.65   4.86 ± 0.54  
Density
(No./km2)

5.2 ± 0.73 14.08 6.72 ± 1.12 16.65 4.29 ± 0.87 20.29

Encounter rate 1.19 9.93 0.88 11.32 0.55 15.14

Figure 2. Bar-plot showing Khur population density in southern fringe during winter and summer season from foot and 
vehicle transect in different years.
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Figure 3. Distribution of Khur in southern fringe from foot and vehicle transect during; A. Summer season and B. Winter 
season.

respectively. In summer season in 2014, density of Khur was 
estimated at 2.29 ± 0.55 and 4.29 ± 0.87 with foot and vehicle 
transect samplings, respectively. The mean cluster sizes were 
3.39 ± 0.35 and 4.86 ± 0.54, respectively in summer. 

4. Discussion
Indian wild ass is a large ungulate and uniformly distributed 
along the fringe areas of Little Rann of Kutch3. The extensive 
use of trails and fringe habitats by the people has made the 
wild ass herds habituated towards human presence26. In Little 
Rann of Kutch, the prime wild ass habitats are the scrubland, 
grasslands with low or medium scrub growth, fallow-land and 
Rann. The thorny scrub-lands were difficult to penetrate in 
many parts and surface area is flat, so the trails were selected 
as transects following the basic assumptions of Distance 
sampling method20-22. The hoof makes the tapping sound like 

horses while running which was easily recognizable and was 
helpful in detecting their presence near the transect when they 
remain invisible due to the scrub thickets. 

The southern and eastern fringe was the richest in terms 
of resource productivity where Khur groups were closely 
packed due to resource availability whereas the western and 
northern fringes were resource poor5. The population density 
did not change in winter surveys whereas in summer season, 
it was low. The mean cluster size was same in both the winter 
surveys and no remarkable change was observed in summer. 
It was assumed that the resource availability has an important 
density-dependent effect on Khur population by regulating 
their movements where although the adults remain less 
affected but infant survival and decreased fecundity rate might 
affect the population density as a whole23. 

Khur breeds during monsoon season along the fringe and 
bet areas where grassland habitats remain highly productive3. 
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Due to resource availability in terms of food and water, 
Khur herds show higher congregation with closely packed 
groups5. The herds with new born foals prefer fringe habitat 
due to good forage quality and lesser human movement in 
sanctuary area in monsoon. However, livestock population 
from the fringe villages graze in fringe habitats due to which 
fringe grassland habitats start degrading in forage quality and 
natural water sources also completely dried up towards the 
beginning of summer season. In summer, Khur groups tend to 
move outside sanctuary towards agriculture areas where food 
and water from irrigated farmlands are available and Khur 
density inside sanctuary decreases. After the development 
in Narmada canal irrigation system, entire southern fringe 
witnessed drastic change in terms of land use where majority 
of non-irrigated croplands and wastelands were converted 
into irrigated farmlands24 and the process was ongoing during 
the study. Reduced density in summer indicates the effect 
of change in resource availability in southern fringe. Studies 
suggested that individuals change their movement behaviour 
to adjust with the local habitat and show preference for 
some habitat types over others25. Also large herbivores are 
comparatively difficult to conserve in a human dominated 
landscape because of their unique tendency towards suitable 
habitat and crop raiding13. Due to large area of the landscape 
and harsh climatic conditions, population estimation at an 
interval of 5 years should continue. However, the total count 
does not indicate valuable insights into the population density 
across the landscape and in specific areas with rich occurrence. 
Following the study conducted by Shah and Qureshi (2007), 
present study observed similar distribution pattern of Khur 
along the southern fringe. Therefore, it is advisable to monitor 
the population in both winter and summer and associated 
density-dependent factors like new recruitment, mortality, 
habitat quality, water distribution and disease. 

The study provides reliable population estimates of Khur 
from both foot and vehicle transect methods. During winter 
and summer, the saline plain remains accessible and vehicle 
transects can be convenient to exercise continuous monitoring 
with lesser man-power and within short period of times3,26. 
The regular census conducted by forest department at every 5 
years interval should be done every 3 years using line transect 
sampling which would be economically viable in comparison 
to the exercise involving large man-power and possible to 
achieve reliable estimates of population density by checking 
biases involved in total count. Also, long term monitoring 
data would help in detecting and understanding change in 
population density. Further studies to understand the role 
of land use change and other human aided pressure on the 
habitat would help the management to take necessary steps in 
conserving the landscape and Khur population.
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