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Roads are vital for connecting people, transporting goods and in turn the national
economy. However, they pose diverse and complex challenges for conserving
wildlife. Roads function as habitats, sources, sinks, barriers, and conduits,
depending on its location and traffic volume (Forman 2000; Trombulak and Frissell
2000; Jaeger et al. 2005; Fahrig and Rytwinski 2009). Roads passing through
natural areas can adversely impact wildlife values, ecosystem processes and
landscape functions (Forman 2003; Ree et al. 2011). The most significant
negative impacts of roads include:

a) barrier effects that impair movements of wildlife, eventually leading to genetic
isolation of populations

b) traffic-induced mortality of wild animals in crossing zones

c) loss of vital habitat due to the physical presence of roads (Baskaran and
Boominathan 2010; Daigle 2010; Ree et al. 2015)

d) disturbance and pollution 

Barrier effect, wherein, dispersal ability of animals in search of food, shelter and
mate that is vital for the species’ survival and genetic admixture gets affected, is
the most serious impact of roads. A road becomes a physical barrier to animals if
the traffic intensity is so high that safe passage is not possible. Sensitive, small
and slow-moving species avoid roads with 1000-4000 vehicles/day and most
species avoid roads with >10000 vehicles/day (Iuell et al. 2003). Avoiding barrier
effects entails making the road permeable to wildlife movements through animal
passages. Even if traffic intensity is less, some species are inherently sensitive to
large man-made structures and avoid the vicinity of roads (Iuell et al. 2003). 

Mortality of animals due to traffic collisions is the most visible impact of roads,
killing millions of animals every year. This becomes a population level problem for
endangered species. Small mammals, reptiles and amphibians that cross roads
slowly, scavengers that use roads for resources, and even some birds that use
road verges as habitats (nightjars, owls etc.) are more vulnerable. Species that are
sensitive to disturbances, rare, have small populations, large home ranges or long
seasonal movements, are particularly vulnerable to barrier and mortality effects
(Iuell et al. 2003).

Because of these impacts and the long-term modifications of the natural
landscape post construction (Bennett 1991; Noss & Cooperrider 1994; Liu et al.
2008; Laurance 2008), roads are considered among the greatest challenges for
biodiversity conservation (Noss 2002; Grilo et al. 2011; Bennett 2017; Lechner et
al. 2018; Mehri et al. 2018). Therefore, roads passing through wildlife habitats
need to incorporate mitigation plans, that include, alteration of alignment to avoid
critical habitats and animal passages to make the road permeable for their
movement across habitats.
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Projects to improve road infrastructure must take cognizance of these impacts on wildlife and
need to adopt eco-friendly measures or ‘green infrastructure’ (Rajvanshi and Mathur 2015). Road
networks passing through Protected Areas and other sensitive habitats should be given the
highest consideration for adopting these measures. Adequate guidance is now available
(Clevenger and Waltho 2005; WII 2016; Beben 2016; Pragatheesh 2019) for adopting crossing
structures such as overpasses, underpasses, culverts and channels for facilitating animal
movements and avoiding fragmentation of wildlife habitats. Additionally, the design and location of
these crossing structures need to be compatible with the species’ ecological needs and
behavioural preferences. 

Barrier effect along
increasing traffic volume
(Graph by Andreas Seiler,
unpubl, reproduced from Iuell
et al. 2003).

THE PROPOSED ROAD
The Bharatmala road project entails extension of NH11 from Jaisalmer to Myajlar. Currently, there
is an existing road which has been proposed to be widened and upgraded to National Highway.
The existing road is 3-4 metres wide with a single lane, and is proposed to be upgraded to a 10
metre wide two-lane road. Out of 98.7 km of proposed road , 62.16 km passes through Desert
National Park Wildlife Sanctuary (DNP) (map 1). The road passes through the villages Sipla,
Barna, Khuri, Phuliya, Kesar Singh ka Tala, and Myajlar within DNP (map 1). Many remote and
scattered settlements located near the border between India and Pakistan are connected by this
existing road. NHAI estimated average daily traffic to be 2296 motor vehicles (242 Two-wheeler
and 2054 four-wheelers and bigger vehicles) and 481 motor vehicles (52 Two-wheeler and 429
four-wheelers and bigger vehicles) at two monitoring stations, Sipla and Phuliya (Project draft
DPR). The traffic volume difference is considerably high between these two places because the
majority of tourist activities are between Sipla and Khuri and in most cases, only local vehicles go
beyond Khuri.
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Map 1: Map showing the location of NH11, proposed for widening, its impact
zone, Desert National Park (Wildlife Sanctuary) and human settlements along

the road in Rajasthan

The larger impact zone of the project was defined as the area within a 10 km distance of the 63
km stretch of road from Sipla to Myajlar that passes through DNP (see figure 1; map 1). This
width is informed by studies that show negligible effect of roads on species’ density (or usage)
beyond 8-10 km (Torres et al. 2016). Further, in arid landscapes with sparse and seasonal
resources, some terrestrial species tend to range widely, sometimes up to 10 km or even farther. 
 Within this larger impact zone, stronger effects are expected up to 2 km (in the case of roads),
and this area is defined as the immediate impact zone.

ROAD IMPACT ZONE
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Despite covering 9% of India's geographical area, Thar Desert has only 1.8% of its land
designated as protected areas (Rodgers & Panwar 1988 ; Rahmani 1989a). The largest of these
protected areas is DNP, covering 3162     is the only protected area in India with a viable
population of the critically endangered Great Indian Bustard, Ardeotis nigriceps (GIB). Though
there are no records of GIB in the immediate vicinity of the road in the past few years (Dutta et al.
2017), this area was used by GIB a few decades ago (Rahmani 1989b), even up to 2009 (Dutta
pers. obs). Thus, the road falls within the Priority GIB Landscape identified by Wildlife Institute of
India (WII) jointly with the Rajasthan Forest Department. The road impact zone has over 300 bird
species, including various threatened raptors, and 40 reptile species, some of which are endemic,
such as the Laungwala Toad-headed Agama and Sindh Awl-headed Snake (Anoop et al., 2017;
ebird 2023). There are 245 plant species belonging to 51 families in the area. 32 species of
mammals, including the state animal of Rajasthan, Chinkara, are present. Desert cat, Desert fox
and Indian fox are the common mesopredators in the area (Anoop et al., 2017).

The landscape is characterised by undulating sand dunes, sparse rainfall, extremes of
temperature and sparse human population. However, the Thar desert has a relatively higher
human population density than other deserts globally. 

Despite the fact that a single-lane road already exists, widening it to a two-lane highway may
increase traffic and create a more significant barrier to wildlife connectivity. Additionally, it may
encourage tourism activities beyond the currently permitted areas within DNP (Khuri village)
(Anoop et al., 17) thus increasing traffic and in turn increasing collision risk with wildlife. The
DNP's management plan also expresses concerns about solid waste management issues related
to tourism. Furthermore, this will increase dog abundance that will then predate on wildlife in non-
tourism seasons (Anoop et al., 2017). There may be a shift in traditional practices (pastoralism) of
local communities due to increased opportunity from better roads and an increase in tourism and
agricultural activities may alter the land-use patterns in this landscape. 

These potential impacts of the proposed road on the Thar Desert ecosystem underpins the need
for careful planning of mitigation measures to minimise the damage to the delicate balance of the
region. It is crucial to take steps to protect arid habitat specialists like the Great Indian Bustard
and other associated threatened species, while ensuring better livelihoods for local people that
this road aspires to bring. 

Figure 1: Relationships between
Mean Species Abundance (MSA)
of birds and mammals and
distance to infrastructure
(Benitez-López et al. 2010). Solid
lines represent the MSA curve
estimates as a function of
distance to infrastructure
(reproduced from Torres et al.
2016)
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Therefore, construction of this road needs a thorough understanding of the ecosystem and
consultation with local communities and environmental experts, to ensure a sustainable future for
the Thar Desert, DNP and all its inhabitants.

SPECIES OF CONSERVATION CONCERN
IN ROAD IMPACT ZONE
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Wildlife found in the larger impact zone has been listed in Annexures 1-3. Notable among them
and likely to be impacted in particular by the road, are the chinkara Gazella benettii, nilgai
Boselaphus tragocamelus (ungulates), desert fox Vulpes pusilla pusilla, Indian fox Vulpes
bengalensis, desert cat Felis sylvestris (mesocarnivores), hedgehogs [Hemiechinus collaris,
Paraechinus micropus], Indian desert jird Meriones hurrianae, critically endangered Great Indian
Bustard Ardeotis nigriceps, houbara Chlamydotis macqueenii, sandgrouses [Pterocles alchata, P.
exustus, P. senegallus, P. orientalis], coursers [Cursorius cursor, Cursorius coromandelicus]
(birds adapted to arid areas), Critically Endangered vultures [Sarcogyps calvus, Gyps indicus,
Gyps bengalensis, Gyps fulvus, Aegypius monachus], eagles [Aquila heliaca, Aquila pomarina,
Aquila rapax, Cercaetus gallicus], falcons [Falco jugger, Falco chicquera] (raptors), spiny-tailed
lizard Saara hardwickii, saw-scaled viper Echis carinatus, toad-headed agama Bufoniceps
laungwalensis, Sindh awl-headed snake Lytorhynchus paradoxus and other reptiles. These
species are specialised to open natural ecosystems (IUCN SSC 2017; Birdlife International 2021;
Ananjeva et al., 2021; Birdlife International 2021; Vyas et al., 2021; Vyas et al., 2022) and the
DNP was notified with the goal of conserving their populations.

As is the usual practice (Meese et al. 2009), we clubbed this regional fauna into three functional
groups based on their body size that surrogates their movement pattern, requirement of similar
crossing structures, and presents similar road safety concerns. These are: a) large-bodied
mammals exhibiting wide movements and requiring large but less frequent crossing structures
(eg. nilgai and chinkara in this case), b) medium-bodied mammals exhibiting moderately wide
movements and requiring smaller but more frequent passages (eg. desert fox, Indian fox, desert
cat and hare), c) small-bodied animals exhibiting small dispersal ability and requiring smallest but
very frequent passages (eg. hedgehogs, rodents and reptiles).

The road impact zone has been found to have higher biodiversity values compared to the general
Thar landscape spanning the Jaisalmer district, with higher population densities of chinkara and
GIB within the road impact zone (Dutta et al., 2018; Dutta et al., 2022). According to a landscape
level survey in 2017, GIB density in this zone was 6 ± 2 SE / 100      and 0.48 ± 0.1 SE / 100    
 km   in the general Thar landscape. This is because of the intensive usage of enclosures such as
Sudasari and Chauhani that lie within the road impact zone. Chinkara density was 702 ± 117 SE /
100        in the road impact zone and 205 ± 14 SE / 100        in the general Thar landscape. The
density of desert fox was 11 ± 4 SE / 100      in the zone and 15.03 ± 2.39 SE / 100      in the
general Thar landscape (Dutta et al., 2017).

These findings highlight the significance of the road impact zone for wildlife conservation in the
Thar desert. Therefore, adequate mitigation measures are required to minimise the impacts of
roads on fragmentation, mortality, and disturbance to these species, to ensure that this important
conservation area continues to fulfil its goal of ensuring long-term persistence of these species.
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Establish an ecological baseline of road impact zone in the study area

Spatial characterisation of the landscape using remote sensing and GIS to map land use, land
cover features, wildlife habitats

Estimation of species abundances, habitat suitability and habitat use through literature review
and primary data collection in the field using methodology that applies transect survey and
camera trapping, particularly for representative desert habitat specialists and threatened
species 

Determining current traffic scenario: estimating daily vehicular traffic volume on the existing
road based on i) available records and ii) monitoring traffic volume at selected monitoring
stations

Monitoring animal movement, identification of animal crossing zones, and predicting potential
movement pathways of wildlife species along the existing road

Estimating wildlife mortality due to vehicle collisions: conducting roadkill surveys in different
seasons for recording species killed in traffic collisions

Estimating species’ collision rates and habitat connectivity: Analysis of habitat suitability,
usage patterns and modelling collision probability to identify road segments with higher risk of
collision.

Prioritising road segments for mitigation planning: Connectivity values and collision rates will
be used to identify high priority segments for potential structural mitigation measures.

Strategies for mitigation interventions: Optimising animal underpasses at appropriate
locations along proposed ‘upgraded’ road, and identifying relevant habitat improvement and
management, threat amelioration and measures to offset the indirect impact of the road on
DNP ecology.

The objective of the study is to develop an animal passage plan / mitigation plan for the proposed
Myajlar-Jaisalmer NH-11 highway upgradation and extension through Desert National Park, in
order to minimise negative impacts of this infrastructure and conserve wildlife values. The study
aims to prepare the mitigation plan through thorough review of mitigation options and
identification of appropriate mitigation measures relevant to the habitat and wildlife in the study
area.

The stated objective will be achieved through the following aspects that define the scope of the
study:

06
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In some cases, habitat restoration can be used
as a mitigation measure to improve connectivity
and reduce the need for wildlife crossing
structures (Bissonette and Adair 2008).

Habitat restorationThese are bridges/viaduct allowing animals to
pass under roads or other barriers. They are
often used in combination with overpasses to
provide a more comprehensive network of safe
crossing options for animals. Wide underpasses
with adequate openness have been found to be
effective for larger mammals including
ungulates (Huijser et., 2013; Nevřelová et al.,
2022). Small sized underpasses in the form of
tunnels and culverts can be especially effective
for small or ground-dwelling species such as
amphibians, reptiles, and small mammals
(Clevenger and Huijser 2011; van der Ree et
al., 2015). 

Wildlife underpasses

To mitigate deleterious consequences of linear infrastructure, road designers can make roads
less disruptive to wildlife by providing wildlife-friendly design features such as wildlife crossing
structures (WCSs) (Forman et al., 2003; Grilo et al., 2009; Glista et al., 2009; Van der Ree et al.,
2011) creating corridors for wildlife migration and breeding. To reduce the negative impacts of
transportation infrastructure on wildlife, authorities worldwide are increasingly constructing wildlife
crossing structures (Forman et al., 2003; Glista et al., 2009). While extensive monitoring of usage
of wildlife crossing structures is ongoing in Europe, North America, and Australia for many years,
it is relatively new in Asia (Van der Ree et al., 2007; Taylor and Goldingay, 2010). In Asia, road
ecology has gained significant importance in the last decade, especially in developing countries
such as China and India, where balancing economic development with biodiversity conservation
is a major challenge (Kong et al., 2013; WII 2016).

LITERATURE REVIEW FOR
MITIGATION PLANNING

These are elevated structures designed to
provide safe passage for animals over busy
highways or other barriers. Studies have shown
that wildlife overpasses can significantly reduce
road collisions and improve connectivity
between fragmented habitats for many different
species, including large mammals such as deer,
elk, and bears (Corlatti et al., 20019; van der
Ree et al., 2015).

Wildlife overpasses

MITIGATION MEASURES
Fencing and barriers

These structures can be used to direct animals
towards specific crossing points or to prevent
them from crossing roads or other dangerous
areas altogether. For example, wildlife fencing
can be used to funnel animals towards an
overpass or underpass, while exclusion fences
can be used to prevent animals from accessing
roads or other human infrastructure (Clevenger
et al., 2001; McCollister and Manen 2010).
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However, studies have shown that combining different mitigation measures can increase their
effectiveness (van der Ree et al., 2015). For example, combining wildlife crossings with fencing
and wildlife detection systems has been shown to reduce wildlife-vehicle collisions significantly
(McCollister and Manen 2010). Additionally, the effectiveness of mitigation measures can be
improved by considering the ecological needs and movement patterns of target species during
the planning and design phases. Poorly designed mitigation structures can have no or negative
impact on mortalities of wildlife around the linear infrastructure (Forman et al., 2003). Benefits and
limitations of above mentioned mitigation measures are enlisted in Table 1.

Mitigation
measure    Benefits   Limitations   

Wildlife
crossings
  

Allows safe passage for ungulates
and reduces collisions with vehicles.
(Clevenger et al., 2001; Huijser et al.,
2007; Rytwinski & Fahrig, 2012) 
Can improve connectivity between
habitat patches. (Nguyen et al., 2016;
Sawyer et al., 2009)

Expensive to construct and
maintain.   (Clevenger & Waltho,
2005; Huijser et al., 2007)
May not be effective if ungulates
do not use them. (Clevenger et
al., 2001; Rytwinski & Fahrig,
2012)

  Fencing
  

Can prevent ungulates from
accessing  roads and other high-risk
areas. (Clevenger & Waltho, 2005;
Popp et al., 2017; Rytwinski et al.,
2016) 

Can disrupt natural migration
patterns and access to resources.
(Clevenger & Waltho, 2005;
Rytwinski et al., 2016)  

Habitat
restoration
  

Can improve habitat quality and
reduce competition for resources.
(Arjo et al., 2002; Field et al., 2016;
Martin et al., 2018) 
Can increase availability of natural
forage and reduce reliance on
roadside vegetation. (Field et al.,
2016)

May be slow to implement and
may not have immediate results.
(Arjo et al., 2002; Martin et al.,
2018; Sauer et al., 2019) 
May be limited by land-use
restrictions and development
pressures. (Martin et al., 2018;
Sauer et al., 2019)

Livestock
management
  

Can reduce conflicts between
livestock  and wildlife. (Briske et al.,
2008)  

   
  

Table 1: Benefits and limitations of tested mitigation measures across the grassland or desert landscapes across the
globe



To ensure the effectiveness of wildlife crossing structures, they should be as open and wide as
possible (Ng et al., 2004; Clevenger and Waltho, 2005; Mata et al., 2008). Ungulates of open
landscapes seem to require large and open structures with long, line-of-sight viewing distances
through or across the crossing structures. Wang et al., (2017) found that ungulates can adapt to
artificial passages if the size of the passages is large enough. A study on the Tibetan plateau
revealed that ungulates preferred structures that are short, wide, and high (Wang et al., 2018).
Similarly, pronghorn, a seasonally migratory ungulate species, prefer overpass crossing
structures to underpass crossing structures along US Highway 191 in western Wyoming, possibly
due to their reliance on vision to detect and avoid predators (Sawyer et al., 2016). Hedgehogs
(Erinaceus europaeus) have been shown to avoid crossing roads, with avoidance increasing in
proportion to road width (Rondinini and Doncaster, 2002).

To understand ideal dimensions of animal passages for open habitats, we carried out a literature
review on wildlife responses to various passage dimensions based on existing linear
infrastructure projects across the world (Ng et al., 2004; Cramer and Bissonette 2005; Seiler and
Olsson 2009; Huijser et al., 2013; Denneboom et al., 2021). We found very few studies that
focused on mitigation measures in open habitats. Clevenger et al. (2001) found that underpasses
>4 meters height and >10 meters width were effective in reducing road mortality of mule deer in
Mojave Desert (figure 2). Sawyer et al. (2013) found that underpasses >3.7 meters height and
>30 meters width were effective in reducing the barrier effect of roads for pronghorn antelope,
another open habitat species (figure 2). Grilo et al. (2017) found that the most effective
underpasses were those with >15 meters width and >5 meters height for Mediterranean
ungulates. Tibetan gazelle used underpasses which are >100m in width under Qinghai-Tibet
railway (Xia et al., 2007). However, the appropriate dimensions may vary depending on the
specific characteristics of the landscape and the species of ungulate.
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DIMENSIONS OF
ANIMAL PASSAGES

Figure 2: Frequency of
dimensions (width and
height) of existing animal
passages used by
various taxa in global
linear infrastructure
projects, based on the
published meta-analysis
(Denneboom et al., 2021)
and additional literature
review conducted under
this study



Dimensions of existing animal passages across the world largely ranged between 0-60 m width
for overpasses and 0-100 m for underpasses (fig 2). Whilst, guidelines on ‘Eco-friendly measures
for linear infrastructure projects’ in forests recommend >70 m overpasses and >30 m
underpasses for less-sensitive species, and 300 m wide underpasses for more sensitive species
or important connectivity patches (WII 2016). Recommended dimensions of underpasses in open
habitats are 200-300 m width (preferably 500-1000 m width) and 5-7 m height for the Black-tailed
gazelle, Mongolian gazelle and Khulan (Huijser et al., 2013). An overpass of the same width is
also recommended for Argali sheep and other ungulates. Clevenger and Huijser (2011)
recommended dimension for large mammal underpasses is >12 m wide and >4.5 m high, an
overpass of >50-70 m and landscape bridge of >100m for the use of all species. 
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Unlike forests, animals do not follow fixed trails to move in open
habitats, which makes it difficult to identify suitable sites for placing
animal passages. In such landscapes (grassland and desert), animal
passages can be recommended at uniform spacing along the linear
infrastructure for maintaining connectivity between the two sides.
However, some optimization of animal passages can increase the
usage of these structures and render the mitigation plan more cost-
effective. Such optimization involves identifying road segments that
cut through habitats more suitable for wildlife, which experience
higher animal crossings and pose more risk of vehicle-collision for
target species. We adopted this approach for developing an animal
passage plan for the proposed widening of the Jaisalmer-Myajlar
NH11 road in Desert National Park, Rajasthan (map 1).

OVERALL APPROACH
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We prioritised road segments of 250 metres (m) based on their connectivity value and potential
collision rates for two key species - chinkara (Gazella benettii) and desert fox (Vulpes pusilla
pusilla), that will be impacted by the upcoming road expansion, and are of conservation concern.
Our aim was a) to identify road segments that contribute more to animal movements and
connectivity in the landscape and b) to identify segments where collisions are more, depending on
the surrounding habitat features, to generate a priority score for placing animal passages (figure
3).

Step 1. We first identified source habitats and their connectivity in the road impact zone. For this
purpose, we generated a habitat suitability (or usage probability) surface for each of the target
species by analysing its usage (occurrences) against potential determinants of occurrence, viz.,
land cover and terrain ruggedness through ensemble distribution models (Araújo and New, 2007;
Marmion et al., 2009) (map 4). Species’ usage was obtained from past survey data of the Bustard
Recovery Program (2014-18) supplemented with recent vehicle surveys, foot transects and
camera trapping in the road impact zone. From the usage-probability surface, we delineated large
and suitable habitats that are likely to harbour a higher abundance of the target species (‘source
habitats’) and need to be inter-connected to maintain the exchange of individuals and avoid
genetic fragmentation. Animals are more likely to move between these sources through suitable
areas (or corridors) than unsuitable areas, mimicking the flow of electricity through a circuit where
electrons flow more easily across less resistance. We predicted these suitable areas for animal
movements (‘corridors’) by Circuit theory-based connectivity modelling (McRae et al., 2008). This
yielded an objective ranking of segments in terms of the volume of animal movement through
them. 

Step 2. Next, we predicted vehicle-animal collision rates along road segments in two steps.
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i) Mechanistic collision model: we generated a species-specific mechanistic model of
collision probability depending on the animal size, its speed of road-crossing, road width and
traffic volume (following van Langevelde and Jaarsma 2005). Variations in traffic volume along
the road (more vehicles till village Khuri) resulted in heterogeneous mechanistic collision
probabilities across road segments.

ii) Empirical collision model: by comparing habitat features of roadkill sites to control sites
using a binomial generalised linear model (GLM), we derived the relative probability of
collisions. While vehicle-animal collisions were recorded in roadkill surveys, potential predictors
of collisions were visibility obstruction surrogated by vegetation cover within a 30 m radius and
the connectivity value of a site (estimated in step 1 to surrogate animal movements). This
habitat-informed model generated a surface of relative collision probability along the road. It
was used as weightage to adjust the mechanistic model (Step 2(i)) predicted collision
probability. Relative collision rates in road segments were computed from this refined collision
probability prediction and survey-based animal crossing rates. This metric indicates the number
of vehicle-animal collisions that can potentially occur in an interval at a road segment,
depending on its habitat contexts.

Step 3. Finally, we derived priority scores of road segments for mitigation measures. The
connectivity value and potential collision rate in a segment (250 m) were rescaled to 0-1 and
averaged to generate a composite priority score. This score can be interpreted as how valuable
the segment is for placing animal passages. We used the average of the priority score of a
segment and its two immediate neighbours as the final decision metric for each segment to
create a smooth priority surface that negates aberrant values.

The above analytical process was first run with chinkara, to select one 250 m road segment
having the highest priority score(s) within every 5 km larger segment. Chinkara is a skittish
ungulate that prefers wide visibility to detect predators, avoids human artefacts due to
historically prevalent hunting, and will be most sensitive to the ‘openness’ of passages, unwilling
to pass through ‘tunnel-like’ structures. Further, they have home ranges of 2-12      that would
require a passage at least every 5 km, to enable safe crossings of the majority of the
population. Hence, the above-selected segments (11 in total) were selected for long
underpasses.

Then the analytical process was reiterated for desert fox, to select up to two 250 m segments
having the highest priority score(s) within each 5 km larger segment and at 1.5 - 3.5 km
distance from any long-underpass. Desert fox represents small to medium size mammals that
are less sensitive to the ‘openness’ of passages, but have home ranges of 2-4      , thereby
requiring an underpass at least every 2 km to enable the safe crossing of the majority of these
animal populations. Hence, the above-selected segments (19 in total) were selected for small
underpasses (box-culverts). This will result in 30 animal passages along the road for this group.
 
For even smaller mammals (e.g., hares, hedgehogs and rodents) and reptiles that are more
generally distributed yet limited in movement, we selected a segment at every 500 m from the
pool of segments without any animal underpass, for placing pipe-culverts. This will result in 107
animal passages along the road for this group.

The flow of data collection and analysis used in the above approach has been described in the
following flowchart:
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The study was conducted in the section of existing road from Sipla to Myajlar (63 km length)
which falls within Desert National Park. Field surveys were conducted from September 2022 to
January 2023, followed by data analysis (February 2023) and report preparation (March 2023).

1.Vehicle surveys

We conducted vehicle surveys along the entire road to record wild animals within a fixed width of
100 m strip on either side. We travelled at 20-30 km / hour so as to not miss any animal detection,
and repeated the survey thrice covering monsoon and winter seasons. We estimated encounter
rates of Chinkara and Desert fox in 250 m segments from this data.

2.Roadkill surveys

We conducted roadkill surveys along the entire road at night, repeated six times, covering both
seasons, wherein we recorded mortality due to vehicle-animal collisions (total efforts 378 km). We
obtained species-wise roadkill mortality rate from this data.

3.Line transects

We estimated the population density of chinkara in the road-impact zone using line transect
based distance sampling (Buckland and Turnock, 1992). We conducted two temporal replicates of
32 one-kilometre walk transects at 2 km intervals on the entire road (64 km walk efforts), wherein,
transects were laid in a systematic manner, perpendicular to the road and alternating between the
left and right side of the road. Corresponding to animal detections, the GPS location of the
observer, animal and transect bearings, radial distance from the observer to the animal, and
animal group size were collected. Density estimates of chinkara and desert fox were inferred from
species-specific best-fit detection models, which were chosen based on the least AIC value
among half normal, hazard rate and uniform detection functions.

4.Camera trapping

We deployed camera traps facing parallel to the road, to estimate usage and crossing rates of
animals. Camera traps with infrared flash (n = 31) were placed 0.5 metre above the ground that
were automatically triggered by animal motion. We identified the species in photo captures and
calculated the relative abundance index (RAI) across segments for chinkara, desert fox, desert
cat, wild pig, and nilgai, as follows (O’Brien et al., 2003): 
RAI = independent photo capture of the species / total trap hours, 
where trap hours represented the total hours when the camera trap was active from deployment
to retrieval, and detections at intervals of 5 minutes were considered as independent photo
captures. 

5.Auxiliary information

Chinkara detections were also extracted from past large-scale GIB surveys carried out from 2014
to 2018 for the 10 km buffer around the road stretch (Dutta et al., 2020). The density of chinkara
was calculated in the Distance Sampling framework and compared against density estimates from
the present study.

FIELD DATA COLLECTION
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1.Land use land cover analysis

Land use land cover (LULC) were classified using Sentinel - 2B satellite imageries of
October 2022 in Google Earth Cloud Computation Engine. In total, we provided 2275
signatures of nine land use classes, i.e., agriculture, barren dune, grassland, hill, human
settlement, Prosopis dominated land, shrubland, stabilised dune and woodland. We
applied the Classification and Regression Tree approach to predict land use classes.
Model accuracy was evaluated using kappa statistics and a confusion matrix of correct vs
incorrect classifications. Further, stabilised dunes and flat shrubland were validated against
terrain ruggedness, to rectify the classification model. Our final output had a spatial
resolution of 10m.

2.Potential habitat and movement analysis

2a. Habitat suitability analysis
We identified potential habitats for great Indian bustard, chinkara and desert fox in this
road-impact zone,by ensembling predictions of maximum entropy and gradient boosting
machine spatial models (Araújo and New 2007; Marmion et al., 2009), which were selected
out of six prediction models (i.e., generalized linear model, generalized additive model,
gradient boosting machine, multivariate adaptive regression splines, maximum entropy,
random forest), based on higher relative accuracy of predictions. To build these models,
we fetched species presence data from past large-scale GIB surveys (Dutta et al. 2020),
vehicle transects, roadkill surveys, line transects, camera traps, and opportunistic sightings
that yielded 235 occurrences of chinkara and 54 occurrences of desert fox. We used the
proportions of LULC classes (i.e., agriculture, barren dune, grassland, shrubland, stabilised
dune, woodland) and terrain ruggedness as potential predictors of species’ habitat use.
Terrain ruggedness was generated from SRTM- digital elevation model (Riley et al., 1999),
representing the difference in elevation within the surrounding eight pixels. This exercise
generated spatial surfaces of species’ usage probabilities at 250 m resolution.

DATA ANALYSIS

2b. Connectivity modelling
Contiguous patches of high usage probability (suitable areas) will serve as core habitats for
a species and can hold higher density of individuals. Based on reported home ranges of
target species (Dookia, 2002; Main et al., 2020), we considered patches larger than 5 km
for chinkara and 3      for desert fox as core habitats (‘nodes’ in connectivity context).
Animals will move between these core habitats through suitable areas, and connectivity
between them needs to be maintained while planning the road. To characterise landscape
connectivity for these species, we applied least cost and circuit theories that consider
animals to prefer movement routes requiring relatively less energy within suitable habitats
(McRae et al., 2008; McRae and Kavanagh, 2011). We identified least cost pathways
between nodes, where current flow (volume of animal movement) is facilitated by
conductance (suitable habitats) and is restricted by habitat resistance (unsuitable habitats). 

km2

2



17

We used predicted usage probability (obtained from the above step) as a proxy for habitat
conductance and its reciprocal as resistance to movement. We evaluated species-specific
current flow between pairs of habitat nodes over eight neighbouring cells of the resistance
surface, to characterise landscape connectivity. Then, we explored potential passages
between nodes with least euclidean and cost-weighted distances, using the linkage
mapper tool.

3.Collision probability

3a. Mechanistic collision model
Considering the Traversability model, we estimated the mechanistic probability of vehicle-
animal collision for chinkara and desert fox following van Langevelde and Jaarsma (2005),
where the probability of a collision event can be computed as:
 

Where Pi is the probability of a collision event
ƛ is traffic volume (vehicle/second)
Ci = (B+Li)/Vi, in which B is the width of the road (i.e., 10m), Li is the body length of the
animal and Vi is the speed of animal while crossing the road.
This model assumes that animals will cross the road without any delay or avoidance of
traffic in a natural system at a straight angle. The animal will successfully cross the road if
no vehicle comes at the location within the Ci time period.

We computed traffic volume using continuous CCTV camera monitoring. Since Khuri
village is a popular tourist destination and the traffic volume reduces south of this village,
we placed one CCTV at the northern end of the road near Sipla village (for 120 hours) and
another at the Forest Chowki of Khuri (for 120 hours), to capture the major difference in
traffic volume along the road. We kept Ci at 15% of the maximum speed of the animals
(van Langevelde and Jaarsma, 2005). Maximum speed
Vi(max) = 10.4 X Wi      ,
where Wi is the body weight of the animal following Peters (1986).

3b. Empirical collision model
Next, we predicted relative collision probability based on habitat characteristics and
species’ usage that varies along the road. We hypothesised that animal collision is linked
to high animal usage of road segments passing through suitable habitat and/or obstruction
of visibility due to ground vegetation cover. We estimated relative collision probability
using general linear model of binomial family (logistic regression), where the response
variable was species’ road-kill (1) vs control sites (0), and predictor variables were a)
proportion of ground vegetation cover, b) connectivity value of the road segment, and c)
species’ encounter rate in the road segment. These variables were derived as follows: 

a) Ground vegetation cover was extracted from ultra-high definition screenshots (1m
spatial resolution) of Google-generated remotely-sensed satellite images. Classification of
the green band in these images at appropriate threshold values helped in identifying
vegetation (shrubs and trees).

0.38
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We built candidate models with combinations of these predictors against a null model, and
selected the least AIC model for inference on variable effects and estimation of relative
collision probabilities. This model helped us to identify segments where animal-vehicle
collisions are more likely due to the habitat features that influence animal usage and
visibility.

Thereafter, we multiplied the mechanistic collision probability with the empirical (relative)
collision probability (rescaled between 0 - 1), which generated a) spatially explicit collision
probability along the road. We averaged species’ encounter rates based on vehicle surveys
and IR camera traps, both rescaled between 0 to 1, to generate b) relative abundance
surface. Finally, we multiplied these metrics (a) and (b), to generate segment-wise
expected (relative) collision rates for chinkara and desert fox, separately. Thus, collision
rate estimates incorporated the essential information of vehicle surveys, camera traps,
vegetation cover, habitat suitability and connectivity models.

4. Composite Priority Score

We averaged connectivity value and relative collision rate of each 250 m road segment,
both rescaled between 0 - 1 (since these metrics were in different scales). Further, we
averaged this value over a road segment and its two adjacent neighbouring segments, to
derive a composite priority score for the segment based on connectivity and collision
scores of the encompassing 750 m segment. This metric helped us in prioritising road
segments, with relatively high scores indicating the need of animal passage structures.

 These thresholds were obtained from manual validation of 400 randomly generated points
of bare ground and shrubs/trees. Further, the proportion of pixels with vegetation in 30 m
radius of road-kill and control sites was computed using the "Tabulate area" tool in ArcMap
v10.5.

b) Connectivity value of a road segment for the species was quantified as the first principal
component of usage probability (conductance) and volume of movement (current flow).
This synthetic variable summarised the two correlated metrics of animal movement and
explained 96.25% variance in data.

c) We computed species’ encounter rate as animal detections per metre in 250 m road
segments.

The global models of relative collision probability for chinkara and desert fox were of the
following forms:



findings
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ABUNDANCE STATUS OF KEY ANIMALS
IN THE ROAD IMPACT ZONE

03
Population density of chinkara in the immediate road impact zone was estimated at 7.28
per km   and that of desert fox was estimated at 1.32 per km  using line transect
distance sampling (table 2). Road vehicle surveys yielded encounter rates of 0.24
chinkara per km and 0.02 desert fox per km along the road (table 2).

Road kill surveys yielded 13 species (33 roadkills) of herpetofauna and mammals,
including 8 species of amphibians and reptiles, 2 species of small mammals, and 3
species of large mammals (table 2; annexure 1). Other mammalian mortality included
desert cat, desert hedgehog and Indian jird (annexure 1). Reptile mortality included saw-
scale viper (3), glossy-bellied racer (1), red-spotted royal snake (1), threatened reptiles
such as red sand boa (4), Bengal monitor lizard (2), and endemic reptiles such as
brilliant ground agama (1) and Sindh sand gecko (1) (annexure 2). 

This finding highlighted a high incidence of animal mortality due to vehicle collisions on
the existing road, and an opportunity to reduce its impact through appropriate animal
passages at the time of upgradation of road.

2 2
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Continuous camera trapping showed 0.29
independent captures of chinkara and 0.02
captures of desert fox per day (table 2). Other
species such as desert cat (0.014 / 24 hours),
nilgai (0.004 / 24 hours) and pig (0.05 / 24
hours) were also recorded along the road
(table 2).





Methods      Parameters   Chinkara   Desert Fox

Walk transect 
(1 km perpendicular of road) 

Detections 115   9  

Efforts (km)  64  64  

Density (ind /        )  
 

  7.28 (1.38 SE)
  

1.32 (0.66 SE)  

Abundance (1 km buffer of road,
  i.e., 132          )

 959  174  

Cluster size  1.46 ± 0.08 SE 1.26 ± 0.17 SE

 Effective Strip width (m)  123 ± 10 SE  53 ± 10 SE  

Vehicle survey 
(63 km along road)

Detections  45  4  

Efforts (km) 189 189

 Encounter rate (ind / km)  0.24 0.02

Camera trapping 
(n=31)

 Independent Detections  229 25

 Total trap days  829 829

Average trap days (per camera)  26.74 ± 17.07 (SD)  26.74 ± 17.07 (SD)

Relative abundance index
  (captures/24 hours)

0.29 ± 0.36 (SD)  0.03 ± 0.07 (SD)  

 
  Roadkill survey 

(63 km along road)
  

Detections 8 4

Efforts (km)  378 378

Encounter rate (ind / km)  0.02 0.01

Table 2: Abundance status of key animals (Chinkara and Desert fox) along the road

Composite encounter rate based on vehicle surveys and camera traps provided information on
differential usage of road segments by chinkara and desert fox. Segments south of Barna and
Khuri, those between Khuri and Phuliya and north of Myajlar showed maximum usage by
chinkara during the study. Whereas, desert fox usage was clustered around Maneri and between
Phuliya and Myajlar (map 2). Over 80% of roadkills of both species were recorded in segments
with moderate to high composite encounter rates (map 2).

USAGE PATTERNS OF KEY ANIMALS ALONG
THE ROAD
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Map 2: Spatial usage patterns of key animals (chinkara and desert fox) along the road
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Land use and cover class    Area in km      (%)  

Agriculture  399.66  (25.34%)  

Barren  dune  41.15  (2.61%)  

 Grassland  56.07  (3.55%)

Hill  7.13  (0.45%)  

 Human settlement 1.6  (0.1%)  

Prosopis juliflora-dominated land   8.82  (0.56%)  

Shrubland  752.94  (47.73%)  

Stabilized  dune 306.07  (19.4%)  

 Woodland  4.02  (0.25%)  

Table 3: Absolute and relative covers of land-uses in the road impact zone

The road impact zone is dominated by shrubland (48%), followed by agriculture (25%) and
stabilized dunes (19%) (table 3; map 3). One-fourth of the area is utilized for seasonal cultivation
in monsoon, clustered in central and northern parts of the impact zone (table 3; map 3). Notably,
3.5% of the area has protected grassland enclosures (Table; map 3) managed by DNP, which
harbours good populations of GIB, chinkara, desert fox and many grassland species. Additionally,
in northern parts of the region, there are undulated hillocks (table 3; map 3). A few pockets close
to Khuri and Myajlar are infested by the invasive Babul Prosopis juliflora (table 3; map 3), which
needs to be eradicated to avoid encroachment into grasslands. In addition, a few patches are
dominated by woody plants, such as Khejri Prosopis cineraria, Acacia nilotica and Acacia tortilis
(map 3).

LAND-USE LAND-COVER PATTERNS
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Map 3: Land use land cover pattern in the road impact zone

26



Map 4: Usage probability (habitat suitability) surfaces for key species and their habitat nodes in the road impact zone
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HABITAT SUITABILITY FOR KEY ANIMALS ALONG
ROAD IMPACT ZONE



Figure 4: Potential usage probability of great Indian bustard along gradients of ecogeographical variables (response
curves) in the road impact zone
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Ensemble model inferences for GIB

The GIB is one of the key conservation dependent species in the road impact zone that primarily
uses protected grassland enclosures of DNP (map 4). The ensemble prediction of GBM and
MaxEnt models noted high accuracy estimates of Area under Receiver Operating Characteristic
Curve (hereafter, ROC) (0.989) and Total Sum of Squares (hereafter, TSS) (0.965) for GIB. As
the species is a open grassland specialist, we found that proportions of woodland (variable
importance 1.02%), barren dune (6.22%), shrubland (39.59%), stabilized dune (45.8%) and
undulated terrain (4.27%) negatively impact the habitat suitability for GIB while the availability of
grassland (1.17%) and flat terrain (4.27%) positively influenced its usage (figure 4). Suitable
habitat for GIB was found sporadically distributed throughout the impact zone (map 4). Although
the GIB has not been sighted recently in central and southern areas of the road impact zone,
availability of suitable habitat in these areas leaves future scope for the species' recolonization, if
grasslands can be restored and birds produced through conservation breeding are rewilded. We
identified 12 habitat nodes for GIB, having areas larger than 3.5 km  , which matches the smallest
grassland enclosure that is intensively used by GIB in DNP (map 4). Large grassland patches of
Sudasari, Gajai mata, Chauhani, Dav, Phuliya and Myajlar enclosures were identified as highly
suitable for GIB within the road impact zone (map 4).

2



Figure 5: Potential usage probability of Chinkara along gradients of ecogeographical variables (response curves) in the
road impact zone
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Ensemble model inferences for chinkara

The dominant feature of the road impact zone are interdunal valleys with grasslands and
stabilized dunes that are preferred by chinkara (map 4). We used two better-performing models,
GBM and MaxEnt, and their ensemble prediction had an ROC of 0.806 and a TSS of 0.465. 

Chinkara is an open-habitat species. Our study showed that habitat suitability for chinkara within
the impact zone decreases as the proportions of agriculture (variable importance 8.57%), barren
dune (15.33%) and shrubland (36.23%) increase (figure 5). We also observed that chinkara prefer
more flat terrain (1.94%) than undulations (figure 5). Suitable habitat for chinkara was relatively
more widespread than that for GIB, and were more contiguous. We identified 21 habitat nodes for
chinkara (area >5 km  ) (map 4). These nodes were largely protected enclosures with
neighbouring flat grasslands and stabilized dunes. 

2



Figure 6: Potential usage probability of desert fox along gradients of ecogeographical variables (response curves) in
the road impact zone
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Ensemble model inferences for desert fox

Desert foxes are territorial canids and inhabit a variety of habitats, including agriculture, barren
dune, grassland, shrubland and stabilized dunes. Hence, we found that habitat suitability for the
species was extensive throughout the impact zone (map 4). Predictions by MaxEnt and GBM
algorithms performed better and the ensemble prediction had high ROC of 0.966 and TSS of
0.882. Our study showed that habitat suitability for desert fox was negatively influenced by the
proportions of woodland (25.77%), barren dune (12.9%), shrubland (8.78%) and stabilized dune
(30.3%), but was positively influenced by grassland (4.84%), agriculture (13.81%) and terrain
ruggedness (3.61%) (figure 6). Unlike chinkara and GIB, desert fox have smaller dispersal
ranges. Therefore, we identified 32 habitat nodes with contiguous suitable areas larger than 3 km
(map 4).

2



Map 5: Connectivity (current flow) among habitat nodes for key species (great Indian bustard, chinkara and desert fox)
and potential movement pathways in the road impact zone

HABITAT CONNECTIVITY FOR KEY ANIMALS
ALONG ROAD IMPACT ZONE
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Current traffic volume was estimated at 521 vehicles / day up to the tourism area of Khuri and 74
vehicles / day in the non-tourism area beyond Khuri. 

Mechanistic model inferences

Mechanistic collision probability for key species predicted by Traversability model (Van
langevelde and Jaarsma 2005) showed that collision probability in tourism area north of Khuri
(chinkara 1.3% and desert fox 2.5%) is six folds greater than that in the non-tourism area south of
Khuri (chinkara 0.2% and desert fox 0.4%), due to the difference in traffic volume (table 4). We
note that foreseeable increase in traffic volume post road widening would increase the vehicle
collision probability in both areas. However, the impact will hamper smaller animals more (figure
7), due to longer time requirements in crossing the road and therefore more chance of being hit
by vehicles.
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Great Indian Bustard

The potential dispersal / movement paths of GIB between the identified habitat nodes intersect
the road at four segments (ID 134, 89, 69 and 25) and one path runs parallel to the road through
segments 92-98 (map 5). Since the northern part of the impact zone, which is ideal habitat of GIB,
is away from the road, their potential movement paths do not cross the road in this critical area

Chinkara

In contrast to GIB, there were multiple potential movement paths of chinkara, due to availability of
wider and more extensive suitable habitats throughout the impact zone (map 5). Consequently,
we observed a greater number of potential connectivity crossings and identified several segments
(IDs 244, 224, 152, 95, 54 and 26) passing through suitable habitats, which have potential for
chinkara crossings.

Desert fox

Similarly, desert fox also demonstrated multiple potential crossings intersecting the road (map 5).
Due to its adaptability to various land use patterns, it displayed a higher number of potential
crossings than the other species. We identified several segments (IDs 234-235, 185, 172-174,
169, 137, 112, 95, 89-90, 85-87, 57, 41-42, 29 and 21) spread widely across the impact zone as
potential road crossing points for desert fox.

COLLISION RISK OF KEY ANIMALS



Parameters  Chinkara  Desert fox  

Body mass (kg) 23 3.5

 Body length (m)  1.05 0.46 

Maximum
  theoretical speed (m/s) = 10.4 Wi  

25.65 16.74

Road crossing speed (m/s) 
15% of maximum speed  

5.13  2.5  

Road width (m)  10 10  

Traffic volume (tourism area) vehicle / sec 0.006 0.006  

Traffic volume (non-tourism area)
vehicle / sec  

0.0008   0.0008  

Mechanistic collision probability
 (tourism area)  

0.013 0.025  

Mechanistic
  collision probability (non-tourism area)  

0.002   0.004  

Table 4: Mechanistic collision probability estimation for chinkara and desert fox along the road, inferred
from traversability model parameters

Figure 7: Mechanistic collision probability for chinkara and desert fox with respect to future traffic increase in tourism
(left) and non-tourism areas (right) along the road
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Model  
  Intercept (±SE)

 
  Visibility

obstruction
(±SE)  

 
  Habitat

connectivity
(±SE) 

 
  Encounter
rate (±SE)

  AIC   R 

 M    _  -2.761  (0.628) *  
  1.943

  (1.11)  
100.03  0.028  

 M     _       -3.816  (0.941) *  
1.329

  (0.566) *
 97.114  0.04  

 M    _         -2.218  (0.317) *  
2.941

  (1.088) *
 94.573   0.104  

 M   _   -3.701  (1.024) *  
 0.993

  (1.229)  
0.768

  (0.605) 
2.09

  (1.189)   
 95.904   0.117  
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Empirical model inferences

We found that visibility obstruction (M   _       :   β=1.943±1.111, p=0.08), habitat availability and
connectivity (M   _     : β=1.329±0.566, p<0.05) and encounter rate (M  _    : β=2.941±1.088,
p<0.05) positively influenced the relative probability of vehicle-collision for chinkara (table 5; figure
8).

conn enc

propvegch

chch

Table 5: Logistic regression models relating collision probability for chinkara to potential predictors along with estimates
of effect size and model evaluating parameters

Figure 8: Collision probability of chinkara against proportion of visibility obstruction (left), habitat connectivity (middle)
and encounter rate (right) along the road
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Model Intercept (±SE)
Habitat connectivity

(±SE)
Encounter rate

(±SE)
AIC R

 
 M   _      

  -3.077
  (0.786)  

 0.501
  (0.207) *  

149.09   0.05  

  M   _       
  -2.147

  (0.293) ***  
  29.921

  (5.269) ***  
110.32    0.399  

Table 6: Logistic regression models relating collision probability for desert fox to potential predictors along with
estimates of effect size and model evaluating parameters

Figure 9: Collision probability of desert fox with respect to habitat connectivity (A- left) and
encounter rate (B- right) along the road
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Our findings suggest that obstruction of visibility by large shrubs / trees close to the road
increases vehicle-animal collisions, especially for chinkara, as vehicle drivers are unable to react
in time when animals flush out from cover within close distance. A vegetation clearance width of
30 m can reduce chinkara road kills. Chinkara moving at ~5 m / s (table 4) within this distance will
reach the road in ~6 s and a typical vehicle moving at 80 km / hr will require ~5 s to stop; allowing
just enough time to avoid the accident. Further, braking distance of vehicles moving at 80 km / h
is about 40 - 100 m (Kordani et al. 2018). Humans have focused horizontal vision up to 30
degrees and can therefore spot a chinkara at distance within 30 m from the road if this zone is
kept clear, to be able to react before reaching this minimum braking distance.

Relative collision rates of key species, obtained from the combination of spatially explicit collision
probabilities and usage rates, varied across 250m segments along the road. We identified 24
segments with moderate to high collision rates for chinkara and 14 segments with moderate to
high collision rates for desert fox, out of 247 segments (map 6). These segments were found
intermittently distributed across the road.

COLLISION RATE PATTERNS
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Similarly, habitat availability and connectivity (M   _     : β=0.501±0.207, p<0.05) and encounter
rate (M   _   : β=29.921±5.269, p<0.05) positively influenced relative probability of vehicle-collision
for desert fox (table 6; figure 9). 
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Map 6: Rescaled collision rate for key species (chinkara and desert fox) along the road
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Map 7: Prioritized road segments for key species (chinkara and desert fox)

PRIORITISATION OF ROAD SEGMENTS FOR
MITIGATION STRUCTURES

The composite priority score, obtained from connectivity values and collision rates of the key
species in 250 m segments (and their immediate neighbours), helped us to identify high priority
segments along the road for mitigation planning. Segments having top composite scores (within
10% of the highest value) within every 5 km stretch were identified for both species, resulting in
60 segments for chinkara and 76 segments for desert fox (map 7). We manually selected a
subset of these segments for planning animal passages such that there is one optimally located
passage within the ranging distance of these key conservation-dependent taxa and their
associated species. 
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1) Structures and placements

Chinkara and desert fox have been considered as priorities and representative taxa for
proposing optimal placement of animal passages along the road. Additional uniformly
placed passages are being proposed for more generalised and smaller taxa. Long
underpasses are being proposed for chinkara, the species with maximum visibility
requirement. Sections adjoining these passages are being proposed for fencing, to funnel
animal movements towards these passages and reduce vehicle collisions. These
crossing structures are likely to be used by all open-habitat species. Box culverts are
being proposed for desert fox that can also be used by Indian fox, desert cat, hedgehog,
rodents and reptile species. Whilst, pipe culverts are being proposed for reptiles,
hedgehogs and rodents. Two dimensions of underpass are being proposed, to better
understand wildlife crossing responses, through pre- and post- construction monitoring of
animal movements.

Underpass 

Nine underpasses of 250 m width (open span) x 5 m height and two underpasses of 150
m width (open span) x 5 m height with chain-link fence of 1 km length and 5 ft height on
either side of the passage and on both sides of road as shown in maps 8 & 9; table 7
&Figure 10. Landscaping of underpass is essential so that it looks natural and has sandy
substrate. Distance between neighboring pillars of an underpass should be at least 30 m.
Wildlife might not be deterred by vehicle noise at current traffic volume, but with increase
in traffic volume due to increased tourism in foreseeable future, noise attenuation
structures on underpasses might become necessary.

Culverts

For remaining priority segments where foxes and cats are prevalent, 19 box-culverts of
30 m width x 4 m height with adjoining chain-link fences of 500 m length and 5 ft height
on either side of passage on both sides of road is reccomended (shown in maps 8 & 9;
table 7). Landscaping of culverts is required to make them look natural.
In addition, uniform placement of 107 pipe-culverts of 2 m diameter (Figure 10) in 50% of
remaining segments for smaller mammals and herpetofauna (shown in maps 8 & 9; table
7 & Figure 10).

Fencing
Fencing can eliminate mortality of mammals (Clevenger et al., 2001), and reduce
mortality of reptiles. Hence, fencing is being proposed adjoining crossing structures with
strategic openings near settlements or where animal crossings / connectivity are less
(shown in maps 8-9, table 8). The fence should be buried in a concrete foundation 30 cm
above ground and 60 cm below ground, to deter cats, dogs, foxes and pigs from digging
through the base.

MITIGATION PLANNING



2) Other mitigation measures

Removing dense Prosopis juliflora patches to maintain the habitat suitable for open-
habitat species

Prosopis juliflora is an aggressive invasive species that was found in a few dense patches within
the immediate road impact zone. If not controlled, this exotic invasive can spread near the road
after disturbances caused during widening. This will degrade the habitat for native species and
increase vehicle-animal collisions in future. To avoid this situation, Prosopis juliflora should be
removed from invaded patches in 2 km buffer of the road.
Further, no new shrubs / trees should be planted along the road under social forestry schemes as
it will reduce visibility, which is an essential feature promoting usage by open-habitat species
(e.g., chinkara and GIB). The above three measures will also cater to the safety of human
passengers from road accidents.

Post-construction monitoring of wildlife crossings

Little is known about responses of wildlife to animal passages in open habitats, as majority of
studies in India on this aspect stem from forest species (WII 2016), that limits the adequacy and
effectiveness of crossing structures. Animal passage plan for this proposed road provides an
opportunity to understand preferences of crossing structures based on their designs and
dimensions. This requires monitoring of wildlife crossings pre- and post- construction using large
datasets of multiple species sampled using camera traps. Hence, funding of ~22 lakhs / year for
three years (total ~66 lakhs), and preferably even longer, should be incorporated in the Project
budget for monitoring of wildlife passes. Inferences from this monitoring exercise will benefit all
future animal passage plans in open natural ecosystems.

Strategic interventions

There are some enclosures of the Forest Department along the road (viz. Phuliya and Myajlar),
where underpasses have been recommended but the existing enclosure fence will impede animal
crossings and usage of these passages. Hence, where an underpass adjoins an enclosure (eg.
segments 8, 77 and 84), the enclosure fence should be modified by reducing its height to 3 ft and
increasing the mesh size only in these segments, to facilitate movements of wild animals but
restrict the access of livestock.
The road currently fragments Myajlar enclosure, an important conservation site managed by
Rajasthan Forest Department. We recommend a bridge over this enclosure from 26.28653 N,
70.40511 E to 26.28839 N, 70.40666 E, and consolidation of the two enclosures within a common
fence so that animals have access to a larger protected / restored area.

Animal crossing signages

One animal crossing signage can be placed at every unfenced segment to sensitise and alert
vehicle drivers. 
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Long-term maintenance of animal passages

Annual maintenance of animal passages to keep them clean and usable for wildlife is
recommended, since strong wind actions and shifting sand dunes can block these passages,
obstruct animal movements, and reduce their effectiveness in the long-run. A working mechanism
for this activity needs to be included in the Project.

1. Dog population control in road impact zone

It has been observed in other fenced roads of Jaisalmer district that free-ranging dogs use these
fences to corner and predate chinkara. Widening of the road will increase tourism and food
subsidies for dogs, exacerbating this situation. Hence, a dual approach can be adopted, by: 

a) leaving gaps in fencing

b) reducing free-ranging dogs through a long-term spay neuter program. Funding for this exercise
of ~10 lakhs / year for initial three years (i.e. total ~30 lakhs) and preferably even longer, can be
incorporated in the Project budget for utilisation by the Forest Department or other concerned
agencies to implement this activity. This mitigation measure will benefit the general livelihoods as
well as wildlife of the region that are negatively impacted by free-ranging dogs (Dutta et al., 2020).

2. Undergrounding of low-tension powerline 

A low-tension power-line runs parallel to and within 10 m of the existing road that can cause
mortality for birds through collision and electrocution (Uddin et al. 2018). Power-lines act as
perches for some birds, a few of which can be attracted to the road for scavenging opportunities,
in turn increasing mortality risk. The Hon’ble Supreme Court has passed a judgement to
underground all low-tension lines and technically feasible high-tension lines in the Priority GIB
Area that includes the road impact zone. Hence, this power-line should be undergrounded next to
the road during upgradation work, and the required cost can be incorporated in the Project budget
for utilisation by the concerned agency to implement this mitigation measure.

3. Creating grassland enclosures in GIB habitat

Since the larger road impact zone overlaps with important GIB habitat, as an offset mechanism,
funds of ~300 lakhs should be included in the Project budget for creating enclosures of
cumulatively 10 km    area in the Gajaimata-Chouhani, Barna-Khuri or Khuri-Sipla areas.2

Ecological  compensation to offset the impact of  road



Recommendations of Rajasthan Forest Department

The draft report was circulated to Rajasthan Forest Department for comments (enclosed) and
further deliberations with the Director, Desert National Park, based on which, the following
(additional) recommended mitigation measures are proposed (Annexure 4).

Elevated road

As recommended by the Chief Wildlife Warden Rajasthan, the road may be elevated (to a
technically feasible height) with embankments on both sides that are appropriately landscaped so
as to appear naturalistic, and with specific access routes only to the existing settlements, as a
measure to minimise the spread of disturbances within the Desert National Park that are likely
with the upgradation of this road.

Wildlife Rescue Center 

Animal-vehicle collisions are detrimental for both humans and wildlife. While mitigation structures
such as underpasses can help in minimising collisions, there is always the possibility of an animal
being hit by a vehicle. In such cases, it is important to have a mechanism in place to rescue and
treat the injured animal. Establishing a wildlife rescue center at an existing chouki of Rajasthan
Forest Department on the road can be a partial solution to this problem. This rescue center
should be equipped with trained personnel, rescue vehicle(s), and necessary medical equipment /
supply, to provide timely medical attention to injured animals. Funds for establishing one rescue
center at Khuri should be included in the Project budget.

Maintenance of grassland enclosures of Desert National Park

To conserve habitat in the immediate road impact zone of the Desert National Park, it is
recommended to maintain and restore grassland enclosures such as Sipla, Maneri, Dav, Phuliya,
Myajlar A, and Myajlar B, by upgrading and / or maintaining the enclosure fences, as required.
The total length of the fence that needs maintenance is 50.54 km, and the estimated cost for
maintenance is approximately 80 lakhs INR.

Establishing checkposts 

It is recommended to establish check posts in Sipla and Myajlar to monitor illegal wildlife trade
and poaching activities that may arise due to upgradation of the road.
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Map 8: Enlarged view of mitigation structures along the proposed road

LOCATIONS OF MITIGATION STRUCTURES
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Map 9: Detailed frame-wise view of mitigation structures along the proposed road

43



Recommended mitigation 

structures 

Number of 

segments 

Length of structure per 

segment (m) 

Cumulative length 

(km) 

Underpass (viaduct) 

9 250 2.25 

2 150 0.3 

Box culvert 19 30 0.57 

Pipe culvert 107 2 0.21 

Fence 149 250 X 2 85.88 

Railing over underpasses  11 
250 X 2 

150 X 2 
5.1 

 

Table 7b: Details of mitigation structures for every 250 m segment of the proposed road 

Note: segment IDs are starting from Myajlar (1) to Sipla (247) 

Segment Approx. 

chainage (m) 

Start location End location Mitigation structures Dimensions of structures 

1 (Myj) 0 26.25662, 

70.37988 

26.25829, 

70.381709 

Pipe culvert 2 m diameter 

2 250 26.25829, 

70.381709 

26.260019, 

70.383487 

  

3 500 26.260019, 

70.383487 

26.26177, 

70.385234 

Pipe culvert 2 m diameter 

4 750 26.26177, 
70.385234 

26.263527, 
70.386948 

  

5 1000 26.263527, 

70.386948 

26.265399, 

70.388534 

Pipe culvert 2 m diameter 

6 1250 26.265399, 

70.388534 

26.267308, 

70.390038 

  

7 1500 26.267308, 

70.390038 

26.269231, 

70.391552 

Pipe culvert 2 m diameter 

8 1750 26.269231, 

70.391552 

26.271156, 

70.393049 

Box culvert  30 m X 4 m 

9 2000 26.271156, 

70.393049 

26.27306, 

70.394572 

Fence 

Pipe culvert 

250 m length X 5ft height X 2 (both sides) 

2 m diameter 

10 2250 26.27306, 
70.394572 

26.274982, 
70.396081 

Fence 
 

250 m length X 5ft height X 2 (both sides) 
 

11 2500 26.274982, 
70.396081 

26.276901, 
70.397597 

Pipe culvert 2 m diameter 

12 2750 26.276901, 

70.397597 

26.278832, 

70.399101 

  

13 3000 26.278832, 

70.399101 

26.280758, 

70.400602 

Pipe culvert 2 m diameter 

14 3250 26.280758, 

70.400602 

26.282669, 

70.402123 

  

15 3500 26.282669, 

70.402123 

26.284601, 

70.403612 

Fence 

Pipe culvert 

250 m length X 5ft height X  1 (west side) 

2 m diameter 

16 3750 26.284601, 
70.403612 

26.286526, 
70.405114 

Fence 
 

250 m length X 5ft height X  1 (west side) 
 

17 4000 26.286526, 
70.405114 

26.288398, 
70.406657 

Underpass with railing 250 m length X 5 m height 

18 4250 26.288398, 

70.406657 

26.290267, 

70.408269 

Fence 

 

250 m length X 5ft height X 2 (both sides) 

 



Segment Approx. 

chainage (m) 

Start location End location Mitigation structures Dimensions of structures 

19 4500 26.290267, 

70.408269 

26.292151, 

70.409829 

Fence 

Pipe culvert 

250 m length X 5ft height X 2 (both sides) 

2 m diameter 

20 4750 26.292151, 

70.409829 

26.294059, 

70.411368 

Fence 

 

250 m length X 5ft height X 2 (both sides) 

 

21 5000 26.294059, 
70.411368 

26.295938, 
70.412918 

Fence 
Pipe culvert 

250 m length X 5ft height X 2 (both sides) 
2 m diameter 

22 5250 26.295938, 
70.412918 

26.297847, 
70.414454 

Fence 
 

250 m length X 5ft height X 2 (both sides) 
 

23 5500 26.297847, 

70.414454 

26.299758, 

70.415951 

Box culvert  30 m X 4 m 

24 5750 26.299758, 

70.415951 

26.301671, 

70.417478 

Fence 

 

250 m length X 5ft height X 2 (both sides) 

 

25 6000 26.301671, 

70.417478 

26.303581, 

70.419011 

Fence 

Pipe culvert 

250 m length X 5ft height X 2 (both sides) 

2 m diameter 

26 6250 26.303581, 

70.419011 

26.305402, 

70.420675 

Fence 

 

250 m length X 5ft height X 2 (both sides) 

 

27 6500 26.305402, 
70.420675 

26.307398, 
70.422013 

Fence 
Pipe culvert 

250 m length X 5ft height X 2 (both sides) 
2 m diameter 

28 6750 26.307398, 
70.422013 

26.309509, 
70.423201 

Fence 
 

250 m length X 5ft height X 2 (both sides) 
 

29 7000 26.309509, 
70.423201 

26.3116, 
70.424369 

Fence 
Pipe culvert 

250 m length X 5ft height X 2 (both sides) 
2 m diameter 

30 7250 26.3116, 

70.424369 

26.313703, 

70.425545 

Underpass with railing 250 m length X 5 m height 

31 7500 26.313703, 

70.425545 

26.315815, 

70.42669 

Fence 

Pipe culvert 

250 m length X 5ft height X 2 (both sides) 

2 m diameter 

32 7750 26.315815, 

70.42669 

26.317842, 

70.427989 

Fence 

 

250 m length X 5ft height X 2 (both sides) 

15 m X 2 m X2 (both sides) 

33 8000 26.317842, 

70.427989 

26.319862, 

70.429322 

Fence 

Pipe culvert 

250 m length X 5ft height X 2 (both sides) 

2 m diameter 

34 8250 26.319862, 
70.429322 

26.321888, 
70.430672 

Fence 
 

250 m length X 5ft height X 2 (both sides) 
 

35 8500 26.321888, 
70.430672 

26.323777, 
70.432222 

Fence 
Pipe culvert 

250 m length X 5ft height X 2 (both sides) 
2 m diameter 

36 8750 26.323777, 

70.432222 

26.325333, 

70.434161 

Box culvert 30 m X 4 m 

37 9000 26.325333, 

70.434161 

26.326942, 

70.436085 

Fence 

Pipe culvert 

250 m length X 5ft height X 2 (both sides) 

2 m diameter 

38 9250 26.326942, 

70.436085 

26.32854, 

70.438 

Fence 

 

250 m length X 5ft height X 2 (both sides) 

 

39 9500 26.32854, 

70.438 

26.330118, 

70.439944 

Pipe culvert 2 m diameter 

40 9750 26.330118, 
70.439944 

26.331685, 
70.441867 

  

41 10000 26.331685, 
70.441867 

26.33328, 
70.443782 

Pipe culvert 2 m diameter 

42 10250 26.33328, 
70.443782 

26.334853, 
70.445712 

  

43 10500 26.334853, 

70.445712 

26.336458, 

70.447648 

Fence 

Pipe culvert 

250 m length X 5ft height X 2 (both sides) 

2 m diameter 

44 10750 26.336458, 

70.447648 

26.338144, 

70.449456 

Fence 

 

250 m length X 5ft height X 2 (both sides) 

 

45 11000 26.338144, 

70.449456 

26.340044, 

70.451012 

Box culvert  30 m X 4 m 

46 11250 26.340044, 

70.451012 

26.342014, 

70.452415 

Fence 

 

250 m length X 5ft height X 2 (both sides) 

 

47 11500 26.342014, 
70.452415 

26.344014, 
70.453805 

Fence 
Pipe culvert 

250 m length X 5ft height X 2 (both sides) 
2 m diameter 



Segment Approx. 

chainage (m) 

Start location End location Mitigation structures Dimensions of structures 

48 11750 26.344014, 

70.453805 

26.346015, 

70.455169 

Fence 

 

250 m length X 5ft height X 2 (both sides) 

 

49 12000 26.346015, 

70.455169 

26.347987, 

70.45658 

Fence 

Pipe culvert 

250 m length X 5ft height X 2 (both sides) 

2 m diameter 

50 12250 26.347987, 
70.45658 

26.349971, 
70.457953 

Fence 
 

250 m length X 5ft height X 2 (both sides) 
 

51 12500 26.349971, 
70.457953 

26.351747, 
70.459662 

Fence 
Pipe culvert 

250 m length X 5ft height X 2 (both sides) 
2 m diameter 

52 12750 26.351747, 

70.459662 

26.353044, 

70.461815 

Box culvert  30 m X 4 m 

53 13000 26.353044, 

70.461815 

26.354357, 

70.464009 

Fence 

Pipe culvert 

250 m length X 5ft height X 2 (both sides) 

2 m diameter 

54 13250 26.354357, 

70.464009 

26.355676, 

70.466173 

Fence 

 

250 m length X 5ft height X 2 (both sides) 

 

55 13500 26.355676, 

70.466173 

26.357454, 

70.467812 

Fence 

Pipe culvert 

250 m length X 5ft height X 2 (both sides) 

2 m diameter 

56 13750 26.357454, 
70.467812 

26.359413, 
70.469289 

Fence 
 

250 m length X 5ft height X 2 (both sides) 
 

57 14000 26.359413, 
70.469289 

26.361342, 
70.470784 

Fence 
Pipe culvert 

250 m length X 5ft height X 2 (both sides) 
2 m diameter 

58 14250 26.361342, 
70.470784 

26.363286, 
70.472213 

Underpass with railing 250 m length X 5 m height 

59 14500 26.363286, 

70.472213 

26.365256, 

70.473666 

Fence 

Pipe culvert 

250 m length X 5ft height X 2 (both sides) 

2 m diameter 

60 14750 26.365256, 

70.473666 

26.367019, 

70.475385 

Fence 

 

250 m length X 5ft height X 2 (both sides) 

 

61 15000 26.367019, 

70.475385 

26.367294, 

70.477979 

Fence 

Pipe culvert 

250 m length X 5ft height X 2 (both sides) 

2 m diameter 

62 15250 26.367294, 

70.477979 

26.367192, 

70.480548 

Fence 

 

250 m length X 5ft height X 2 (both sides) 

 

63 15500 26.367192, 
70.480548 

26.368313, 
70.482645 

Pipe culvert 2 m diameter 

64 15750 26.368313, 
70.482645 

26.370109, 
70.484322 

  

65 16000 26.370109, 

70.484322 

26.37191, 

70.485999 

Pipe culvert 2 m diameter 

66 16250 26.37191, 

70.485999 

26.373724, 

70.487657 

  

67 16500 26.373724, 

70.487657 

26.375546, 

70.489312 

Pipe culvert 2 m diameter 

68 16750 26.375546, 

70.489312 

26.37737, 

70.490976 

Fence 

 

250 m length X 5ft height X 2 (both sides) 

 

69 17000 26.37737, 
70.490976 

26.379244, 
70.49255 

Fence 
Pipe culvert 

250 m length X 5ft height X 2 (both sides) 
2 m diameter 

70 17250 26.379244, 
70.49255 

26.381198, 
70.494001 

Box culvert  30 m X 4 m 

71 17500 26.381198, 
70.494001 

26.383129, 
70.495501 

Fence 
Pipe culvert 

250 m length X 5ft height X 2 (both sides) 
2 m diameter 

72 17750 26.383129, 

70.495501 

26.384971, 

70.497127 

Fence 

 

250 m length X 5ft height X 2 (both sides) 

 

73 18000 26.384971, 

70.497127 

26.386735, 

70.498849 

Fence 

Pipe culvert 

250 m length X 5ft height X 2 (both sides) 

2 m diameter 

74 18250 26.386735, 

70.498849 

26.388522, 

70.500562 

Fence 

 

250 m length X 5ft height X 2 (both sides) 

 

75 18500 26.388522, 

70.500562 

26.39029, 

70.502276 

Fence 

Pipe culvert 

250 m length X 5ft height X 2 (both sides) 

2 m diameter 

76 18750 26.39029, 
70.502276 

26.392065, 
70.503985 

Fence  
 

250 m length X 5ft height X 2 (both sides) 
 



Segment Approx. 

chainage (m) 

Start location End location Mitigation structures Dimensions of structures 

77 19000 26.392065, 

70.503985 

26.393853, 

70.505697 

Underpass with railing 250 m length X 5 m height 

78 19250 26.393853, 

70.505697 

26.395619, 

70.507399 

Fence  

 

250 m length X 5ft height X 2 (both sides) 

 

79 19500 26.395619, 
70.507399 

26.397416, 
70.509087 

Fence  
Pipe culvert 

250 m length X 5ft height X 2 (both sides) 
2 m diameter 

80 19750 26.397416, 
70.509087 

26.39919, 
70.510798 

Fence  
 

250 m length X 5ft height X 2 (both sides) 
 

81 20000 26.39919, 

70.510798 

26.400996, 

70.512513 

Fence 

 Pipe culvert 

250 m length X 5ft height X 2 (both sides) 

2 m diameter 

82 20250 26.400996, 

70.512513 

26.402802, 

70.51419 

Fence  

 

250 m length X 5ft height X 2 (both sides) 

 

83 20500 26.402802, 

70.51419 

26.404587, 

70.515855 

Fence 

 Pipe culvert 

250 m length X 5ft height X 2 (both sides) 

2 m diameter 

84 20750 26.404587, 

70.515855 

26.406429, 

70.517505 

Box culvert  30 m X 4 m 

85 21000 26.406429, 
70.517505 

26.408269, 
70.519139 

Fence 
 Pipe culvert 

250 m length X 5ft height X 2 (both sides) 
2 m diameter 

86 21250 26.408269, 
70.519139 

26.410164, 
70.520671 

Fence  
 

250 m length X 5ft height X 2 (both sides) 
 

87 21500 26.410164, 
70.520671 

26.412152, 
70.522053 

Pipe culvert 2 m diameter 

88 21750 26.412152, 

70.522053 

26.414138, 

70.523436 

Fence 

  

250 m length X 5ft height X 2 (both sides) 

 

89 22000 26.414138, 

70.523436 

26.416133, 

70.524842 

Box culvert 30 m X 4 m 

90 22250 26.416133, 

70.524842 

26.418116, 

70.526234 

Fence  

 

250 m length X 5ft height X 2 (both sides) 

 

91 22500 26.418116, 

70.526234 

26.420093, 

70.527644 

Fence 

 Pipe culvert 

250 m length X 5ft height X 2 (both sides) 

2 m diameter 

92 22750 26.420093, 
70.527644 

26.4221, 
70.529011 

  

93 23000 26.4221, 
70.529011 

26.42409, 
70.530413 

Fence 
 Pipe culvert 

250 m length X 5ft height X 2 (both sides) 
2 m diameter 

94 23250 26.42409, 

70.530413 

26.42609, 

70.531793 

Fence  

 

250 m length X 5ft height X 2 (both sides) 

 

95 23500 26.42609, 

70.531793 

26.428082, 

70.533189 

Fence  

Pipe culvert 

250 m length X 5ft height X 2 (both sides) 

2 m diameter 

96 23750 26.428082, 

70.533189 

26.43004, 

70.53461 

Fence  

 

250 m length X 5ft height X 2 (both sides) 

 

97 24000 26.43004, 

70.53461 

26.43205, 

70.535993 

Underpass with railing 250 m length X 5 m height 

98 24250 26.43205, 
70.535993 

26.434027, 
70.537376 

Fence  
 

250 m length X 5ft height X 2 (both sides) 
 

99 24500 26.434027, 
70.537376 

26.436027, 
70.538769 

Fence 
 Pipe culvert 

250 m length X 5ft height X 2 (both sides) 
2 m diameter 

100 24750 26.436027, 
70.538769 

26.438027, 
70.54017 

Fence  
 

250 m length X 5ft height X 2 (both sides) 
 

101 25000 26.438027, 

70.54017 

26.440008, 

70.541558 

Fence  

Pipe culvert 

250 m length X 5ft height X 2 (both sides) 

2 m diameter 

102 25250 26.440008, 

70.541558 

26.441997, 

70.542931 

 250 m length X 2 m height 

 

103 25500 26.441997, 

70.542931 

26.444011, 

70.544334 

Pipe culvert 2 m diameter 

104 25750 26.444011, 

70.544334 

26.44599, 

70.545714 

Fence  

 

250 m length X 5ft height X 2 (both sides) 

 

105 26000 26.44599, 
70.545714 

26.447979, 
70.547108 

Fence 
 Pipe culvert 

250 m length X 5ft height X 2 (both sides) 
2 m diameter 



Segment Approx. 

chainage (m) 

Start location End location Mitigation structures Dimensions of structures 

106 26250 26.447979, 

70.547108 

26.449966, 

70.548503 

Box culvert  30 m X 4 m 

107 26500 26.449966, 

70.548503 

26.451961, 

70.549938 

Fence 

Pipe culvert 

250 m length X 5ft height X 2 (both sides) 

2 m diameter 

108 26750 26.451961, 
70.549938 

26.453937, 
70.551326 

Fence  
 

250 m length X 5ft height X 2 (both sides) 
 

109 27000 26.453937, 
70.551326 

26.455929, 
70.552701 

Fence 
Pipe culvert 

250 m length X 5ft height X 2 (both sides) 
2 m diameter 

110 27250 26.455929, 

70.552701 

26.457894, 

70.554113 

Fence  

 

250 m length X 5ft height X 2 (both sides) 

 

111 27500 26.457894, 

70.554113 

26.459884, 

70.555522 

Fence 

Pipe culvert 

250 m length X 5ft height X 2 (both sides) 

2 m diameter 

112 27750 26.459884, 

70.555522 

26.461853, 

70.556942 

Fence  

 

250 m length X 5ft height X 2 (both sides) 

 

113 28000 26.461853, 

70.556942 

26.463851, 

70.558353 

Fence  

Pipe culvert 

250 m length X 5ft height X 2 (both sides) 

2 m diameter 

114 28250 26.463851, 
70.558353 

26.465794, 
70.559804 

Underpass with railing 150 m length X 5 m height 

115 28500 26.465794, 
70.559804 

26.467756, 
70.561269 

Fence 
Pipe culvert 

250 m length X 5ft height X 2 (both sides) 
2 m diameter 

116 28750 26.467756, 
70.561269 

26.469691, 
70.562765 

Fence  
 

250 m length X 5ft height X 2 (both sides) 
 

117 29000 26.469691, 

70.562765 

26.471384, 

70.564535 

Fence  

Pipe culvert 

250 m length X 5ft height X 2 (both sides) 

2 m diameter 

118 29250 26.471384, 

70.564535 

26.473042, 

70.566323 

Fence  

 

250 m length X 5ft height X 2 (both sides) 

 

119 29500 26.473042, 

70.566323 

26.475134, 

70.567538 

Box culvert  30 m X 4 m 

120 29750 26.475134, 

70.567538 

26.477209, 

70.568774 

Fence  

 

250 m length X 5ft height X 2 (both sides) 

 

121 30000 26.477209, 
70.568774 

26.479287, 
70.570012 

Fence 
Pipe culvert 

250 m length X 5ft height X 2 (both sides) 
2 m diameter 

122 30250 26.479287, 
70.570012 

26.481348, 
70.571244 

  

123 30500 26.481348, 

70.571244 

26.483424, 

70.572497 

Fence 

Pipe culvert 

250 m length X 5ft height X 2 (both sides) 

2 m diameter 

124 30750 26.483424, 

70.572497 

26.485505, 

70.573727 

Fence 

 

250 m length X 5ft height X 2 (both sides) 

 

125 31000 26.485505, 

70.573727 

26.487569, 

70.57494 

Underpass with railing 250 m length X 5 m height 

126 31250 26.487569, 

70.57494 

26.489641, 

70.576177 

Fence 

 

250 m length X 5ft height X 2 (both sides) 

 

127 31500 26.489641, 
70.576177 

26.491346, 
70.577931 

Fence 
Pipe culvert 

250 m length X 5ft height X 2 (both sides) 
2 m diameter 

128 31750 26.491346, 
70.577931 

26.492746, 
70.580068 

  

129 32000 26.492746, 
70.580068 

26.494099, 
70.582171 

Fence 
Pipe culvert 

250 m length X 5ft height X 2 (both sides) 
2 m diameter 

130 32250 26.494099, 

70.582171 

26.495458, 

70.584328 

Fence 

 

250 m length X 5ft height X 2 (both sides) 

15 m X 2 m 

131 32500 26.495458, 

70.584328 

26.496828, 

70.586443 

Box culvert  30 m X 4 m 

132 32750 26.496828, 

70.586443 

26.498178, 

70.588585 

Fence 

 

250 m length X 5ft height X 2 (both sides) 

 

133 33000 26.498178, 

70.588585 

26.499543, 

70.590725 

Fence 

Pipe culvert 

250 m length X 5ft height X 2 (both sides) 

2 m diameter 

134 33250 26.499543, 
70.590725 

26.50088, 
70.592844 

  



Segment Approx. 

chainage (m) 

Start location End location Mitigation structures Dimensions of structures 

135 33500 26.50088, 

70.592844 

26.502271, 

70.594983 

Pipe culvert 2 m diameter 

136 33750 26.502271, 

70.594983 

26.503619, 

70.597119 

  

137 34000 26.503619, 
70.597119 

26.504952, 
70.599253 

Pipe culvert 2 m diameter 

138 34250 26.504952, 
70.599253 

26.506308, 
70.601407 

  

139 34500 26.506308, 

70.601407 

26.507633, 

70.60356 

Pipe culvert 2 m diameter 

140 34750 26.507633, 

70.60356 

26.508976, 

70.605701 

  

141 35000 26.508976, 

70.605701 

26.51016, 

70.607965 

Box culvert  30 m X 4 m 

142 35250 26.51016, 

70.607965 

26.511023, 

70.61039 

  

143 35500 26.511023, 
70.61039 

26.511915, 
70.612827 

Pipe culvert 2 m diameter 

144 35750 26.511915, 
70.612827 

26.5128, 
70.615236 

  

145 36000 26.5128, 
70.615236 

26.513695, 
70.617668 

Pipe culvert 2 m diameter 

146 36250 26.513695, 

70.617668 

26.514564, 

70.620071 

  

147 36500 26.514564, 

70.620071 

26.515437, 

70.62251 

Fence 

Pipe culvert 

250 m length X 5ft height X 2 (both sides) 

2 m diameter 

148 36750 26.515437, 

70.62251 

26.516333, 

70.624928 

Fence 

 

250 m length X 5ft height X 2 (both sides) 

 

149 37000 26.516333, 

70.624928 

26.517231, 

70.627342 

Box culvert  30 m X 4 m 

150 37250 26.517231, 
70.627342 

26.518115, 
70.629753 

Fence 
 

250 m length X 5ft height X 2 (both sides) 
 

151 37500 26.518115, 
70.629753 

26.519015, 
70.632192 

Fence 
Pipe culvert 

250 m length X 5ft height X 2 (both sides) 
2 m diameter 

152 37750 26.519015, 

70.632192 

26.519904, 

70.634604 

  

153 38000 26.519904, 

70.634604 

26.520808, 

70.637012 

Pipe culvert 2 m diameter 

154 38250 26.520808, 

70.637012 

26.521706, 

70.639436 

  

155 38500 26.521706, 

70.639436 

26.523296, 

70.64123 

Pipe culvert 2 m diameter 

156 38750 26.523296, 
70.64123 

26.525261, 
70.64265 

Fence 
 

250 m length X 5ft height X 2 (both sides) 
 

157 39000 26.525261, 
70.64265 

26.527235, 
70.644102 

Fence 
Pipe culvert 

250 m length X 5ft height X 2 (both sides) 
2 m diameter 

158 39250 26.527235, 
70.644102 

26.529184, 
70.645554 

Underpass with railing 250 m length X 5 m height 

159 39500 26.529184, 

70.645554 

26.531135, 

70.647003 

Fence 

Pipe culvert 

250 m length X 5ft height X 2 (both sides) 

2 m diameter 

160 39750 26.531135, 

70.647003 

26.533105, 

70.648491 

Fence 

 

250 m length X 5ft height X 2 (both sides) 

 

161 40000 26.533105, 

70.648491 

26.535044, 

70.649939 

Fence 

Pipe culvert 

250 m length X 5ft height X 2 (both sides) 

2 m diameter 

162 40250 26.535044, 

70.649939 

26.536976, 

70.651441 

Fence 

 

250 m length X 5ft height X 2 (both sides) 

 

163 40500 26.536976, 
70.651441 

26.538918, 
70.652894 

Fence 
Pipe culvert 

250 m length X 5ft height X 2 (both sides) 
2 m diameter 



Segment Approx. 

chainage (m) 

Start location End location Mitigation structures Dimensions of structures 

164 40750 26.538918, 

70.652894 

26.540863, 

70.654366 

Fence 

 

250 m length X 5ft height X 2 (both sides) 

 

165 41000 26.540863, 

70.654366 

26.542763, 

70.655907 

Fence 

Pipe culvert 

250 m length X 5ft height X 2 (both sides) 

2 m diameter 

166 41250 26.542763, 
70.655907 

26.544277, 
70.657907 

Fence 
 

250 m length X 5ft height X 2 (both sides) 
 

167 41500 26.544277, 
70.657907 

26.545788, 
70.659903 

Box culvert  30 m X 4 m 

168 41750 26.545788, 

70.659903 

26.547253, 

70.661939 

Fence 

 

250 m length X 5ft height X 2 (both sides) 

 

169 42000 26.547253, 

70.661939 

26.548733, 

70.663976 

Fence 

Pipe culvert 

250 m length X 5ft height X 2 (both sides) 

2 m diameter 

170 42250 26.548733, 

70.663976 

26.550796, 

70.665179 

  

171 42500 26.550796, 

70.665179 

26.553023, 

70.666074 

Pipe culvert 2 m diameter 

172 42750 26.553023, 
70.666074 

26.555219, 
70.66697 

  

173 43000 26.555219, 
70.66697 

26.557449, 
70.667807 

Fence 
Pipe culvert 

250 m length X 5ft height X 2 (both sides) 
2 m diameter 

174 43250 26.557449, 
70.667807 

26.559627, 
70.668801 

Fence 
 

250 m length X 5ft height X 2 (both sides) 
 

175 43500 26.559627, 

70.668801 

26.5617, 

70.670025 

Fence 

Pipe culvert 

250 m length X 5ft height X 2 (both sides) 

2 m diameter 

176 43750 26.5617, 

70.670025 

26.56376, 

70.671327 

Fence 

 

250 m length X 5ft height X 2 (both sides) 

 

177 44000 26.56376, 

70.671327 

26.565776, 

70.672635 

Underpass with railing 250 m length X 5 m height 

178 44250 26.565776, 

70.672635 

26.567846, 

70.6739 

Fence 

 

250 m length X 5ft height X 2 (both sides) 

 

179 44500 26.567846, 
70.6739 

26.569674, 
70.675474 

Fence 
Pipe culvert 

250 m length X 5ft height X 2 (both sides) 
2 m diameter 

180 44750 26.569674, 
70.675474 

26.571082, 
70.677551 

Fence 
 

250 m length X 5ft height X 2 (both sides) 
 

181 45000 26.571082, 

70.677551 

26.572494, 

70.67964 

Fence 

Pipe culvert 

250 m length X 5ft height X 2 (both sides) 

2 m diameter 

182 45250 26.572494, 

70.67964 

26.57406, 

70.681591 

Fence 

 

250 m length X 5ft height X 2 (both sides) 

 

183 45500 26.57406, 

70.681591 

26.57608, 

70.682931 

Fence 

Pipe culvert 

250 m length X 5ft height X 2 (both sides) 

2 m diameter 

184 45750 26.57608, 

70.682931 

26.578098, 

70.684264 

Box culvert  30 m X 4 m 

185 46000 26.578098, 
70.684264 

26.580139, 
70.685593 

Fence 
Pipe culvert 

250 m length X 5ft height X 2 (both sides) 
2 m diameter 

186 46250 26.580139, 
70.685593 

26.582172, 
70.686924 

Fence 
 

250 m length X 5ft height X 2 (both sides) 
 

187 46500 26.582172, 
70.686924 

26.58418, 
70.688282 

Fence 
Pipe culvert 

250 m length X 5ft height X 2 (both sides) 
2 m diameter 

188 46750 26.58418, 

70.688282 

26.586178, 

70.689602 

Fence 

 

250 m length X 5ft height X 2 (both sides) 

 

189 47000 26.586178, 

70.689602 

26.588219, 

70.690923 

Fence 

Pipe culvert 

250 m length X 5ft height X 2 (both sides) 

2 m diameter 

190 47250 26.588219, 

70.690923 

26.590233, 

70.692267 

Fence 

 

250 m length X 5ft height X 2 (both sides) 

 

191 47500 26.590233, 

70.692267 

26.592255, 

70.693613 

Box culvert  30 m X 4 m 

192 47750 26.592255, 
70.693613 

26.594288, 
70.694945 

Fence 
 

250 m length X 5ft height X 2 (both sides) 
 



Segment Approx. 

chainage (m) 

Start location End location Mitigation structures Dimensions of structures 

193 48000 26.594288, 

70.694945 

26.596303, 

70.696247 

Fence 

Pipe culvert 

250 m length X 5ft height X 2 (both sides) 

2 m diameter 

194 48250 26.596303, 

70.696247 

26.598339, 

70.697594 

  

195 48500 26.598339, 
70.697594 

26.600217, 
70.699147 

Pipe culvert 2 m diameter 

196 48750 26.600217, 
70.699147 

26.601912, 
70.700949 

  

197 49000 26.601912, 

70.700949 

26.603653, 

70.70273 

Pipe culvert 2 m diameter 

198 49250 26.603653, 

70.70273 

26.605375, 

70.704518 

  

199 49500 26.605375, 

70.704518 

26.607102, 

70.706277 

Pipe culvert 2 m diameter 

200 49750 26.607102, 

70.706277 

26.608823, 

70.708073 

  

201 50000 26.608823, 
70.708073 

26.610545, 
70.709843 

Pipe culvert 2 m diameter 

202 50250 26.610545, 
70.709843 

26.61254, 
70.711081 

  

203 50500 26.61254, 
70.711081 

26.614774, 
70.710348 

Pipe culvert 2 m diameter 

204 50750 26.614774, 

70.710348 

26.616834, 

70.709085 

  

205 51000 26.616834, 

70.709085 

26.618878, 

70.707776 

Pipe culvert 2 m diameter 

206 51250 26.618878, 

70.707776 

26.620916, 

70.706495 

  

207 51500 26.620916, 

70.706495 

26.622951, 

70.705153 

Pipe culvert 2 m diameter 

208 51750 26.622951, 
70.705153 

26.624937, 
70.703793 

Fence 
 

250 m length X 5ft height X 2 (both sides) 
 

209 52000 26.624937, 
70.703793 

26.626977, 
70.702424 

Fence 
Pipe culvert 

250 m length X 5ft height X 2 (both sides) 
2 m diameter 

210 52250 26.626977, 

70.702424 

26.628982, 

70.701094 

Box culvert  30 m X 4 m 

211 52500 26.628982, 

70.701094 

26.631001, 

70.699748 

Fence 

Pipe culvert 

250 m length X 5ft height X 2 (both sides) 

2 m diameter 

212 52750 26.631001, 

70.699748 

26.632976, 

70.698346 

Fence 

 

250 m length X 5ft height X 2 (both sides) 

 

213 53000 26.632976, 

70.698346 

26.634899, 

70.696781 

Fence 

Pipe culvert 

250 m length X 5ft height X 2 (both sides) 

2 m diameter 

214 53250 26.634899, 
70.696781 

26.636762, 
70.695233 

Fence 
 

250 m length X 5ft height X 2 (both sides) 
 

215 53500 26.636762, 
70.695233 

26.638666, 
70.693699 

Fence 
Pipe culvert 

250 m length X 5ft height X 2 (both sides) 
2 m diameter 

216 53750 26.638666, 
70.693699 

26.640886, 
70.692847 

Fence 
 

250 m length X 5ft height X 2 (both sides) 
 

217 54000 26.640886, 

70.692847 

26.643133, 

70.692 

Box culvert  30 m X 4 m 

218 54250 26.643133, 

70.692 

26.645432, 

70.691567 

Fence 

 

250 m length X 5ft height X 2 (both sides) 

 

219 54500 26.645432, 

70.691567 

26.647767, 

70.691741 

Fence 

Pipe culvert 

250 m length X 5ft height X 2 (both sides) 

2 m diameter 

220 54750 26.647767, 

70.691741 

26.650114, 

70.691963 

  

221 55000 26.650114, 
70.691963 

26.65245, 
70.69216 

Pipe culvert 2 m diameter 



Segment Approx. 

chainage (m) 

Start location End location Mitigation structures Dimensions of structures 

222 55250 26.65245, 

70.69216 

26.654793, 

70.692379 

Fence 

 

250 m length X 5ft height X 2 (both sides) 

 

223 55500 26.654793, 

70.692379 

26.657132, 

70.692606 

Fence 

Pipe culvert 

250 m length X 5ft height X 2 (both sides) 

2 m diameter 

224 55750 26.657132, 
70.692606 

26.65949, 
70.692825 

Underpass with railing 250 m length X 5 m height 

225 56000 26.65949, 
70.692825 

26.661822, 
70.693028 

Fence 
Pipe culvert 

250 m length X 5ft height X 2 (both sides) 
2 m diameter 

226 56250 26.661822, 

70.693028 

26.664182, 

70.693237 

Fence 

 

250 m length X 5ft height X 2 (both sides) 

 

227 56500 26.664182, 

70.693237 

26.666492, 

70.693463 

Fence 

Pipe culvert 

250 m length X 5ft height X 2 (both sides) 

2 m diameter 

228 56750 26.666492, 

70.693463 

26.668868, 

70.693671 

Fence 

 

250 m length X 5ft height X 2 (both sides) 

 

229 57000 26.668868, 

70.693671 

26.671207, 

70.6939 

Pipe culvert 2 m diameter 

230 57250 26.671207, 
70.6939 

26.673536, 
70.69412 

  

231 57500 26.673536, 
70.69412 

26.675887, 
70.69434 

Pipe culvert 2 m diameter 

232 57750 26.675887, 
70.69434 

26.678235, 
70.69457 

  

233 58000 26.678235, 

70.69457 

26.680575, 

70.69478 

Fence 

Pipe culvert 

250 m length X 5ft height X 2 (both sides) 

2 m diameter 

234 58250 26.680575, 

70.69478 

26.682936, 

70.694994 

Fence 

 

250 m length X 5ft height X 2 (both sides) 

 

235 58500 26.682936, 

70.694994 

26.685252, 

70.695204 

Box culvert  30 m X 4 m 

236 58750 26.685252, 

70.695204 

26.687607, 

70.695409 

Fence 

 

250 m length X 5ft height X 2 (both sides) 

 

237 59000 26.687607, 
70.695409 

26.689952, 
70.695625 

Fence 
Pipe culvert 

250 m length X 5ft height X 2 (both sides) 
2 m diameter 

238 59250 26.689952, 
70.695625 

26.692283, 
70.695838 

  

239 59500 26.692283, 

70.695838 

26.694638, 

70.696044 

Pipe culvert 2 m diameter 

240 59750 26.694638, 

70.696044 

26.696977, 

70.696276 

  

241 60000 26.696977, 

70.696276 

26.699331, 

70.696498 

Fence 

Pipe culvert 

250 m length X 5ft height X 2 (both sides) 

2 m diameter 

242 60250 26.699331, 

70.696498 

26.701649, 

70.696798 

Fence 

 

250 m length X 5ft height X 2 (both sides) 

 

243 60500 26.701649, 
70.696798 

26.703554, 
70.698274 

Fence 
Pipe culvert 

250 m length X 5ft height X 2 (both sides) 
2 m diameter 

244 60750 26.703554, 
70.698274 

26.705053, 
70.700282 

Fence 
 

250 m length X 5ft height X 2 (both sides) 
 

245 61000 26.705053, 
70.700282 

26.70658, 
70.702277 

Underpass with railing 150 m length X 5 m height 

246 61250 26.70658, 

70.702277 

26.708048, 

70.704325 

Fence 

 

250 m length X 5ft height X 2 (both sides) 

247 (Sip) 61500 26.708048, 

70.704325 

26.709572, 

70.706322 

Fence 

Pipe culvert 

250 m length X 5ft height X 2 (both sides) 

2 m diameter 

 

 

 



Landscaping diagrams of recommended underpass, box culvert and pipe culvert 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 Figure 10: Proposed designs of recommended animal passages, 

i.e., underpass, box culvert and pipe culvert 

Pipe culvert 
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Annexures 

Annexure 1: List of mammal species observed/reported within road impact zone, along with their 

relative abundance estimates (RAI) from camera traps and traffic mortality information 

Abbreviation: LC- least concern 

Class Family Scientific name Common name 
IUCN 

status 

Abundance status 

(RAI±SD) /24 

hours 

Roadkill 

found? 

Mammalia Bovidae Boselaphus tragocamelus 

(Pallas, 1766) 

Nilgai LC 0.003±0.02 No 

Mammalia Bovidae Gazella bennetti  

(Sykes, 1831) 

Chinkara LC 0.29±0.36 Yes 

Mammalia Canidae Vulpes bengalensis  

(Shaw, 1800) 

Indian fox LC NA No 

Mammalia Canidae Vulpes vulpes pusilla  

(Blyth, 1854) 

Desert fox LC 0.03±0.07 Yes 

Mammalia Erinaceidae Hemiechinus collaris  

(Gray, 1830) 

Indian long-

eared hedgehog 

LC NA No 

Mammalia Erinaceidae Paraechinus micropus  

(Blyth, 1846) 

Indian hedgehog LC NA Yes 

Mammalia Felidae Felis lybica ornata  

(Gray, 1830) 

Desert cat LC 0.01±0.05 Yes 

Mammalia Herpestidae Urva edwardsii  

(E. Geoffroy Saint-Hillaire, 

1818) 

Indian grey 

mongoose 

LC NA No 

Mammalia Muridae Meriones hurrianae  

(Jerdon, 1867) 

Indian jird LC NA Yes 

Mammalia Muridae Tatera indica  

(Hardwicke, 1807) 

Indian gerbil LC NA Yes 

Mammalia Sciuridae Funambulus pennantii 

(Wroughton, 1905) 

Northern palm 

squirrel 

LC NA Yes 

Mammalia Suidae Sus scrofa  

(Linnaeus, 1758) 

Wild pig LC 0.05±0.08 Yes 

  



Annexure 2: List of herpetofauna species observed/reported within road impact zone along with their 

traffic mortality information 

Abbreviations: LC- least concern; NA- not assessed; VU- Vulnerable; NT- near threatened 

Class Family Scientific name Common name IUCN status Roadkill 

found? 

Amphibia Bufonidae Duttaphrynus stomaticus  

(Lütken, 1864) 

Marbled asian toad LC Yes 

Amphibia Dicroglossidae Euphlyctis cyanophlyctis Indian skipper frog LC No 

Reptilia Agamidae Bufoniceps laungwalaensis  

(Sharma, 1978) 

Toed-headed agama LC No 

Reptilia Agamidae Calotes vultuosa  

(Harlan, 1825) 

Garden lizard NA Yes 

Reptilia Agamidae Saara hardwickii  

(Gray, 1827) 

Indian spiny-tailed lizard VU No 

Reptilia Agamidae Trapelus agilis  

(Olivier, 1807) 

Brilliant ground agama LC Yes 

Reptilia Boidae Eryx johnii  

(Russell, 1801) 

Red sand boa NT Yes 

Reptilia Colubridae Boiga trigonata  

(Schneider, 1802) 

Common cat snake LC Yes 

Reptilia Colubridae Lytorhynchus paradoxus  
(Günther, 1875) 

Sindh awl-headed snake LC No 

Reptilia Colubridae Platyceps ventromaculatus  

(Gray, 1834) 

Glossy-bellied racer LC Yes 

Reptilia Colubridae Psammophis schokari  

(Forsskål, 1775) 

Afro-asian sand snake LC No 

Reptilia Colubridae Spalerosophis arenarius  

(Boulenger, 1890) 

Red-spotted royal snake LC Yes 

Reptilia Elapidae Naja naja (Linnaeus, 1758) Spectacled cobra LC No 

Reptilia Gekkonidae Crossobamon orientalis  

(Blanformd, 1876) 

Sind sand gecko LC Yes 

Reptilia Gekkonidae Microgecko persicus  

(Nikolsky, 1903) 

Persian dwarf gecko LC No 

Reptilia Scincidae Ophiomorus raithmai  

(Anderson & Leviton, 1966) 

Three-fingered sand-fish LC Yes 

Reptilia Varanidae Varanus bengalesis  

(Daudin, 1802) 

Bengal monitor lizard NT Yes 

Reptilia Varanidae Varanus griseus  

(Daudin, 1803) 

Desert monitor lizard LC No 

Reptilia Viperidae Echis carinatus sochureki  

(Stemmier, 1969) 

Saw scale viper LC Yes 

 

  

https://en.wikipedia.org/wiki/Albert_G%C3%BCnther
https://en.wikipedia.org/wiki/Albert_G%C3%BCnther


 

Annexure 3:  Checklist of bird species reported from Jaisalmer region (eBird 2023)  

Abbreviations: LC- least concern; NA- not assessed; VU- Vulnerable; NT- near threatened 

SN Scientific name Common name Family IUCN status 

1 Accipiter badius Shikra Accipitridae LC 

2 Accipiter nisus Eurasian Sparrowhawk Accipitridae LC 

3 Acridotheres ginginianus Bank Myna Sturnidae LC 

4 Acridotheres tristis Common Myna Sturnidae LC 

5 Acrocephalus agricola Paddyfield Warbler Acrocephalidae LC 

6 Acrocephalus dumetorum Blyth's Reed Warbler Acrocephalidae LC 

7 Acrocephalus melanopogon Moustached Warbler Acrocephalidae LC 

8 Acrocephalus stentoreus Clamorous Reed Warbler Acrocephalidae LC 

9 Actitis hypoleucos Common Sandpiper Scolopacidae LC 

10 Aegypius monachus Cinereous Vulture Accipitridae NT 

11 Alaemon alaudipes Greater Hoopoe-Lark Alaudidae LC 

12 Alauda gulgula Oriental Skylark Alaudidae LC 

13 Alcedo atthis Common Kingfisher Alcedinidae LC 

14 Amandava amandava Red Avadavat Estrildidae LC 

15 Amaurornis phoenicurus White-breasted Waterhen Rallidae LC 

16 Ammomanes deserti Desert Lark Alaudidae LC 

17 Ammomanes phoenicura Rufous-tailed Lark Alaudidae LC 

18 Anas acuta Northern Pintail Anatidae LC 

19 Anas crecca Green-winged Teal Anatidae LC 

20 Anas platyrhynchos Mallard Anatidae LC 

21 Anas poecilorhyncha Indian Spot-billed Duck Anatidae LC 

22 Anastomus oscitans Asian Openbill Ciconiidae LC 

23 Anhinga melanogaster Oriental Darter Anhingidae NT 

24 Anser anser Graylag Goose Anatidae LC 

25 Anser indicus Bar-headed Goose Anatidae LC 

26 Anthropoides virgo Demoiselle Crane Gruidae LC 

27 Anthus campestris Tawny Pipit Motacillidae LC 

28 Anthus godlewskii Blyth's Pipit Motacillidae LC 

29 Anthus hodgsoni Olive-backed Pipit Motacillidae LC 

30 Anthus richardi Richard's Pipit Motacillidae LC 

31 Anthus rubescens American Pipit Motacillidae LC 

32 Anthus rufulus Paddyfield Pipit Motacillidae LC 

33 Anthus similis Long-billed Pipit Motacillidae LC 

34 Anthus spinoletta Water Pipit Motacillidae LC 



SN Scientific name Common name Family IUCN status 

35 Anthus trivialis Tree Pipit Motacillidae LC 

36 Antigone antigone Sarus Crane Gruidae VU 

37 Apus affinis Little Swift Apodidae LC 

38 Aquila fasciata Bonelli's Eagle Accipitridae LC 

39 Aquila heliaca Imperial Eagle Accipitridae VU 

40 Aquila nipalensis Steppe Eagle Accipitridae EN 

41 Aquila rapax Tawny Eagle Accipitridae VU 

42 Ardea alba Great Egret Ardeidae LC 

43 Ardea cinerea Gray Heron Ardeidae LC 

44 Ardea intermedia Intermediate Egret Ardeidae LC 

45 Ardea purpurea Purple Heron Ardeidae LC 

46 Ardeola grayii Indian Pond-Heron Ardeidae LC 

47 Argya caudata Common Babbler Leiotrichidae LC 

48 Argya malcolmi Large Gray Babbler Leiotrichidae LC 

49 Argya striata Jungle Babbler Leiothrichidae LC 

50 Asio flammeus Short-eared Owl Strigidae LC 

51 Asio otus Long-eared Owl Strigidae LC 

52 Athene brama Spotted Owlet Strigidae LC 

53 Aythya ferina Common Pochard Anatidae VU 

54 Aythya fuligula Tufted Duck Anatidae LC 

55 Aythya nyroca Ferruginous Duck Anatidae NT 

56 Bubulcus ibis Cattle Egret Ardeidae LC 

57 Bucanetes githagineus Trumpeter Finch Fringillidae LC 

58 Burhinus indicus Indian Thick-knee Burhinidae LC 

59 Butastur teesa White-eyed Buzzard Accipitridae LC 

60 Buteo buteo Common Buzzard Accipitridae LC 

61 Buteo rufinus Long-legged Buzzard Accipitridae LC 

62 Butorides striata Striated Heron Ardeidae LC 

63 Calandrella brachydactyla Greater Short-toed Lark Alaudidae LC 

64 Calidris alpina Dunlin Scolopacidae LC 

65 Calidris ferruginea Curlew Sandpiper Scolopacidae NT 

66 Calidris minuta Little Stint Scolopacidae LC 

67 Calidris pugnax Ruff Scolopacidae LC 

68 Calidris temminckii Temminck's Stint Scolopacidae LC 

69 Caprimulgus affinis Savanna Nightjar Caprimulgidae LC 

70 Caprimulgus asiaticus Indian Nightjar Caprimulgidae LC 

71 Caprimulgus mahrattensis Sykes's Nightjar Caprimulgidae LC 

72 Carpodacus erythrinus Common Rosefinch Fringillidae LC 



SN Scientific name Common name Family IUCN status 

73 Cecropis daurica Red-rumped Swallow Hirundinidae LC 

74 Centropus sinensis Greater Coucal Cuculidae LC 

75 Cercotrichas galactotes Rufous-tailed Scrub-Robin Muscicapidae LC 

76 Ceryle rudis Pied Kingfisher Alcedinidae LC 

77 Charadrius alexandrinus Kentish Plover Charadriidae LC 

78 Charadrius asiaticus Caspian Plover Charadriidae LC 

79 Charadrius dubius Little Ringed Plover Charadriidae LC 

80 Chlamydotis macqueenii Macqueen's Bustard Otididae VU 

81 Chlidonias hybrida Whiskered Tern Laridae LC 

82 Chlidonias leucopterus White-winged Tern Laridae LC 

83 Chroicocephalus ridibundus Black-headed Gull Laridae  LC 

84 Chrysomma sinense Yellow-eyed Babbler Sylviidae LC 

85 Ciconia ciconia White Stork Ciconiidae LC 

86 Ciconia episcopus Asian Woolly-necked Stork Ciconiidae VU 

87 Ciconia nigra Black Stork Ciconiidae LC 

88 Cinnyris asiaticus Purple Sunbird Nectariniidae LC 

89 Circaetus gallicus Short-toed Snake-Eagle Accipitridae LC 

90 Circus aeruginosus Eurasian Marsh-Harrier Accipitridae LC 

91 Circus cyaneus Hen Harrier Accipitridae LC 

92 Circus macrourus Pallid Harrier Accipitridae NT 

93 Circus pygargus Montagu's Harrier Accipitridae LC 

94 Cisticola juncidis Zitting Cisticola Cisticolidae LC 

95 Clamator jacobinus Pied Cuckoo Cuculidae LC 

96 Clanga clanga Greater Spotted Eagle Accipitridae VU 

97 Clanga hastata Indian Spotted Eagle Accipitridae VU 

98 Columba eversmanni Yellow-eyed Pigeon Columbidae VU 

99 Columba livia Rock Pigeon Columbidae LC 

100 Copsychus fulicatus Indian Robin Muscicapidae LC 

101 Copsychus saularis Oriental Magpie-Robin Muscicapidae LC 

102 Coracias benghalensis Indian Roller Coraciidae LC 

103 Coracias garrulus European Roller Coraciidae LC 

104 Coracina macei Large Cuckooshrike Campephagidae LC 

105 Corvus corax Common Raven Corvidae LC 

106 Corvus macrorhynchos Large-billed Crow Corvidae LC 

107 Corvus splendens House Crow Corvidae LC 

108 Coturnix coromandelica Rain Quail Phasianidae LC 

109 Coturnix coturnix Common Quail Phasianidae LC 

110 Cuculus canorus Common Cuckoo Cuculidae LC 

https://www.itis.gov/servlet/SingleRpt/SingleRpt?search_topic=TSN&search_value=176802
https://en.wikipedia.org/wiki/Old_World_flycatcher


SN Scientific name Common name Family IUCN status 

111 Culicicapa ceylonensis Gray-headed Canary-Flycatcher Stenostiridae LC 

112 Curruca communis Greater Whitethroat Sylviidae LC 

113 Curruca crassirostris Eastern Orphean Warbler Sylviidae LC 

114 Curruca curruca Lesser Whitethroat Sylviidae LC 

115 Curruca nana Asian Desert Warbler Sylviidae LC 

116 Cursorius coromandelicus Indian Courser Glareolidae LC 

117 Cursorius cursor Cream-colored Courser Glareolidae LC 

118 Cypsiurus balasiensis Asian Palm Swift Apodidae LC 

119 Dendrocitta vagabunda Rufous Treepie Corvidae LC 

120 Dendrocopos assimilis Sind Woodpecker Picidae LC 

121 Dendrocygna javanica Lesser Whistling-Duck Anatidae LC 

122 Dicrurus macrocercus Black Drongo Dicruridae LC 

123 Dinopium benghalense Black-rumped Flameback Picidae LC 

124 Dumetia hyperythra Tawny-bellied Babbler Timaliidae LC 

125 Egretta garzetta Little Egret Ardeidae LC 

126 Egretta gularis Western Reef-Heron Ardeidae LC 

127 Elanus caeruleus Black-winged Kite Accipitridae LC 

128 Emberiza bruniceps Red-headed Bunting Emberizidae LC 

129 Emberiza buchanani Gray-necked Bunting Emberizidae LC 

130 Emberiza lathami Crested Bunting Emberizidae LC 

131 Emberiza melanocephala Black-headed Bunting Emberizidae LC 

132 Emberiza stewarti White-capped Bunting Emberizidae LC 

133 Emberiza striolata Striolated Bunting Emberizidae LC 

134 Eremopterix griseus Ashy-crowned Sparrow-Lark Alaudidae LC 

135 Eremopterix nigriceps Black-crowned Sparrow-Lark Alaudidae LC 

136 Eudynamys scolopaceus Asian Koel Cuculidae LC 

137 Eumyias thalassinus Verditer Flycatcher Muscicapidae LC 

138 Euodice malabarica Indian Silverbill Estrildidae LC 

139 Falco chicquera Red-necked Falcon Falconidae NT 

140 Falco columbarius Merlin Falconidae LC 

141 Falco jugger Laggar Falcon Falconidae NT 

142 Falco naumanni Lesser Kestrel Falconidae LC 

143 Falco peregrinus Peregrine Falcon Falconidae LC 

144 Falco subbuteo Eurasian Hobby Falconidae LC 

145 Falco tinnunculus Eurasian Kestrel Falconidae LC 

146 Ficedula albicilla Taiga Flycatcher Muscicapidae LC 

147 Ficedula parva Red-breasted Flycatcher Muscicapidae LC 

148 Francolinus francolinus Black Francolin Phasianidae LC 

https://en.wikipedia.org/wiki/Sylviidae


SN Scientific name Common name Family IUCN status 

149 Fulica atra Eurasian Coot Rallidae LC 

150 Galerida cristata Crested Lark Alaudidae LC 

151 Gallinago gallinago Common Snipe Scolopacidae LC 

152 Gallinula chloropus Eurasian Moorhen Rallidae LC 

153 Galloperdix lunulata Painted Spurfowl Phasianidae LC 

154 Gelochelidon nilotica Gull-billed Tern Laridae LC 

155 Glareola lactea Small Pratincole Glareolidae LC 

156 Glareola maldivarum Oriental Pratincole Glareolidae LC 

157 Gracupica contra Indian Pied Starling Sturnidae LC 

158 Grus grus Common Crane Gruidae LC 

159 Gymnoris xanthocollis Yellow-throated Sparrow Passeridae LC 

160 Gyps bengalensis White-rumped Vulture Accipitridae CR 

161 Gyps fulvus Eurasian Griffon Accipitridae LC 

162 Gyps himalayensis Himalayan Griffon Accipitridae NT 

163 Gyps indicus Indian Vulture Accipitridae CR 

164 Halcyon smyrnensis White-throated Kingfisher Alcedinidae LC 

165 Haliaeetus leucoryphus Pallas's Fish-Eagle Accipitridae EN 

166 Haliastur indus Brahminy Kite Accipitridae LC 

167 Hieraaetus pennatus Booted Eagle Accipitridae LC 

168 Hierococcyx varius Common Hawk-Cuckoo Cuculidae LC 

169 Himantopus himantopus Black-winged Stilt Recurvirostridae LC 

170 Hirundo rustica Barn Swallow Hirundinidae LC 

171 Hirundo smithii Wire-tailed Swallow Hirundinidae LC 

172 Hydrophasianus chirurgus Pheasant-tailed Jacana Jacanidae LC 

173 Hypocolius ampelinus Hypocolius Hypocoliidae LC 

174 Ichthyaetus ichthyaetus Pallas's Gull Laridae NA 

175 Iduna caligata Booted Warbler Acrocephalidae LC 

176 Iduna rama Sykes's Warbler Acrocephalidae LC 

177 Ixobrychus cinnamomeus Cinnamon Bittern Ardeidae LC 

178 Ixobrychus flavicollis Black Bittern Ardeidae LC 

179 Ixobrychus minutus Little Bittern Ardeidae LC 

180 Ixobrychus sinensis Yellow Bittern Ardeidae LC 

181 Jynx torquilla Eurasian Wryneck Picidae LC 

182 Lalage melanoptera Black-headed Cuckooshrike Campephagidae LC 

183 Lanius collurio Red-backed Shrike Laniidae LC 

184 Lanius excubitor Great Gray Shrike Laniidae LC 

185 Lanius isabellinus Isabelline Shrike Laniidae LC 

186 Lanius phoenicuroides Red-tailed Shrike Laniidae LC 
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187 Lanius schach Long-tailed Shrike Laniidae LC 

188 Lanius vittatus Bay-backed Shrike Laniidae LC 

189 Leiopicus mahrattensis Yellow-crowned Woodpecker Picidae LC 

190 Limosa limosa Black-tailed Godwit Scolopacidae NT 

191 Lonchura malacca Tricolored Munia Estrildidae LC 

192 Lonchura punctulata Scaly-breasted Munia Estrildidae LC 

193 Luscinia svecica Bluethroat Muscicapidae LC 

194 Mareca penelope Eurasian Wigeon Anatidae LC 

195 Mareca strepera Gadwall Anatidae LC 

196 Marmaronetta angustirostris Marbled Teal Anatidae VU 

197 Melanocorypha bimaculata Bimaculated Lark Alaudidae LC 

198 Merops orientalis Asian Green Bee-eater Meropidae LC 

199 Merops persicus Blue-cheeked Bee-eater Meropidae LC 

200 Merops philippinus Blue-tailed Bee-eater Meropidae LC 

201 Metopidius indicus Bronze-winged Jacana Jacanidae LC 

202 Microcarbo niger Little Cormorant Phalacrocoracidae LC 

203 Milvus migrans Black Kite Accipitridae LC 

204 Mirafra erythroptera Indian Bushlark Alaudidae LC 

205 Mirafra javanica Horsfield's Bushlark Alaudidae LC 

206 Monticola saxatilis Rufous-tailed Rock-Thrush Muscicapidae LC 

207 Monticola solitarius Blue Rock-Thrush Muscicapidae LC 

208 Motacilla alba White Wagtail Motacillidae LC 

209 Motacilla cinerea Gray Wagtail Motacillidae LC 

210 Motacilla citreola Citrine Wagtail Motacillidae LC 

211 Motacilla flava Western Yellow Wagtail Motacillidae LC 

212 Motacilla maderaspatensis White-browed Wagtail Motacillidae LC 

213 Muscicapa striata Spotted Flycatcher Muscicapidae LC 

214 Mycteria leucocephala Painted Stork Ciconiidae NT 

215 Neophron percnopterus Egyptian Vulture Accipitridae EN 

216 Netta rufina Red-crested Pochard Anatidae LC 

217 Nettapus coromandelianus Cotton Pygmy-Goose Anatidae LC 

218 Nisaetus cirrhatus Changeable Hawk-Eagle Accipitridae LC 

219 Numenius arquata Eurasian Curlew Scolopacidae NT 

220 Nycticorax nycticorax Black-crowned Night-Heron Ardeidae LC 

221 Oenanthe chrysopygia Persian Wheatear Muscicapidae LC 

222 Oenanthe deserti Desert Wheatear Muscicapidae LC 

223 Oenanthe finschii Finsch's Wheatear Muscicapidae LC 

224 Oenanthe fusca Brown Rock Chat Muscicapidae LC 
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225 Oenanthe isabellina Isabelline Wheatear Muscicapidae LC 

226 Oenanthe picata Variable Wheatear Muscicapidae LC 

227 Oenanthe pleschanka Pied Wheatear Muscicapidae LC 

228 Oriolus kundoo Indian Golden Oriole Oriolidae LC 

229 Orthotomus sutorius Common Tailorbird Cisticolidae LC 

230 Ortygornis pondicerianus Gray Francolin Phasianidae LC 

231 Otus bakkamoena Indian Scops-Owl Strigidae LC 

232 Otus brucei Pallid Scops-Owl Strigidae LC 

233 Pandion haliaetus Osprey Pandionidae LC 

234 Passer domesticus House Sparrow Passeridae LC 

235 Passer hispaniolensis Spanish Sparrow Passeridae LC 

236 Passer pyrrhonotus Sind Sparrow Passeridae LC 

237 Pastor roseus Rosy Starling Sturnidae LC 

238 Pavo cristatus Indian Peafowl Phasianidae LC 

239 Pelargopsis capensis Stork-billed Kingfisher Alcedinidae LC 

240 Pelecanus crispus Dalmatian Pelican Pelecanidae NT 

241 Pelecanus onocrotalus Great White Pelican Pelecanidae LC 

242 Perdicula argoondah Rock Bush-Quail Phasianidae LC 

243 Perdicula asiatica Jungle Bush-Quail Phasianidae LC 

244 Pericrocotus cinnamomeus Small Minivet Campephagidae LC 

245 Pernis ptilorhynchus Oriental Honey-buzzard Accipitridae LC 

246 Petrochelidon fluvicola Streak-throated Swallow Hirundinidae LC 

247 Phalacrocorax carbo Great Cormorant Phalacrocoracidae LC 

248 Phalacrocorax fuscicollis Indian Cormorant Phalacrocoracidae LC 

249 Phalaropus lobatus Red-necked Phalarope Scolopacidae LC 

250 Phoenicopterus roseus Greater Flamingo Phoenicopteridae LC 

251 Phoenicurus ochruros Black Redstart Muscicapidae LC 

252 Phylloscopus collybita Common Chiffchaff Phylloscopidae LC 

253 Phylloscopus griseolus Sulphur-bellied Warbler Phylloscopidae LC 

254 Phylloscopus humei Hume's Warbler Phylloscopidae LC 

255 Phylloscopus neglectus Plain Leaf Warbler Phylloscopidae LC 

256 Phylloscopus nitidus Green Warbler Phylloscopidae LC 

257 Phylloscopus trochiloides Greenish Warbler Phylloscopidae LC 

258 Pitta brachyura Indian Pitta Pittidae LC 

259 Platalea leucorodia Eurasian Spoonbill Threskiornithidae LC 

260 Plegadis falcinellus Glossy Ibis Threskiornithidae LC 

261 Ploceus philippinus Baya Weaver Ploceidae LC 

262 Pluvialis fulva Pacific Golden-Plover Charadriidae LC 
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263 Podiceps cristatus Great Crested Grebe Podicipedidae LC 

264 Porphyrio poliocephalus Gray-headed Swamphen Rallidae NA 

265 Prinia buchanani Rufous-fronted Prinia Cisticolidae LC 

266 Prinia hodgsonii Gray-breasted Prinia Cisticolidae LC 

267 Prinia inornata Plain Prinia Cisticolidae LC 

268 Prinia lepida Delicate Prinia Cisticolidae NA 

269 Prinia socialis Ashy Prinia Cisticolidae LC 

270 Prinia sylvatica Jungle Prinia Cisticolidae LC 

271 Pseudibis papillosa Red-naped Ibis Threskiornithidae LC 

272 Psilopogon haemacephalus Coppersmith Barbet Megalaimidae LC 

273 Psittacula cyanocephala Plum-headed Parakeet Psittacidae LC 

274 Psittacula eupatria Alexandrine Parakeet Psittacidae NT 

275 Psittacula krameri Rose-ringed Parakeet Psittacidae LC 

276 Pterocles exustus Chestnut-bellied Sandgrouse Pteroclidae LC 

277 Pterocles indicus Painted Sandgrouse Pteroclidae LC 

278 Pterocles orientalis Black-bellied Sandgrouse Pteroclidae LC 

279 Pterocles senegallus Spotted Sandgrouse Pteroclidae LC 

280 Ptyonoprogne concolor Dusky Crag-Martin Hirundinidae LC 

281 Pycnonotus cafer Red-vented Bulbul Pycnonotidae LC 

282 Pycnonotus jocosus Red-whiskered Bulbul Pycnonotidae LC 

283 Pycnonotus leucotis White-eared Bulbul Pycnonotidae LC 

284 Rallus aquaticus Water Rail Rallidae LC 

285 Recurvirostra avosetta Pied Avocet Recurvirostridae LC 

286 Rhipidura aureola White-browed Fantail Rhipiduridae LC 

287 Rhodospiza obsoleta Desert Finch Muscicapidae LC 

288 Riparia chinensis Gray-throated Martin Hirundinidae LC 

289 Riparia diluta Pale Sand Martin Hirundinidae LC 

290 Riparia riparia Bank Swallow Hirundinidae LC 

291 Rostratula benghalensis Greater Painted-Snipe Rostratulidae LC 

292 Salpornis spilonota Indian Spotted Creeper Sittidae LC 

293 Sarcogyps calvus Red-headed Vulture Accipitridae CR 

294 Sarkidiornis melanotos Knob-billed Duck Anatidae LC 

295 Saxicola caprata Pied Bushchat Muscicapidae LC 

296 Saxicola macrorhynchus White-browed Bushchat Muscicapidae VU 

297 Saxicola maurus Siberian Stonechat Muscicapidae NA 

298 Spatula clypeata Northern Shoveler Anatidae LC 

299 Spatula querquedula Garganey Anatidae LC 

300 Spilopelia chinensis Spotted Dove Columbidae LC 
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301 Spilopelia senegalensis Laughing Dove Columbidae LC 

302 Spilornis cheela Crested Serpent-Eagle Accipitridae LC 

303 Sterna aurantia River Tern Laridae NT 

304 Streptopelia decaocto Eurasian Collared-Dove Columbidae LC 

305 Streptopelia orientalis Oriental Turtle-Dove Columbidae LC 

306 Streptopelia tranquebarica Red Collared-Dove Columbidae LC 

307 Sturnia pagodarum Brahminy Starling Sturnidae LC 

308 Sturnus vulgaris European Starling Sturnidae LC 

309 Taccocua leschenaultii Sirkeer Malkoha Cuculidae LC 

310 Tachybaptus ruficollis Little Grebe Podicipedidae LC 

311 Tadorna ferruginea Ruddy Shelduck Anatidae LC 

312 Tadorna tadorna Common Shelduck Anatidae LC 

313 Tephrodornis pondicerianus Common Woodshrike Vangidae LC 

314 Terpsiphone paradisi Indian Paradise-Flycatcher Monarchidae LC 

315 Threskiornis melanocephalus Black-headed Ibis Threskiornithidae NT 

316 Treron phoenicopterus Yellow-footed Green-Pigeon Columbidae LC 

317 Tringa erythropus Spotted Redshank Scolopacidae LC 

318 Tringa glareola Wood Sandpiper Scolopacidae LC 

319 Tringa nebularia Common Greenshank Scolopacidae LC 

320 Tringa ochropus Green Sandpiper Scolopacidae LC 

321 Tringa stagnatilis Marsh Sandpiper Scolopacidae LC 

322 Tringa totanus Common Redshank Scolopacidae LC 

323 Turdus atrogularis Black-throated Thrush Turdidae LC 

324 Turnix suscitator Barred Buttonquail Turnicidae LC 

325 Turnix tanki Yellow-legged Buttonquail Turnicidae LC 

326 Tyto alba Barn Owl Tytonidae LC 

327 Upupa epops Eurasian Hoopoe Upupidae LC 

328 Vanellus gregarius Sociable Lapwing Charadriidae CR 

329 Vanellus indicus Red-wattled Lapwing Charadriidae LC 

330 Vanellus leucurus White-tailed Lapwing Charadriidae LC 

331 Vanellus malabaricus Yellow-wattled Lapwing Charadriidae LC 

332 Vanellus vanellus Northern Lapwing Charadriidae NT 

333 Yungipicus nanus Brown-capped Pygmy Woodpecker Picidae NA 

334 Zapornia pusilla Baillon's Crake Rallidae LC 

 

 



Annexure 4: Recommendations given by Hon’ble Chief Wildlife Warden, Rajasthan
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