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FOREWORD
FOREWORD
The Terai Arc Landscape (TAL), stretches over ~800 km across India and Nepal.
It is located between the Bagmati River in the east and the Yamuna River in west.
The TAL in particular has been listed among the globally important 200 ecoregions for its unique habitats and rich biodiversity. Based on a global tiger
recovery plan emanating from the St Petersburg Declaration of 2010, WWF
selected 18 globally recognised sites with the potential to recover tiger
populations. Of these, eight are in India and one in Bihar, namely Valmiki Tiger
Reserve in Terai Arc Landscape. The Valmiki tiger Reserve covers an area of
901.13 Sqm. It is strategically located in eastern part of Terai Arc Landscape in
India and forms a very important part of a large tiger habitat together with
Chitwan and Prasa National Parks of Nepal and Sohagibarwa Wildlife Sanctuary
in Uttar Pradesh. Owing to its geographical location and connectivity with the
Chitwan National Park, Valmiki has significant potential for tiger and rhino
conservation.
The report titled “Status of tigers and prey in Valmiki Tiger Reserve” provides an
overview of tiger monitoring studies undertaken in Valmiki Tiger Reserve (TX2
site) using intensive camera trapping and line transect and tiger & prey
population estimates. The study also highlights critical conservation issues,
threats, challenges and opportunities for the recovery of tiger populations. Over
the years, several breeding tigers have been recorded within Valmiki Tiger
Reserve, attesting the positive impacts of management interventions and
potential to support a resident population of tigers. Besides tigers, the study also
highlights the presence of 32 mammalian species, including the Dhole, Hyena,
Rusty Spotted Cat and Rhinoceros.
I extend my appreciation to Bihar Forest Department and Terai Arc Landscape
team of WWF India for highlighting the conservation success and raising the
profile of Valmiki Tiger Reserve globally through active management
interventions. I would like to offer my sincere thanks to senior officials of Bihar
Forest Department and Valmiki Tiger Reserve and field staff for their support
and commitment towards conservation of wildlife.

Mr Ravi Singh, SG and CEO, WWF-India
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Glimpse of riparian habitat in Valmiki Tiger Reserve

INTRODUCTION
The tiger, which once ranged widely across Central and
South-West Asia, is now restricted to less than 6% of its
historic range (Walston et al., 2010). Despite being a
flagship conservation species, wild tigers continue to be
threatened by poaching, habitat loss and depletion of prey
populations and have been listed as ‘Endangered’ for over
30 years by the International Union for Conservation of
Nature (IUCN) (Dinerstein et al., 2007). In order to protect
and foster the recovery of remnant populations scattered
across the tiger range, conservationists have identified 20
landscapes with the greatest potential for conservation and
long-term persistence of wild populations. In 2010, global
leaders committed to doubling global tiger numbers by
2022 at the Global Tiger Summer, St. Petersburg. With over
70% of the global tiger population, India is considered key
for the success of Global Tiger Recovery Plan (Goodrich et
al., 2015).
The Terai Arc landscape (TAL), identified as a priority
tiger conservation landscape, extends along the base of
the Himalayas from south-central Nepal to north-western
India. It has remnants of the highly productive, tall
grasslands and wetlands, and deciduous forests. While the

forests of India and Nepal were largely contiguous, land
use change over two millennia, and intensive forestry and
logging operations and agricultural intensification since the
colonial period have transformed the region from a forested
frontier to a productive agricultural landscape, with
fragmented forest patches. Recent deforestation in the terai
of Nepal have similarly transformed and fragmented the
landscape. Most wildlife habitats in the Indian and Nepal
Terai are now only connected with one-another via a few
corridors which face many anthropogenic pressures. The
Terai Arc Landscape spans an area of 30,000km2 in India.
Recent estimates indicate that 20,800km2 of potential tiger
habitat in the Indian TAL supports 646 (567-726) tigers
(Jhala et al., 2019), which is 17% of the global population.
Valmiki Tiger Reserve (hereafter VTR), the only tiger
reserve in Bihar, is located along the Indo-Nepal border
and shares an extensive boundary with Chitwan National
Park and Parsa National Park in Nepal. Collectively called
the Chitwan-Parsa-Valmiki complex, these areas form
3669km2 of tiger habitat. VTR is also tenuously connected
with Sohagibarwa WLS in Uttar Pradesh. VTR represents
one of the last few tracts of unique Terai-Bhabar vegetation,

Figure 1: Map of study area (Valmiki Tiger Reserve)
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spanning both the lowlands and lower Himalayan ranges,
encompassing diverse flora and fauna, many of which
are at their northern-most distributional limits in India
(Johnsingh et al., 2004). Intensive monitoring of tigers was
initiated in VTR in 2012. The first assessment estimated
28 adult tigers in VTR (Maurya et al., 2014), and provided
important information to draft a tiger recovery plan. This
work also provided insights about tiger movement along
the transboundary Terai Arc Landscape with empirical
evidence of tiger movement between protected areas
in India and Nepal (Chanchani et al., 2014). Previous
monitoring exercises also identified several site-specific
management and conservation gaps and recommended
appropriate measures to address them through the
Government’s Tiger Conservation Plan of Valmiki Tiger
Reserve 2013-14 to 2022-23. Managers in VTR have paid
close attention to these and other recommendations and
taken significant steps in the last five years to strengthen
protection and create other important conditions for tiger
and prey recovery. Since 2012, WWF-India has partnered
with the VTR authorities in implementing conservation
interventions within the local communities as well as to
monitor tigers and prey populations following National
Tiger Conservation Authority (NTCA) protocols for phase
III (NTCA, 2012) and phase IV (NTCA, 2012) monitoring.

The objectives of Phase IV
monitoring, detailed in this report,
were:
1.

To determine the status and density of tigers;

2.

To determine approximate home ranges and activity
pattern of tigers;

3.

To estimate density of wild ungulates that are principal
prey species for tigers
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STUDY AREA
Valmiki Tiger Reserve (VTR) is situated in West Champaran
district of Bihar at its northernmost and is the only tiger
reserve in the state. The 901.70 sq.km protected area shares
its boundaries with the state of Uttar Pradesh to the west,
while the northern boundary is an international border
with Nepal. The area lies between latitudes of 27° 10’ N and
27° 30’ N, and 83° 50’ E and 84° 10’E. For administrative
purposes, VTR is divided into two divisions. Division 1 has
three ranges, viz. Manguraha, Gobardhana, and Raghia;
while Division 2 has five, viz. Madanpur, Valmiki Nagar,
Gonauli, Harnatand and Chiutaha (Fig. 1).

TOPOGRAPHY
Rock hills and doon valleys forming distinct topological
features of Valmiki Tiger Reserve, drained by numerous
rivers and streams, gradually merge into flat alluvial plains
in the South. Larger rivers such as Ganguli, Manor, Manas
and Pandai are the most important water sources for
wildlife in VTR. These rivers also provide newer alluvium
with annual flooding. Older alluvium consisting of sandy
soil, laterite soil, variegated clay and loose boulders covers
most of the bhabar areas between western and central parts
of the landscape. The easternmost part of the forest consists
of rugged terrain and steep slopes. The overall altitude
ranges between 140m above msl to 874m above msl at
Someshwar hill in Gobardhana range.

CLIMATE
VTR has three distinct seasons. Summers extend from
mid-March until June. The hot westerly winds in early May
leads to a maximum temperature of 45°C. The monsoon

Capacity building in Valmiki Tiger Reserve

season commences from June and continues till September,
and the area receives ~1106 mm rainfall annually (Singh,
2013). Winter sets in from November accompanied by fog
and light showers in the month of January, bringing the
minimum temperature down to 5°C.

FLORA AND FAUNA
Following the classification by Champion and Seth (1968),
vegetation of VTR can be classified into seven forest types.
These types are: 1) Bhabar dun sal forest (3C/c2/b(i); 2)
dry Siwalik sal forests (5B/c1/a); 3) West Gangetic moist
deciduous forests (3C/c3/a); 4) Khair-Sissoo forest (1S/2),
(5) cane brakes (1b/e1), (6) eastern wet alluvial grassland
(4d/2s2) and (7) Barringtonia swamp forest (4 d/ss2).
VTR also supports a diverse assemblage of threatened and
endangered flora and fauna. Past surveys have recorded the
presence of felids, canids, ursidae, viverridae such as leopard
(Panthera pardus), fishing cat (Prionailurus viverrinus),
jungle cat (Felis chaus), leopard cat (Prionailurus
bengalensis), Indian fox (Vulpes bengalensis), dhole
(Cuon alpinus) sloth bear (Melursus ursinus), and large
Indian civet (Viverra zibetha). Wild herbivores of the
reserve include spotted deer (Axis axis), sambar (Rusa
unicolor), hog deer (Axis porcinus), nilgai (Boselephous
tragocamelus), wild pig (Sus scrofa), and gaur (Bos gaurus).
Himalayan fauna such as Clouded Leopard (Neofelis
nebulosa) and Himalayan Serow (Capricornis sumatraensis
thar) has also been recorded during previous camera
trap surveys. Due to extensive human habitation around
the protected area, livestock are also abundant within
the reserve. The area also hosts more than 241 species of
birds including Sarus crane (Grus antigone), Gyps Spp.,
Kalij pheasant (Lophura leucomelanos), lesser adjutant
stork (Leptoptilos javanicus) and numerous other raptors,
partridges, quails, pitta and flycatchers.

Capacity Building of Field Team
Camera trapping: In order to ensure correct
deployment of cameras with appropriate settings,
WWF staff provided training to VTR frontline staff
at range level. Advanced training (including for
troubleshooting) was also given to select staff
and VTR biologists. Front-line staff were trained
in all the standard aspects and best practices of
camera trapping and field deployment of cameras.
Staff were also trained on correct placement of
cameras to maximise capture of key wildlife such
as carnivores and their prey. Staff was also trained
on correctly filling the deployment sheet and
instructed to conduct regular checks on camera
traps.
Line Transects: The frontline staff in each Range
were trained on marking and cutting line transects
along compass bearings. WWF staff along with field
biologists from VTR trained the frontline staff on
using the compasses that were distributed by WWF
India, and explained the role of GPS in marking and
cutting straight line paths in the forest. Similarly,
staff was provided training on collection of data via
distance sampling using compasses, rangefinders,
GPSs and binoculars. Generalized data forms for
data collection were made as per updated NTCA
guidelines. The science behind data collection
and equipment was simplified and explained to
the frontline staff. Each data collection form was
thoroughly explained in theory and doubts were
cleared post the training session. Hands-on field
training in collection of distance sampling data was
also provided.
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METHODS
CAMERA TRAP SURVEYS:
We overlaid 1 km2 sized grids in 2019-20 and 2 km2
sized grids in 2020-21 on the map of VTR following
recommended guidelines (NTCA 2016). The study area
was divided into two sampling blocks for logistical and
sampling expediency. Camera trap (CT) locations were
consistent with those selected in previous years, informed
by MSTrIPES-based patrolling information and local
knowledge of the frontline staff about tiger presence and

movement. Each camera station consisted of two units
(models Cuddyback C1, Cuddyback Attack or Cuddyback
Colorpro). Cameras were placed in pairs, about 15 feet
apart, and opposite to one another. (Fig 2a & 2b). Camera
trap delay (inter-picture) was set at 5 seconds. Cameras
were operated on a 24-hour basis and all cameras regularly
checked in the field for proper functioning. In each of the
two survey years, camera traps were placed at an average of
443 locations spread across VTR (Table1).

Table1: Summary of Phase IV monitoring exercises in Valmiki Tiger Reserve, Bihar

PHASE IV
MONITORING YEAR

NO. OF BLOCK

SAMPLING PERIOD

NO. OF CAMERA
STATIONS

TRAP NIGHTS
(SURVEY EFFORT)

2019-20

02

November 2019 to
February 2020

446

18,566

2020-21

02

December 2020 To
February 2021

440

13,087

Figure 2a: Phase IV 2019-20 Camera Trap layout.
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Figure 2b: Phase IV 2020-21 Camera Trap Layout

Plate 1: Staff deploying camera trap in Valmiki Tiger Reserve (Pic by Kamlesh K. Maurya/WWF India)
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LINE TRANSECT SURVEY FOR PREY
ABUNDANCE ESTIMATION
Line transects of ~2 km were placed systematically across
the study area using a reference grid of 2 x2 kms (Fig. 3a,
3b & 3c). Total 299 transects were marked between 2014
and 2020 (Table 2). These line transects were then cut
through the forest understory as straight as possible along

a predefined bearing however, some lines were curvilinear
in hilly habitats. All the transects were sampled in the
morning hours (0630 to 1030 hrs) by 3-4 trained forest
staff with average three surveys per-line. Data on animal
bearing and angular distance were collected for principal
prey species of tigers, viz., chital, sambar, gaur, barking
deer, nilgai and wild pig (Karanth et al., 2004). Survey
effort and area-coverage by line transects was not even
across years because of various logistical constraints.

Table 2: Year-wise line transect effort

SL

YEAR

TRANSECT
LINES

TOTAL
EFFORT

AVG. LINE LENGTH (SD)

REPLICATES
PER LINE

BEATS
SURVEYED

1

2014

116

1237.5 kms

2.7 (0.92) km

4

33

2

2018

107

403.58 kms

1.87 (0.59) km

2

32

3

2020

81

486 kms

2 km

3

34

Figure 3a: Line transect layout, 2014-2015
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Figure 3b: Line transect layout, 2018-2019

Figure 3c: Line transect layout, 2019-2020
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DATA ANALYSIS
Minimum number of Tigers:
Tigers were identified based on unique stripe patterns.
Left and Right flank tiger images from camera traps were
assessed by multiple observers. Tigers were sorted into
age classes of adults (>2 years old), juvenile/sub-adults
(>1-year-old) and cubs (<1-year-old). Only adult tigers were
used for calculating the minimum tiger numbers, density
and abundance estimation. Tiger profiles from year 2012-13
and 2017-18 were used to identify recurring tigers. A tiger
identification profile for year 2019-2020 & 2020-21 was
made from this data (Appendix 1 & II).

Density estimation using Spatially
Explicit Capture Mark Recapture
model (SECR):
Images from camera traps were sorted for tigers and
entered into a matrix with information on capture locations
(camera trap stations) and occasions (numbered daywise, from the day of deployment of the first camera
trap). Only adult tiger images were used for density
and abundance estimation, given that sub-adults and
juveniles have lower survival probabilities. We excluded
captures of individual tigers exceeding the closure period
of 65 days from the analysis. However, we included these
individual tigers while reporting minimum number of tiger
captures. Digikam software was used to create metadata
tags for species and tiger-individual identification as
well as camera-trap identification. These tagged images
were processed in software R, using package ‘camtrapR’
(RStudio Team, 2020; Niedballa J et al., 2016). Tiger
density and abundance estimated using package “secr”
in software R (RStudio Team, 2020; Efford M, 2020).
We estimated demographic parameters by using spatial
locations of tiger encounters to model the movement of
individual tigers around their home-range centers. We
provided a 15-km buffer of habitat areas marked with each
habitat mesh point 1 km apart to ensure adequate coverage
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of home-range centers of all captured individuals. Density
was estimated over the entire area following Borchers and
Efford, 2008. We estimated tiger abundance (number
of individuals) within the administrative boundaries of
Valmiki Tiger Reserve. Model selection was carried out
using AIC (Akaike’s Information Criterion) and AIC weights
(Burnham and Anderson, 2002).

Tiger home ranges and species
activity patterns:
Tiger home ranges were mapped in ArcGIS using the
function ‘Minimum Bounding Geometry’ to create
minimum convex polygons (MCP) (ESRI, ArcMap v.10.7).
MCPs were created for tigers captured at a minimum of
three separate locations, thus the number of MCPs is not
representative of the number of individual tigers. Species
activity patterns and activity density histograms were
generated through package ‘camtrapR’ (RStudio Team,
2020; Niedballa et al., 2016).

Distance sampling
Line transect data were analyzed using the program
DISTANCE to obtain density estimates of prey species (v.
7.3; Thomas et al., 2010). Due to low detection of prey, data
from multiple years (2014, 2018 & 2020) were pooled to
estimate the prey density. Exploratory analysis was carried
out before fitting detection models to truncate outliers.
We truncated the data to eliminate observations beyond
100m. Observations of all the species were pooled for fitting
possible alternative models (Half-normal key function with
maximum of 5 cosine adjustment terms), with best fitting
models judged by AIC and goodness-of-fit test as well as
visually judging the fit of the model to observed distance
data close to transect line. The best fitting model (key
function with appropriate adjustment term) was then used
to estimate year-wise cluster sizes, effective strip width
(ESW) and densities for individual prey species. Chi square
goodness-of-fit test was used to assess the fit of the model,
and the best model from the subset of models was selected
using lowest AIC value.

RESULTS
ESTIMATES OF TIGER ABUNDANCE AND
DENSITY
A total of 33 mammalian species were identified during
the camera trap surveys. Tiger presence was recorded at
248 locations (56%) in 2019-20 and 264 locations (60%)
in 2020-21. (Fig. 4a & 4b). Phase IV 2019-20 survey
resulted in a total of 3008 photo-captures of tigers from
which 41 unique adult (>2 years old) individuals were
identified across the study site, of which 19 were males and
22 females. Similarly, Phase IV 2020-21 survey resulted
in a total 1438 photo captures of tigers from which 48
unique adult individuals were identified in VTR, of which
24 were adult males, 22 adult females while the sex of
two individuals could not be identified from the camera
trap images. We report these figures as minimum number
of adult tigers number for each survey in Valmiki Tiger
Reserve. The surveys also captured a total of 4 sub-adult
(~1-2 years) and 8 cubs (< 1 year approx.) individuals in
2019-20 and 6 sub-adult and 8 cubs in 2020-21. We found
maximum tiger captures from central and eastern parts of
VTR. The central part of VTR which was previously known

to contain few tigers (Maurya & Borah 2014), has shown
an increase in tiger photo-capture rates during the survey.
While the western part comprising of Madanpur range had
the lowest number of tiger encounters.
Tiger density was estimated as 2.66 tigers/100 sq. km
(SE 0.42) in 2019-20, and as 2.71/100Sqkm (SE 0.4) in
2020-2021 (Table 3). We estimated g0 and σ for male
tigers in 2019-20 as 0.01 (SE<0.01) and 5.4 km (SE 0.29),
respectively. While, the estimated g0 and σ for female tigers
in 2019-20 was 0.016 (SE 0.002) and 3.51 km (SE 0.19),
respectively (Table 3). Similarly, we estimated g0 and σ for
male tigers in 2020-21 as 0.017 (SE<0.01) and 5.42 km (SE
0.24), respectively. While, the estimated g0 and σ for female
tigers in 2020-21 was 0.013 (SE 0.002) and 4.52 km (SE
0.07), respectively (Table 3).
Tiger abundance within the administrative boundaries of
VTR was estimated as 41.186 (95% CI 41.01-43.69) in 201920 and 47.06 (95%CI 47.003-48.739) in 2020-21 (Table
4). Point density maps were created using ArcMap from
spatially explicit density estimates (Fig. 5a & 5b).

Figure 4a: Photo-Capture locations of tigers in Valmiki Tiger Reserve, 2019-2020.
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Figure 4b: Photo-Capture locations of tigers in Valmiki Tiger Reserve, 2020-2021.

Table 3: Estimates from spatially explicit capture-recapture analysis. Dˆ is Density of tigers (number of tigers/100 sq. km), g0 stands
for baseline encounter probability and σ stands for the movement of tigers around their home-range centres.

Year
2019-20
2020-21

Mt+1
Female

F = 22

Male

M = 19

Female

F = 22

Male

M = 23

ˆ (SE)
D

ˆ (95% CI)
D

2.66 (0.42)

1.95 - 3.63

2.71 (0.4)

2.03 - 3.62

g0 (SE)

g0.LCL-g0.UCL

σ (σ.SE)

σ.LCL-σ.
UCL

0.016 (0.002)

0.013 - 0.021

3.51 (0.19)

3.16 - 3.89

0.01 (0.001)

0.008 - 0.012

5.4 (0.29)

4.87 - 5.99

0.013 (0.001)

0.012 – 0.001

4.52 (0.07)

4.38 - 4.66

0.017 (0.002)

0.013 - 0

5.42 (0.24)

4.98 - 5.91

Table 4: Estimates from spatially explicit capture-recapture analysis. “N” stands for estimated number of individuals in Valmiki Tiger
Reserve. “n” represents number of adult (>2 years old) individuals photo-captured and identified from stripe patterns.

YEAR

PARAMETERS

ESTIMATES

2019-20

R. N

41.18603

N. SE

0.4332838

N. LCL

41.01284

N. UCL

43.69473

n

41

R. N

47.066

N. SE

0.258

N. LCL

47.003

N. UCL

48.739

n

47

2020-21
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Figure 5a: Spatially explicit estimates of tiger Density in Valmiki Tiger Reserve, 2019-2020.

Figure 5b: Spatially explicit estimates of tiger Density in Valmiki Tiger Reserve, 2020-2021.
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RANGING AND ACTIVITY PATTERNS:
Analysis of tiger ranges through minimum convex polygon
(MCP) showed high overlap between adult tigers (Fig. 6).
This overlap was also seen between large adult males which
were captured at same locations multiple times. Most of
the overlap was found in the eastern part of VTR which
also had the highest number of tiger encounters. Based on
the area under MCP, the average home range of the tigers
(N=34) was estimated to be 40.18 ±8.36SE Km2. The

average home range of Male tigers (N=15, 65.62 ±16.49SE)
was larger than the average home range of female tigers
(N=19, 20.10 ±3.34SE).
Most of the tiger captures occurred between 17:00hrs to
07:00hrs while the least number of tiger captures occured
between 08:00hrs to 16:00hrs (Fig.7a & 7b). Tiger activity
was found to be at peak at around 19:00hrs, similarly, there
was a drop in tiger activity between 09:00hrs to 16:00hrs
(Fig.8a & 8b).

Figure 6: Minimum convex polygons depicting approximate home ranges of tigers photo-captured in 2019-20 (M represent “Male” and F represent
“Female”).

Activity of Panthera tigris
Number of records: 622

FREQUENCY

FREQUENCY

Activity of Panthera tigris
Number of records: 550

TIME OF THE DAY [H]
Figure7a: Activity Histogram of tigers in Valmiki Tiger Reserve 2019-2020
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TIME OF THE DAY [H]
Figure 7b: Activity Histogram of tigers in Valmiki Tiger Reserve 2020-2021

Activity of Panthera tigris
Number of records: 622

DENSITY

DENSITY

Activity of Panthera tigris
Number of records: 550

TIME

TIME

Figure 8a: Activity density plots of tigers in Valmiki Tiger Reserve,
2019-2020

Figure 8b: Activity density plots of tigers in Valmiki Tiger Reserve,
2020-2021

PREY ABUNDANCE IN VALMIKI TIGER
RESERVE
The line transects walked between 2014, 2018 and 2020
cumulatively amounted to a sampling effort of 2087.64km.
Effective strip width (ESW) for principal prey was
estimated at 37.28±1.77SE m, using the global detection
probability. Combined prey density (principal prey species)
for the pooled data was estimated at 5.09 individuals/
km2 (95%CI: 4.43-5.86). Year-wise density and average
cluster size estimates for individual prey species have been

provided in Table 5. Similarly, global detection probability
graphs, probability of chi-square Goodness-to-Fit and total
number of observations for overall and individual prey are
listed in Fig. 9. We could not determine average cluster
sizes for gaur, barking deer and nilgai in 2018 due to lack of
observations. Chital (8.44 individuals/km2) had the highest
density among the prey species followed by wild pig (4.19
individuals/km2). Most of the gaur population is restricted
in 5 ranges (Valmiki Nagar, Gonauli, Chiutaha, Harnatand
and Raghia) in the tiger reserve with pooled density of 1.46
individuals/km2.

Plate 2:: Gaur in Gonauli Range of Valmiki Tiger Reserve (Pic by Soham Pattekar/WWF-India)
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Sambar (Rusa unicolor)
Chi-square GOF p: 0.55
Total observations: 237
ESW: 34.55
Detection Probability

Detection Probability

Chital (Axis axis)
Chi-square GOF p: 0.77
Total observations: 281
ESW: 31.77

Perpendicular distance in meters

Perpendicular distance in meters

(a) Detection of Chital w.r.t observation distance

(b) Detection of Sambar w.r.t observation distance

Barking deer (Muntiacus muntjak)
Chi-square GOF p: 0.98
Total observations: 298
ESW: 34.27
Detection Probability

Detection Probability

Gaur (Bos gaurus)
Chi-square GOF p: 0.95
Total observations: 39
ESW: 40.57

Perpendicular distance in meters

Perpendicular distance in meters

(c) Detection of Gaur w.r.t observation distance

(d) Detection of Barking deer w.r.t observation distance

Nilgai (Boselaphus tragocamelius)
Chi-square GOF p: 0.97
Total observations: 154
ESW: 38.70
Detection Probability

Detection Probability

Wild pig (Sus scrofa)
Chi-square GOF p: 0.95
Total observations: 189
ESW: 32.53

Perpendicular distance in meters

Perpendicular distance in meters

(e) Detection of Wild pig w.r.t observation distance

(f) Detection of Nilgai w.r.t observation distance

Detection Probability

Principle wild prey
Chi-square GOF p: 0.49
Total observations: 1184
ESW: 37.28

Perpendicular distance in meters
(g) Detection of Principle prey w.r.t observation distance

Figure 9: Global detection probability for principal prey species for 2014-2020, ESW: Effective strip width
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Table 5: Prey density (per km2) and average cluster size in VTR from 2014, 2018 and 2020.

SPECIES

YEAR

AVERAGE CLUSTER
SIZE (95% LCI-UCI)

DENSITY (95% LCIUCI)

POOLED DENSITY
(95% LCI-UCI)

Chital (Axis axis)

2014

4.97 (4.44-5.56)

6.22 (5.02-7.70)

8.44 (6.07-11.73)

2018

7.91 (5.9-10.62)

3.00 (1.55-5.82)

2020

8.2 (6.5-10.36)

16.09 (10.03-25.82)

2014

1.87 (1.68-2.07)

2.31 (1.92-2.78)

2018

1.2 (1-1.9)

2.14 (0.08-0.52)

2020

1.42 (1.27-1.58)

3.21 (2.24-4.60)

2014

3.88 (3.02-4.98)

1.19 (0.62-2.30)

2018

-

0.20 (0.04-1.01)

2020

8.45 (5.01-14.24)

3.00 (1.14-7.85)

2014

1.25 (1.16-1.35)

3.20 (2.53-4.06)

2018

-

0.50 (0.30-0.82)

2020

1.18 (1.07-1.3)

2.08 (1.51-2.88)

2014

4.22 (3.71-4.79)

5.17 (3.86-6.93)

2018

2.75 (1.17-6.44)

0.51 (0.16-1.61)

2020

3.87 (3.07-4.87)

6.91 (4.73-10.08)

2014

3.96 (3.55-4.41)

5.12 (3.62-7.25)

2018

-

0.12 (0.024-0.66)

2020

4.33 (2.94-6.37)

3.41 (1.94-6.00)

2014

3.81 (3.54-4.09)

4.88 (4.31-5.53)

2018

3.6 (2.57-5.04)

1.64 (1.01-2.66)

2020

3.97 (3.39-4.65)

8.77 (7.35-10.45)

Sambar (Rusa
unicolor)
Gaur (Bos gaurus)

Barking Deer
(Muntiacus muntjak)
Wild Pig (Sus scrofa)

Nilgai (Boselaphus
tragocamelius)
Principal Prey*

1.91 (1.52-2.40)

1.46 (0.7-3.00) Gaur

1.93 (1.59-2.33)

4.19 (3.22-5.47)

2.88 (2.10-3.96)

5.09 (4.43-5.86)

*Principal Prey comprises of combined records of Chital, Sambar, Gaur, Barking deer, Wild pig and Nilgai.

Figure 10: density of ungulate prey in Valmiki Tiger Reserve (2014, 2018 & 2020).
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DISCUSSION
A substantial growth in tiger numbers has been recorded
in VTR from 2012 to present (Jhala et al., 2011; Maurya &
Borah, 2014; Jhala, Qureshi and Gopal, 2015; Jhala, Y. V,
Qureshi, Q. & Nayak, A. K. (eds). 2019). Similar to wildlife
recovery in other PAs like the Royal Manas National
Park, Bhutan (Wangmo et al., 2021), this growth may
partially be attributed effective habitat management and
intensive smart patrolling carried out in the VTR using the
MSTrIPES LEM tool and strong law enforcement. VTR
protection and management have been enhanced through
construction of ~55 Anti-Poaching Camps in strategic
locations between 2014 and 2020. The average monthly
patrol efforts in 2019-20 was 1068.15±262.17SE trips with
7170.30±1735.18SE kms patrolled (MSTrIPES reports).
Such intensive patrolling seems to have reduce disturbance
and poaching opportunities in many ranges of VTR.
With the presence of multiple breeding females, VTR
has emerged as a potential source population in the
landscape. Habitat contiguity with Chitwan NP and Parsa
NP, VTR ensures unobstructed gene flow between the
tiger populations of the two neighbouring countries. Tiger
density in Chitwan has remained stable in recent years
(3.84 per 100 km2 in 2013, 3.28 per 100 km2 in 2018;
Dhakal et al., 2014; Karki et al., 2015; DNPWC & DFSC
2018). Given habitat contiguity, tiger and other species
use habitats both in VTR and Chitwan National Park
(Chanchani et al., 2014; Maurya pers comm.). Valmiki’s
contiguity with a large source population in Nepal (the
Chitwan – Parsa complex) may have played a role in tiger
recovery through the dispersal.
VTR forms an important part of a larger Valmiki-ChitwanParsa landscape, which is one of the most significant
tiger habitat blocks within the TAL. Our point density
maps suggest higher tiger density closer to the boundary
of VTR than the central parts of the forest, similar to the
findings in Dudhwa and Pilibhit Tiger reserves (Chanchani
et al., 2014). VTR is surrounded by human population at
the southern boundary. Movement of tigers around the
southern boundary may result in conflict.
In the previous surveys, central and southern parts of
VTR were associated with low tiger densities (Maurya,
K. and Borah, J. 2014). However, our study documents
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presence tigers in these parts of VTR after habitat
management interventions. Chiutaha and lower Harnatand
ranges in particular, which had great anthropogenic
disturbances and invasive weed species in the past, have
now recorded substantial number of tigers utilizing these
forests. Unfortunately, the same could not be said about
the western spur of VTR, the Madanpur range, which
harboured a considerable number of tigers in connectivity
to Sohagibarwa WLS. Our surveys indicate low tiger use of
this area with only two individuals being photo-captured,
none of which were exclusive to the range. Madanpur is one
of the important ranges in VTR as it also provides a suitable
habitat to the Rhinoceros. However, it is also put under
immense anthropogenic stress due to linear infrastructure
as well as grazing in forests. We recommend intensive
patrolling and active habitat management in this range to
support the recovery of tiger populations in these areas,
and further solidify Valmiki’s status as an important source
population within the Terai Arc Landscape.
The survival of tigers is dependent on conservation of its
principle prey species (Carbone and Gittleman, 2002;
Hayward et al., 2012). Thus, it is important for a tiger
landscape to have healthy prey density to sustain tigers.
The prey densities for 2014, 2018 and 2020 presented in
this report indicate that populations of some ungulates
may have increased over this survey period. However, these
estimates are possibly confounded with some changes
in survey effort and extent over the study period, and
possibly also because of variations in observer experience
and rigor of survey methods across the study period.
Observations from the field, camera trap data and transects
still suggest that prey populations are stable or growing.
Since 2012, the VTR authority and WWF-India have
been carrying out effective habitat management through
removal of invasive species such as Phoenix spp., Mikenia
spp., and Eupatorium spp., and through active grassland
management. This is done by supplementing and creating
grasslands rich with palatable grass species to supplement
herbivore populations in the reserve. On an average
~1000 hectares per year of habitat is managed by VTR.
We recommend rigorous assessment of prey species in the
future to ascertain the role of such management practices in
the observed growth of wild prey in VTR.

KEY RECOMMENDATIONS
1.

Training the forest staff, particularly on evidence-based
case formation for wildlife crime, a protocol of sample
collection, and case due diligence.

livestock depredation by modifying current grazing
practices or adopting alternative mechanisms such as
livestock insurance.

2.

Training of regular foot patrolling with a focus on
identification of the site of the crime, identification,
and destruction of snares and traps, wildlife signs
monitoring, and covert patrols.

7.

Management of feral dogs in and around Valmiki Tiger
Reserve.

8.

Ensure timely allocation of resources and fund for key
actions like habitat management activities.

3.

Establishing patrolling and anti-poaching camps in
strategic locations especially on northern boundary.

9.

4.

Ensure continuous management of habitats associated
with breeding tiger populations and high prey densities
so that they remain productive and are not degraded.

Promote improved governance of local institutions
and ensure that the most marginalized and vulnerable
people and women are empowered to take part in
decision-making, benefit from alternative livelihoods,
and share forest benefits.

5.

Rigorous assessment of prey species through monthly
monitoring of permanently marked line transects.

6.

Exploring site-specific human-wildlife conflict
mitigation measures pertaining to crop depredation
and injury or loss of human life, as well as addressing

10. Engaging with line departments and mainstreaming
government-sponsored schemes in Villages located in
and around Valmiki Tiger Reserve.
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LIST OF IDENTIFIED SPECIES
CAPTURED DURING CAMERA
TRAPPING
1.

Bengal Tiger (Panthera tigris)

18. Wild Pig (Sus scrofa)

2.

Dhole or Asiatic wild dog (Cuon alpinus)

19. Spotted Deer (Axis axis)

3.

Indian Leopard (Panthera pardus)

20. Sambar Deer (Rusa unicolor)

4.

Sloth Bear (Melursus ursinus)

21. Hog Deer (Axis porcinus)

5.

Striped Hyena (Hyaena hyaena)

22. Barking Deer (Muntiacus muntjacs)

6.

Indian Jackal (Canis aureus)

23. Nilgai (Boselaphus tragocamelus)

7.

Indian Fox (Vulpes bengalensis)

24. Himalayan Serow (Capricornis thar)

8.

Indian Pangolin (Manis crassicaudata)

25. Indian Gaur (Bos gaurus)

9.

Chinese Pangolin (Manis pentadactyla)

26. Indian Hare (Lepus nigricollis)

10. Yellow-throated Marten (Martes flavigula)

27. Rusty Spotted Cat (Prionailurus rubiginosus)

11. Grey Mongoose (Herpestes edwardsii)

28. Fishing Cat (Prionailurus viverrinus)

12. Crab-eating Mongoose (Herpestes urva)

29. Jungle Cat (Felis chaus)

13. Palm Civet (Paradoxurus hermaphroditus)

30. Leopard Cat (Prionailurus bengalensis)

14. Small Indian Civet (Viverriacula indica)

31. Indian Porcupine (Hystrix indica)

15. Large Indian Civet (Viverra zibetha)

32. Asian Elephant (Elephas maximus)

16. Rhesus Macaque (Macaca mulatta)

33. Indian One-horned Rhinoceros (Rhinoceros unicornis)

17. Indian Grey Langoor (Semnopithecus entellus)
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ANNEXTURE I
Profiles of tigers captured in Valmiki Tiger Reserve in Phase IV 2019-20

VTR_T2_F (Right)

VTR_T2_F (Left)

VTR_T3_F: (Right)

VTR_T3_F: (Left)

VTR_T6_F: (Right)

VTR_T6_F: (Left)
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VTR_T13_M (Right)

VTR_T13_M (Left)

VTR_T15_F (Right)

VTR_T15_F (Left)

VTR_T16_M (Right)

VTR_T16_M (Left)

VTR_T17_F (Right)

VTR_T17_F (Left)
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VTR_T18_M (Right)

VTR_T18_M (Left)

VTR_T20_M (Right)

VTR_T20_M (Left)

VTR_T24_F (Right)

VTR_T24_F (Left)

VTR_T25_F (Right)

VTR_T25_F (Left)
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VTR_T27_F (Right)

VTR_T27_F (Left)

VTR_T28_F (Right)

VTR_T28_F (Left)

VTR_T29_F (Right)

VTR_T29_F (Left)

VTR_T30_F (Right)

VTR_T30_F (Left)
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VTR_T31_F (Right)

VTR_T31_F (Left)

VTR_T32_F (Right)

VTR_T32_F (Left)

VTR_T33_F (Right)

VTR_T33_F (Left)

VTR_T34_F (Right)

VTR_T34_F (Left)
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VTR_T35_M (Right)

VTR_T35_M (Left)

VTR_T38_M (Right)

VTR_T38_M (Left)

VTR_T47_M (Right)

VTR_T47_M (Left)

VTR_T48_M (Right)

VTR_T48_M (Left)
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VTR_T49_M (Right)

VTR_T49_M (Left)

VTR_T50_F (Right)

VTR_T50_F (Left)

VTR_T51_F (Right)

VTR_T51_F (Left)

VTR_T52_F (Right)

VTR_T52_F (Left)
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VTR_T53_M (Right)

VTR_T53_M (Left)

VTR_T54_M (Right)

VTR_T54_M (Left)

VTR_T55_F (Right)

VTR_T55_F (Left)

VTR_T56_M (Right)

VTR_T56_M (Left)
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VTR_T57_F (Right)

VTR_T57_F (Left)

VTR_T58_M (Right)

VTR_T58_M (Left)

VTR_T59_M (cub 1 of T28) (Right)

VTR_T59_M (cub 1 of T28) (Left)

VTR_T60_F (CUB 2 OF T28) (Right)

VTR_T60_F (CUB 2 OF T28) (Left)
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VTR_T61_F (Right)

VTR_T61_F (Left)

VTR_T62_F (Right)

VTR_T62_F (Left)

VTR_T63_M (CUB 1 OF T6) (Right)

VTR_T63_M (CUB 1 OF T6) (Left)

VTR_T64_M (CUB 2 OF T6) (Right)

VTR_T64_M (CUB 2 OF T6) (Left)
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VTR_T65_M (Right)

VTR_T65_M (Left)

VTR_T66_M (Right)

VTR_T66_M (Left)

VTR_T67_M (Right)

VTR_T67_M (Left)

(Right)

VTR_T68_F (Left)

42 | STATUS OF TIGERS AND PREY IN VALMIKI TIGER RESERVE

VTR_T69_M (Right)

VTR_T69_M (Right)

VTR_T70_M (Right)

VTR_T70_M (Right)

VTR_T71 (CUB1) (Right)

VTR_T71 (CUB1) (Right)

VTR_T72(CUB2) (Right)

VTR_T73 (CUB3) (Right)
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VTR_T74, VTR_T75, VTR_T76 (CUB 1,2,3 OF T31)

VTR_T77, VTR_T78 (CUB1 AND 2 OF T33)

Tiger Photo captured in Phase IV Monitoring 2019-2020
Adult Male: 19
Adult Female: 22
Sub Adults: 4
Cubs: 8
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VTR_T77, VTR_T78 (CUB1 AND 2 OF T33)

ANNEXTURE II
Profiles of tigers captured in Valmiki Tiger Reserve in Phase IV 2020-21

VTR_T2_F (Right)

VTR_T2_F (Left)

VTR_T6_F (Right)

VTR_T6_F (Left)

VTR_T13_M (Right)

VTR_T13_M (Left)
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VTR_T15_F (Right)

VTR_T15_F (Left)

VTR_T17_F (Right)

VTR_T17_F (Left)

VTR_T18_M (Right)

VTR_T18_M (Left)

VTR_T24_F (Right)

VTR_T24_F (Left)
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VTR_T25_F (Right)

VTR_T25_F (Left)

VTR_T27_F (Right)

VTR_T27_F (Left)

VTR_T28_F (Right)

VTR_T28_F (Left)

VTR_T29_F (Right)

VTR_T29_F (Left)
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VTR_T30_F (Right)

VTR_T30_F (Left)

VTR_T31_F (Right)

VTR_T31_F (Left)

VTR_T32_F (Right)

VTR_T32_F (Left)

VTR_T33_F (Right)

VTR_T33_F (Left)
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VTR_T34_F (Right)

VTR_T34_F (Left)

VTR_T35_M (Right)

VTR_T35_M (Left)

VTR_T38_M (Right)

VTR_T38_M (Left)

VTR_T47_M (Right)

VTR_T47_M (Left)
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VTR_T48_M (Right)

VTR_T48_M (Left)

VTR_T49_M (Right)

VTR_T49_M (Left)

VTR_T50_F (Right)

VTR_T50_F (Left)

VTR_T51_F (Right)

VTR_T51_F (Left)
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VTR_T52_F (Right)

VTR_T52_F (Left)

VTR_T53_M (Right)

VTR_T53_M (Left)

VTR_T54_M (Right)

(Left)

VTR_T55_F (Right)

VTR_T55_F (Left)
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VTR_T56_M (Right)

VTR_T56_M (Left)

VTR_T57_F (Right)

VTR_T57_F (Left)

VTR_T58_M (Right)

VTR_T58_M (Left)

VTR_T64_M (Right)

VTR_T64_M (Left)
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VTR_T66_M (Right)

VTR_T66_M (Left)

VTR_T67_M (Right)

VTR_T67_M (Left)

VTR_T69_M (Right)

VTR_T69_M (Left)

VTR_T70_M (Right)

VTR_T70_M (Left)
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VTR_T79_M (Right)

VTR_T79_M (Left)

VTR_T80_M (Right)

VTR_T80_M (Left)

VTR_T81_M (Right)

VTR_T81_M (Left)

VTR_T82_M (Right)

VTR_T82_M (Left)
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VTR_T83_M (Right)

VTR_T83_M (Left)

VTR_T84_F (Right)

VTR_T84_F (Left)

VTR_T85_M (Right)

VTR_T85_M (Left)

VTR_T86_U (Right)

VTR_T86_U (Left)
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VTR_T87_U (Right)

VTR_T87_U (Left)

VTR_T88_F (Right)

VTR_T88_F (Left)

VTR_T89_U (Right)

(Left)

(Right)

VTR_T90_U (Left)
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VTR_T91_F (Right)

VTR_T91_F (Left)

VTR_T92_F (Right)

VTR_T92_F (Left)

VTR_T93_M (Right)

VTR_T93_M (Left)

VTR_T94_M (Right)

VTR_T94_M (Left)
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VTR_T95_M (Right)

VTR_T95_M (Left)

VTR_T96_M (Right)

VTR_T96_M (Left)

VTR_T97_M (Right)

(Left)

VTR_T98 (CUB1 of T27) (Right)

VTR_T98 (CUB1 of T27) (Left)
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VTR_T99 (CUB2 of T27) (Right)

VTR_T99 (CUB2 of T27) (Left)

VTR_T100 (CUB1 of T2) (Right)

VTR_T100 (CUB1 of T2) (Left)

VTR_T101 (CUB2 of T2) (Right)

VTR_T101 (CUB2 of T2) (Left)

VTR_T102 (CUB3 of T2) (Right)

VTR_T102 (CUB3 of T2) (Left)
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VTR_T103 (CUB1 of VTR_T52) (Right)

Tiger Photo captured in Phase IV Monitoring 2020-21
Adult Male: 24
Adult Female: 22
Adult (sex undetermined): 02
Sub adults: 06
Cubs: 8
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VTR_T104 & VTR_105 (CUB1 & 2 of T34)
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