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Tigers (Panthera tigris) have disappeared from over 90% of their historical
range, and extant populations face habitat loss, direct poaching, and prey
depletion in otherwise suitable habitats. In Thailand, tiger numbers continue to
decline due to prey depletion, yet a few strongholds remain. Recently, tigers
have been detected in the Southern Western Forest Complex (SWEFCOM),
following intensification of conservation efforts. However, there is still a lack
of primary data on the status of tigers and their prey in the SWEFCOM. To fill
this knowledge gap, we conducted camera trapping surveys between 2019 and
2020 in Khuean Srinagarindra National Park (KSR) and Salakphra Wildlife
Sanctuary (SLP). Located near a tiger source population in Thungyai Naresuan
and Huai Kha Khaeng, these areas are potential areas for tiger recovery. In
particular, our study assessed the status of prey, a prerequisite to the persistence
and recovery of tigers. Based on relative abundance indices, time overlap and
occupancy models, we analysed the effect of anthropogenic and ecological
factors on the spatial and temporal habitat use of the main prey species. We
highlight that anthropogenic factor impacted species-specific habitat
relationships. Mainly, shifts in ungulate temporal and spatial habitat use was
linked to human activities. These relationships, however, differed between the
two protected areas. As tiger recovery depends on prey recovery, we suggest
that increased conservation law enforcement and greater engagement with
villages within and adjacent to protected areas are essential to minimising
unsustainable resource use practices that currently affect prey.

1. INTRODUCTION

Thailand’s  Western  Forest ~ Complex
(WEFCOM) is the largest remaining tract of forest in
mainland Southeast Asia and is currently home to the
largest known population of Indochinese tigers
(Panthera tigris corbetti) (DNP, 2010a; WEFCOM,
2004). The WEFCOM lies at the heart of the Dawna
Tenasserimm mountain range that straddles the border
with Myanmar and includes the Kaeng Krachan Forest
Complex to the south. The Thung Yai-Huai Kha
Khaeng (TY-HKK) World Heritage Site, established
in 1991, covering an area of approximately 6,000 km?,
constitutes the core of the WEFCOM (WEFCOM,

2004; UNESCO, 2020). In 2005 the government of
Thailand established an intensive patrolling system to
protect and recover its most significant source of wild
tigers in Huai Kha Khaeng Wildlife Sanctuary.
Duangchantrasiri etal. (2016) conducted photographic
capture-recapture from 2006 to 2012 to estimate tiger
abundances annually and reported an increase in
abundance from 35 to 58 tigers, with high individual
survival (ranging from 79.60% to 95.50%), and
substantial recruitment of 25 individuals. In large part,
this increase is attributed to better management and
protection of ungulate species, the tiger’s main prey
within the protected area, and the intensification of
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patrols and wildlife protection efforts. Consequently,
the increase in tiger density during this period appears
to have created the need for tigers to disperse to other
forested areas adjacent to the wildlife sanctuaries
(Phumanee et al., 2021a). In light of some reports from
Khuean Srinagarindra National Park (KSR) and
Salakphra Wildlife Sanctuary (SLP) south of TY-
HKK, it is critical to assess the potential for these sites
to support tiger recovery (Panthera, 2018).

Tigers are large carnivores and prey primarily
on ungulates within the weight range of 10 to 250 kg
(Hayward et al.,, 2007). However, over 50% of
ungulate species that tigers prey upon are threatened,
and over 80% of these species have declining
population trends on account of habitat loss and
degradation, being hunted for human consumption,
and coming into conflict with agriculturalists due to
damages to crops (Wolf and Ripple, 2016; Wolf and
Ripple, 2017). Hence, understanding the status of prey
at sites constitutes a crucial first step in evaluating the
site’s potential to support tiger recovery and suggest
appropriate interventions to meet recovery objectives.
In the TY-HKK World Heritage Site (WHS), a broad
assemblage of ungulates are present, ranging from
muntjac (18 kg) to gaur/banteng (600-1,200 kg). And,
studies report the tigers' diet is primarily composed of
large prey (with 89.80% biomass consumed being
banteng, sambar, gaur, and domestic water buffalo). In
contrast, small prey species (<100 kg) in the tiger’s
diet was 10.20% (Simcharoen et al., 2018). However,
studies highlight that prey occupancy outside the
WHS is low, especially for large ungulates
(Duangchatrasiri et al., 2019). Therefore, it is critical
to understand the status of prey outside of the WHS to
evaluate the sites recovery potential (Harihar et al.,
2018). With Phumanee et al. (2020) and Phumanee et
al. (2021b) highlighting that the status of prey to the
north of the WHS is poor, we aim to assess the status
of prey to the south in the protected areas of KSR and
SLP to inform tiger population recovery efforts. For
the most part, both KSR and SLP are surrounded by
settlements, with a few relatively large communities
also existing within the boundaries of the protected
areas. Furthermore, data from the DNP (2019)
confirmed the occurrence of offenses directly
affecting the population of wildlife in the study area
(19 cases in KSR and two cases in SLP), which
indicates that species may be threatened at these sites
from anthropogenic influences. Furthermore, Lahkar
et al. (2020) report that chronic anthropogenic
disturbances such as unsustainable natural resource
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harvesting have a detrimental effect on ungulate
populations, with a consequence on carnivore
populations as well, and Amorntiyangkul etal. (2022)
report that human activity near villages in protected
areas has a negative effect on wildlife populations.
Therefore, understanding the nature of human-
wildlife relationships is essential when considering
conservation measures and natural resource
management policies. Currently, no scientific studies
having been conducted to examine the spatial and
temporal influence of humans on the prey species of
tigers in the SWEFCOM. Therefore, understanding the
impacts of human disturbances and interactions with
carnivores and their prey is vital to formulate
appropriate conservation action in the region (Widodo
et al., 2022).

Since SLP may be a potential recovery site for
breeding populations and KSR may provide critical
connectivity between TY-HKK and SLP, this study
aims to understand the determinants of prey species
occurrence and behavior in relation to ecological and
anthropogenic factors. As part of our assessment of the
status of prey in these two protected areas, we
estimated the relative abundance indices, time activity
and occupancy of the tigers’ main prey and the
influence of anthropogenic and ecological factors on
their spatial and temporal distribution.

2. METHODOLOGY
2.1 Study area

This study was carried out in two protected
areas, Khuean Srinagarindra National Park (KSR) and
Salakphra Wildlife Sanctuary (SLP), located in the
West of Thailand (Figure 1). The rainy season runs
from May to October, with an average rainfall of
1,628.8 mm/year. The highest temperature is around
44-45°C in April. The minimum temperature is about
8-9°C in December. With an average temperature of
approximately 27°C.

KSR, established in the early 1980s, is bisected
by a large reservoir, covering an area of 1,532 km?
(15.80% of the NP); 76.22% of the national park is
forested, consisting of 56.06% mixed deciduous
forest, 7.30% bamboo forest, 6.43% dry-dipterocarp
forest, 5.64% dry-evergreen forest, 0.78% evergreen
forest, and 1.41% grassland and natural forest
restoration (WEFCOM, 2004). The remaining 7.98%
comprises agricultural lands and communities. There
are 42 villages within the National Park boundaries
with 1,716 households and approximately 8,415
people, most farmers (WEFCOM, 2004). The
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reservoir construction caused a large-scale relocation
of local communities from the flooded plain to higher
areas. The displacement and subsequent expansion of
communities in the higher regions, as well as related
agricultural and subsistence activities such as farming,
livestock grazing and hunting, has caused a decrease
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in the occurrence of wildlife species in the area and
potentially constricting connectivity (Knight and Cole,
1995; Suttidate et al., 2021). Important perennial
watersheds flow into KSR Reservoir, including large
basins such as the Mae Klong River and Huai Kha
Khaeng Stream.
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Figure 1. Protected areas in the Western Forest Complex (WEFCOM) in West Central Thailand

SLP, Thailand’s first wildlife sanctuary,
established in 1965, forms the southernmost tip of the
Western Forest Complex, and covers an area of
approximately 858.55 km?, consisting of 60% mixed
deciduous forest, 30% dry-dipterocarp forest, and 10%
dry-evergreen forest (WEFCOM, 2004). Seven
villages with 833 households and 3,483 individuals are
located inside the sanctuary. Within the 3-km buffer
from the boundary, there are 17 villages with 937
households and 3,937 individuals (WEFCOM, 2004).
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Critical perennial watersheds flow through SLP,
including Huai Sadong, Huai Lam Esu, Huai Mae
Lamoon, and Huai Mae Plasoi. SLP supports, gaur,
sambar, muntjac, and wild pig. Additionally, banteng
was locally extinct in SLP, and a reintroduction
program was carried out between 2015 and 2016 to
repopulate the park (Chaiyarat et al., 2020). While
tigers inhabited SLP historically, no photographic
evidence was recorded until 2014. However, a camera
trap study, using similar methods to those used in the
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World Heritage Site and carried out by the Zoological
Society of London (ZSL) in collaboration with the
DNP and Panthera, confirmed the presence of one
female tiger. Cross-referencing with the Khao Nang
Ram research stations tiger database revealed that this
individual had dispersed from HKK, travelling over
130 km. This dispersal likely occurred through
Khuean Srinagarindra National Park (KSR). In 2015,
ZSL and Panthera collaborated with the DNP to
survey the Northeastern part of KSR and identified
three tigers, one of which, a young male, had also
dispersed from HKK. The other two tigers, both
females, had not been identified previously in HKK
and were, therefore, new records for Thailand. In 2019
and 2022, surveys were replicated in KSR and SLP,
respectively. Based on previous research studying the
dietary preferences of tigers in HKK (Simcharoen et
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al., 2018), wild ungulates represent the main prey for
tigers, with five species comprising the majority of
wild tigers’ diet in Thailand, banteng (Bos javanicus),
gaur (Bos gaurus), sambar (Rusa unicolor), northern
red muntjac (Muntiacus vaginalis), and the wild pig
(Sus scrofa). Hence in this study, we assess the status
of these species from camera trapping surveys.

2.2 Camera trap survey

We conducted systematic camera trap gridded
surveys in SWEFCOM covering an area of 572 km? in
north KSR and 557 km? in SLP, respectively, placing
camera traps to optimize detections of tigers and their
prey. The surveys were carried out in KSR from
January to May 2019 with 76 camera trap stations and
in SLP from November 2019 to February 2020 with
69 stations (Figure 2).
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Figure 2. Camera trap stations in Khuean Srinagarindra National Park (KSR) from January to May 2019 and Salakphra Wildlife Sanctuary
from November 2019 to February 2020, the map also shows the 9 km? grid cells (gray-filled squares) that were surveyed.

While the two surveys were not undertaken
simultaneously, they were carried out in the same year
in the dry season and, therefore subject to similar
seasonal conditions and diurnal patterns. Although the
effective trapping period was approximately 90 days
for each survey, the remoteness and steepness of the
terrain in KSR required longer deployment and
collection periods when compared to SLP.
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Camera trap stations consisted of a pair of
motion-triggered PantheraCam V-series camera
traps positioned opposite each other and fixed
approximately 40-50 cm above the ground. Cameras
were set to have a minimum of 15 seconds between
trigger events and were continuously active during the
survey period. To maximize the probability of
detecting our target species, camera-trap stations were
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placed in a grid 3x3 km along dirt roads, streams,
animal trails and routes commonly used by tiger and
their prey. Camera traps were mounted on trees
located 3-5 m from the trail, clearing vegetation that
might obstruct the camera’s field of view. We did not
use any baits to attract wildlife. Camera traps were not
moved during the individual surveys.

After collecting the images from camera traps,
we categorized the photos using Panthera’s “Camera
trap File Manager” software (Olliff et al., 2014). First,
we identified the animal species in each image,
referring to Francis (2019). If a species could not be
identified, the image was categorized as “unidentified
species”. Next, all images of the same species captured
within 30 min were grouped into independent events,
following the principle described by O’Brien et al.
(2003). Finally, a photo with multiple individuals of
the same species in the frame were counted as single
detection for that species.

2.3 Data analysis

2.3.1 Photographic capture rate index (PCRI)

For each station, we calculated the photographic
capture rate index (PCRI) using independent event
captures of individuals of the same species taken at
more than 30 minutes time intervals (O’Brien et al.,
2003). We then divided the number of independent
event captures obtained at each trap by the number of
camera trap nights and expressed the estimate per 100
trap nights (Carbone et al., 2001). Finally, PCRI
values of each camera trap were calculated and
mapped using the open-source software QGIS. To
create the map and assess the difference in PCRI of
prey species between KSR and SLP, we summarized
species-specific PCRI of each area. We finally

visualised the magnitude of the capture rate with
higher rates of capture shown as larger dots.

2.3.2 Temporal activity

We used the ‘overlap’ package (Ridout and
Linkie, 2009) in the program R to fit kernel density
functions to times of observations of human and five
prey species and to estimate the coefficient of
overlapping, a quantitative measure the continuous
ranging from O (no overlap) to 1 (identical activity
patterns). The coefficient is defined as the area under
the curve. Confident intervals for coefficients of
overlap were calculated by 1,000 bootstraps.

2.3.3 Influence of ecological and anthropogenic
factors on species occupancy
Ecological and anthropogenic covariate
We examined the effects of ecological and
anthropogenic covariates to explain the probability of
occupancy in each grid. Across the two PAs we
included (a) distance to closest village, (b) average
distance to closest road, (c) distance to closest stream,
(d) distance to park boundary, (e) distance to reservoir,
(f) human PCRI, (g) elevation, (h) NDV, and (i)
distance to closest patrol path, all factors shown in
Table 1. AIll distances, except for roads were
calculated from the centroid of each grid. We suppose
that all species might occur nearby water (survey in
the dry season) and further from anthropogenic factors
(poaching pressure is higher closer to villages)
(Phumanee et al., 2020). NDVI is a remotely sensed
measure for vegetation productivity, nitrogen content,
and other aspects of high-quality food for herbivores
and is widely used to predict herbivore distribution
and abundance (Pettorelli et al., 2011).

Table 1. Factors hypothesized to influence of detection probability and occupancy of prey species in SWEFCOM, Thailand

Covariate Description Source

a Distance to closest village WEFCOM (2004)

b Average distance to closest road WEFCOM (2004)

c Distance to closest stream WEFCOM (2004)

d Distance to protected area boundary WEFCOM (2004)

e Distance to reservoir WEFCOM (2004)

f Human PCRI Camera trap data

g Elevation Google engine (Gorelick et al., 2017)
h NDVI Google engine (Gorelick et al., 2017)

Distance to closest patrol path

SMART patrol database
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Unmarked occupancy model

Capture data for the main prey species was
formatted into detection/non-detection data format
with 14 occasions, with each occasion representing
one week time. If a species was detected in one or
more days of the week, it was recorded as detected (1),
else it was recorded as not-detected (0) for the
particular occasion. For SLP, data was available from
4/11/2019 to 5/02/2020 (14 weeks) for 69 sites.
Accordingly, data for KSR was truncated to 14 weeks
(15/01/2020 to 22/04/2020) and included 70 sites.
Each site was represented by a grid of 3x3 km?, and
sites from both protected areas were combined in a
single occupancy analysis as data was scarce for PA
specific models. Effort, in terms of the number of days
each camera trap was active during the study period,
was used as a covariate to explain heterogeneity in
detection probability.

Ten models were set up independently for each
site to explain occupancy and detection probabilities
for the different species. The first five models included
(a) null model with no covariates for either occupancy
or detection probability (NULL), (b) a full model with
all covariates used to explain occupancy, (c) a habitat
model including only covariates for habitat
characteristics, i.e., distance to stream and elevation,
(d) an environment model including NDVI, and (e) a
human intervention model including covariates a, b, d,
f, and i. The second set of five models were the same,
with detection probability additionally being modelled
as a function of effort.

Highly  correlated variables  (Pearson’s
correlation coefficient >0.7) were checked for and
removed before further analysis. Variables ‘distance
to reservoir’ and ‘NDVI’ were removed for KSR,
while variables ‘NDVI’ and ‘distance to road’ were
removed for SLP. However, since NDVI was the only
variable used to explain occupancy in ‘environment’
models, it was only removed from the ‘full’ models.
All covariates were centre scaled. All analyses were

conducted in R wusing the package ‘unmarked’
(MacKenzie et al., 2002).

Models were ranked according to their AIC
values and weights. However, all models were
averaged for further inference on occupancy, detection
probability and effect sizes of covariates on them. Site-
wise occupancy and site/occasion-wise detection
probabilities were estimated using the ‘predict’
function in R, which were used to calculate mean
occupancy and detection probability values for each
species at each site.

3. RESULTS AND DISCUSSION
3.1 Survey effort and photo captured rate

3.1.1 Khuean Srinagarindra National Park
(KSR)

Our survey in KSR had 75 camera stations (one
location did not yield data because the cameras were
stolen), totalling 8,751 camera trap nights. No tigers
were detected during this survey. However, Panthera’s
previous survey revealed a tiger to have been
photographed at TY-HKK. This indicates that the
tigers from TY-HKK disperse toward KSR. The main
prey animals detected included gaur, banteng, sambar,
muntjac, and wild pig. According to the event per 100
camera trap nights, wild pig was the most detected
species, with 3.77 events per 100 camera trap nights,
followed by muntjac, gaur, sambar, and banteng with
3.57, 0.38, 0.30, and 0.15 events per 100 trap nights,
respectively (Table 2). The majority of captures were
of small prey species while large prey capture rates
were low, especially banteng. Capture records
indicated that banteng occurred in a small area covered
by seven camera stations close to each other. Sambar
was primarily distributed along the edge of the
reservoir. Guar was found mainly in the upland areas
adjacent to the TY-HKK forest. We found small prey
species (wild pigs and muntjac) distributed throughout
the area.

Table 2. Number of photo capture event per 100 trap nights in KSR and SLP

Species KSR SLP
No. of capture event  No. of event per 100 trap nights  No. of capture event No. of event per 100 trap nights
Gaur 33 0.38 47 1.07
Banteng 13 0.15 3 0.07
Sambar 26 0.30 209 477
Muntjac 312 3.57 356 8.12
Wild Pig 330 3.77 382 8.71
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3.1.2 Salakphra Wildlife Sanctuary (SLP)

We placed 69 camera stations in part of SLP,
totalling 4,384 camera trap nights. Three tigers were
found and, comparing the tiger individual with the
DNP tiger database, we found that two tigers dispersed
from the TY-HKK World Heritage Site, and one tiger
had never been detected previously. However, we
detected gaur, banteng (reintroduced species), sambar,
muntjac, and wild pig amongst ungulate species. The
wild pig was the most detected species with 8.71
events per 100 camera trap nights, followed by
muntjac, sambar, gaur, and banteng were 8.12, 4.77,
1.07, and 0.07 events per 100 camera trap nights,
respectively. Banteng were detected at two locations,
one at the release site of the reintroduction, and
another to the south of the protected area, suggesting
the spread of the population. Sambar was detected in

flat areas located in the middle PA. Muntjac and wild
pig were distributed throughout the site.

Overall, most prey species at SLP had a higher
capture rate than KSR. The number of banteng found
in both areas was low. In addition, based on the camera
trap image data, a calf of banteng was detected. The
two smaller prey (wild pig and muntjac) were common
throughout both areas. Similarly, in another protected
area in WEFCOM, wild pig and muntjac were the
most commonly detected than large prey, observed
>50% of camera locations, sambar <22%, and gaur
<19% (Phumanee et al., 2020). Additionally, strong
habitat protection in some protected areas has resulted
in more gaurs occurring near the borders of the
protected area (Prayoon et al., 2021), explaining the
distribution of gaur in the upper area adjacent to HKK
(Figure 3).
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Figure 3. Photographic capture rate index (PCRI) of prey species in KSR and SLP including: (a) gaur, (b) banteng, (c) sambar, (d) northern

red muntjac, and (e) wild pig

3.2 Temporal activity

In our study areas, the peak of human activity
was recorded at mid-day, as illustrated by the dotted
line in Figure 4. The shaded area in Figure 4 represents
the estimated temporal overlap in activity for humans
and prey species. Camera trap data has revealed the
widespread movement of people throughout the
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protected areas. In KSR, large prey species, gaur,
banteng, and sambar, were more active during the
hours of darkness compared to smaller species such as
muntjac and wild pig, whose peak activity periods
were during the day. In SLP, sambar, muntjac, and
wild pig showed similar temporal activity patterns to
their conspecifics in KSR, while gaur and banteng
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appeared to be active day and night. As a result, the
species with the highest temporal overlap with humans
in both areas is the wild pig, (KSR; 0.763 (0.70-0.82)
and SLP; 0.607 (0.51-0.70)), while sambar was the
species with the lowest temporal overlap in both areas,
(KSR; 0.439 (0.29-0.60) and SLP; 0.194 (0.11-0.28)).

In Khao Yai National Park, Khoewsree et al.
(2020) found that sambar mainly was active during the
night while most human, muntjac, and wild pig
activity was recorded during the daylight hours
resulting in low temporal overlap, similar to the
findings of this study. Furthermore, Johann et al.
(2020) reported that large areas with low levels of
human disturbance were linked with higher daytime
activity of wild pigs than smaller areas with relatively
higher levels of disturbance. Similarly, Ohashi et al.
(2013) also reported human activity in the

Southwestern part of Tochigi, Japan, significantly
affected the activity patterns of wild pigs.
Additionally, in a study of the spatial and temporal
distribution of leopards and their prey in Thailand’s
Western Forest Complex, Saisamorn et al. (2019)
reported that sambar and banteng were nocturnal
while wild pig and muntjac were diurnal.

Our results indicate that gaur activity in KSR
peaks around 00:00, while in SLP, the peak period is
around 18:00. Similarly, Vinitpornsawan and Fuller
(2020) also found similar patterns of activity, with
most detections between 17:00 and 18:00 and 59% of
overall gaur activity in the daytime. Their study
recorded most human activity around noon, with only
a few detections after 18:00 hours, causing overlaps of
activity with nocturnal wildlife species.
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Figure 4. Time overlaps plot of human and tiger’s prey species in (a) KSR and (b) SLP, the estimated overlap is shown by the grey area.
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3.3 Influence of covariates on occupancy model

3.3.1 Gaur

The model averaged estimate of gaur
occupancy across the two protected areas was 29%
(Table 3). The top model included human influence
covariates with distance to closest patrol path and road
having the most significant effect (Table S1 and S2).
Differing from studies in HKK, Jornburom et al.
(2020) reported the best model for gaur is higher
elevation and avoidance of shallow slope areas within
a 1 km buffer of streams. In addition to this, McShea

et al. (2011) reported that gaur in Thailand required
grassland and open areas of moist evergreen, dry
evergreen, semi-evergreen, and mixed deciduous
forests. Paansri et al. (2022) however found that gaur
was detected in both open and closed forests.

In the past, both study areas had a greater
distribution of gaur (Srikosamatara and Suteethorn,
1995). Currently, there is a threat to the population from
hunting. Around and within both areas there are human
settlements and this might be causal to the relationship.

Table 3. Detection probability and occupancy estimates of prey species in KSR and SLP, Thailand, 2019-2020

Species Detection probability Occupancy probability

Mean 2.50% 97.50% Mean 2.50% 97.50%
Gaur 0.11 0.07 0.11 0.29 0.01 0.98
Banteng 0.08 0.03 0.08 0.10 0.07 0.14
Muntjac 0.27 0.10 0.30 0.77 0.74 0.82
Sambar 0.31 0.13 0.33 0.23 0.00 0.94
Wild pig 0.29 0.05 0.32 0.73 0.08 1.00

3.3.2 Banteng

The model averaged estimate of banteng
occupancy was low (10%) across the two PAs (Table
3). Banteng detections in our study were likely too few
to run the model effectively (Table S1 and S2).
Jornburom et al. (2020) simulated a map of predicted
occupancy for banteng in WEFCOM in the absence of
poaching, and estimated ~6,400 km? of ecologically
suitable habitat that could support reintroduction of
banteng in other protected areas and reports banteng
used low elevations and low slopes. Furthermore, Mae
Wong National Park confirms the return of banteng
after an absence of over 40 years, likely dispersed
from HKK (Phoonjampa et al., 2021).

Three replications of camera trap surveys in
KSR since 2016 have confirmed that banteng is
present in only one relatively small area of the protected
area. In SLP, Banteng were distributed throughout the
park, however, there were no reports of sightings for
more than 30 years (personal communication with park
rangers). Therefore, banteng was reintroduced in 2015.
Currently, the reintroduced population of 13 have
increased to 19 and is concentrated near the release
area. With improved protection, this population is
expected to increase.

3.3.3 Sambar
The model averaged estimate of sambar
occupancy across the parks is 23% (Table 3). Habitat
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covariates such as distance to reservoir, elevation and
NDVI had a significant relationship on the occupancy
suggesting that sambar was far the reservoir, at lower
elevation and in more open habitats (Table S1 and S2).
Our results are similar to that reported from HKK,
where occupancy of sambar was negatively correlated
to elevation, with the majority of detections distributed
in lower altitude grasslands (Simcharoen et al., 2014).
Duangchatrasiri et al. (2019) found that livestock was
negatively correlated with tiger and sambar occupancy
in HKK. Furthermore, Paansri et al. (2021) found that
sambar occupancy was directly related to grass
biomass and also avoided human disturbance factors.
From our study, sambar avoid the reservoirs. This
might be because the KSR reservoir area has a traffic
of villagers’ boats, fishing, and livestock. Livestock
grazing in forested areas was expected to negatively
impact ecosystems and wildlife, such as competition
for forage, pollution of water resources. (Chaiyarat
and Srikosamatara, 2009).

3.3.4 Northern red muntjac

The model averaged estimate of occupancy
from the muntjac is 77% across the two PAs (Table 3).
The human influence model was top ranked
suggesting that (although non-significant) human
capture rate negatively influenced muntjac occupancy
(Table S1 and S2). Similar to a study in Mae Wong-
Khlong Lan National Park in northern WEFCOM,


https://ph02.tci-thaijo.org/index.php/ennrj/article/view/247161/167762
https://ph02.tci-thaijo.org/index.php/ennrj/article/view/247161/167762
https://ph02.tci-thaijo.org/index.php/ennrj/article/view/247161/167762
https://ph02.tci-thaijo.org/index.php/ennrj/article/view/247161/167762
https://ph02.tci-thaijo.org/index.php/ennrj/article/view/247161/167762
https://ph02.tci-thaijo.org/index.php/ennrj/article/view/247161/167762
https://ph02.tci-thaijo.org/index.php/ennrj/article/view/247161/167762
https://ph02.tci-thaijo.org/index.php/ennrj/article/view/247161/167762

Suksavate S et al. / Environment and Natural Resources Journal 2022; 20(6): 563-574

none of the variables in the top model set were
statistically significant, (Phumanee et al., 2020).
Likely as muntjac has non-specific habitats and can be
detected in all forest types, agricultural areas, and
abandoned farm (DNP, 2010b). The negative
correlation with photo capture rate of human shows
that muntjac although widely distributed are
susceptible to human influence.

3.3.5 Wild pig

Model averaged occupancy estimate of wild pig
across the two PAs was 73% (Table 3). The top models
included human influence covariates, particularly
noting higher occupancy away from roads and the
reservoir (Table S1 and S2). Consistent with studies of
ungulates in Mae Wong and Khlong Lan, where wild
pig was associated with avoidance of villages
(Phumanee et al., 2020). The wild pig is a resilient
species, distributed throughout the area. It has the
highest reproduction rate among ungulates and
therefore a high resilience to hunting pressure
(Gaillard et al., 1993; Steinmetz et al., 2010) and is a
habitat generalist (Spitz and Janeau, 1995).

While our study provides an assessment of
species occupancy in the SWEFCOM, these estimates
are relatively lower compared to HKK (Duangchatrasiri
et al., 2019). Tiger occupancy is strongly influenced
by prey availability and often choose larger ungulates
as diet (sambar, gaur, and banteng) (Simcharoen et al.,
2018). Given large prey occupnacy was low in KSR
and SLP this may limit the recovery of tigers and
conservation measures should therefore focus on
mitigating the factors that limit the presence of large
tiger prey (Duangchantrasiri et al., 2016).

4. CONCLUSION

This study provides evidence of the impact of
ecological and anthropogenic factors on the spatial
and temporal habitat use patterns of the tigers’ wild
prey across KSR and SLP, and emphasizes the
importance of initiating and maintaining conservation
measures to support prey recovery to ensure the
recovery of tigers. To be more specific, we first
demonstrate that the abundance indices of prey (PCRI)
across the two protected areas indicate that small prey
appear to be more abundant than large prey.
Nevertheless, large prey species, such as sambar and
gaur, registered higher PCRI estimates in SLP than in
KSR, suggesting that the site might be a better habitat
for tigers. Secondly, we demonstrate through the
analysis of time activity patterns that most prey
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avoided periods of high human activity. At both
protected areas, this was most prominent among the
large prey animals, gaur and sambar. While the
smaller prey, which are more abundant, overlap more
widely with human activity. Finally, the results of our
occupancy analysis confirm that small prey (muntjacs
and wild pigs) occupy more area than large prey
(sambars, gaurs, and bantengs), demonstrating the
importance of large prey recovery if tiger recovery is
to be supported across the PAs.

The results of this study and other similar
analysis suggest that most tiger prey species tend to
avoid anthropogenic activity. The detection in the
southern WEFCOM of at least two tigers having
dispersed from the Thungyai Naresuan-Huai Kha
Khaeng World Heritage Site has highlighted the
importance of SWEFCOM for the long-term viability
of tiger populations in Thailand. Our results will also
help protected area managers better understand the
ecological and anthropogenic factors affecting
ungulate, allowing them to make more informed
decisions regarding the management and regulation of
the protected areas.

¢ Management implications
Many studies have shown that the
abundance of tigers often depends on the health and
abundance of large ungulates. Sambar, banteng, and
gaur composed 95.10% of biomass of these kills in
HKK (Pakpien et al., 2017), It can be noticed that
tigers tend to choose large prey (>100 kg). Based on
our surveys within KSR and SLP, populations of large
prey species should be of concern. Strengthening
efforts should be made to protect the remaining small
red bull populations and to preserve the area. Since
communities are settled throughout around KSR and
SLP, human activities impacting wildlife distribution
and abundance should be regulated through a
combination of patrolling and community engagement
aimed at reducing, where possible, spatial and
temporal overlap between human activities and
wildlife. There should be a zoning arrangement for
villagers who come to use forest resources to reduce
disturbances in wildlife habitats, including livestock.
At present, the outbreak of lumpy skin disease affects
both domestic and wild cattle in Thailand (Arjkumpa
etal., 2021). There should be surveillance for diseases
transmitted from domestic animals to wild animals.
Wildlife conservation depends on habitat maintenance
(Reed, 2004). KSR connects to HKK and are suitable
for gaur population. Most suitable gaur habitat was
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connected to large patches (Prayoon et al., 2021).
Therefore, it should be managed to reduce the threat in
order to support population of gaur that spread from
nearby areas. To increase the large ungulate
populations throughout the area, salt lick sources need
attention, because the tiger’s prey is herbivorous,
causing sodium and other nutrient deficiencies.
(Emmons and Stark, 1979). Furthermore, the presence
of salt licks in WEFCOM is associated with gaur and
other ungulate species (Jornburom et al.,, 2020;
Phumanee et al., 2020). Finally, these studies should
provide information that can be used by management
for the establishment of conservation areas to develop
plans to conserve gaur and banteng to support tiger
habitat.

ACKNOWLEDGEMENTS

This study was supported by Officer of Khuean
Srinagarindra National Park and Salakphra Wildlife
Sanctuary, Department of National Park, Wildlife and
Plant Conservation, Panthera Corporation, Zoological
Society of London (ZSL), US Fish and Wildlife
Services-Rhino, and Tiger Conservation Fund and
Khao Nang Rum Wildlife Research Station.

REFERENCES

Amorntiyangkul P, Pattanavibool A, Ochakul W, Chinnawong W,
Klanprasert S, Aungkeaw C, et al. Dynamic occupancy of wild
Asian Elephant: A case study based on the SMART database
from the Western Forest Complex in Thailand. Environment
and Natural Resources Journal 2022;20(3):310-22.

Arjkumpa O, Suwannaboon M, Boonrod M, Punyawan I,
Liangchaisiri S, Laobannue P, et al. The first lumpy skin
disease outbreak in Thailand (2021): Epidemiological features
and spatio-temporal analysis. Frontiers in Veterinary Science
2021;8:Avrticle No. 799065.

Carbone C, Christie S, Conforti K, Coulson T, Franklin N,
Ginsberg JR, et al. The use of photographic rates to estimate
densities of tigers and other cryptic mammals. Animal
Conservation 2001;4(1):75-9.

Chaiyarat R, Srikosamatara S. Populations of domesticated cattle
and buffalo in the Western Forest Complex of Thailand and
their possible impacts on the wildlife community. Journal of
Environmental Management 2009;90(3):1448-53.

Chaiyarat R, Sakchan P, Panprayun G, Thongthip N, Nakbun S.
Monitoring of forage and nutrition before and after
reintroduction of banteng (Bos javanicus d’Alton, 1823) to
Salakphra Wildlife Sanctuary, Thailand. Scientific Reports
2020;10(1):Article No. 11135.

Department of National Parks, Wildlife and Plant Conservation
(DNP). Summary of Forestry Case Reports: Fiscal Year 2019.
Bangkok, Thailand: Ministry of Natural Resources and
Environment; 2019. (in Thai).

Department of National Parks, Wildlife and Plant Conservation
(DNP). Thailand Tiger Action Plan 2010-2022. Bangkok,
Thailand: Ministry of Natural Resources and Environment;
2010a.

573

Department of National Parks, Wildlife and Plant Conservation
(DNP). Status of Large Mammals in Thailand. Bangkok,
Thailand: Ministry of Natural Resources and Environment;
2010b.

Duangchantrasiri S, Umponjan M, Simcharoen S, Pattanavibool
A, Chaiwattana S, Maneerat S, et al. Dynamics of a low-
density tiger population in Southeast Asia in the context of
improved law enforcement. Conservation Biology 2016;
30(3):639-48.

Duangchatrasiri S, Jornburom P, Jinamoy S, Pattanvibool A,
Hines JE, Arnold TW, et al. Impact of prey occupancy and
other ecological and anthropogenic factors on tiger
distribution in Thailand’s Western Forest Complex. Ecology
and Evolution 2019;9(5):2449-58.

Emmons LH, Stark NM. Elemental composition of a natural
mineral lick in Amazonia. Biotropica 1979;11(4):311-3.

Francis C. Field Guide to the Mammals of South-East Asia.
London, UK: Bloomsbury Publishing; 2019.

Gaillard JM, Brandt S, Jullien JM. Body weight effect on
reproduction of young wild boar (Sus scrofa) females: A
comparative analysis. Folia Zoologica (Brno) 1993;42(3):
204-12.

Gorelick N, Hancher M, Dixon M, llyushchenko S, Thau D,
Moore R. Google earth engine: Planetary-scale geospatial
analysis for everyone. Remote Sensing of Environment
2017;202:18-27.

Harihar A, Chanchani P, Borah J, Crouthers RJ, Darman Y, Gray
TN, et al. Recovery planning towards doubling wild tiger
Panthera tigris numbers: Detailing 18 recovery sites from
across the range. PLoS One 2018;13(11):0207114.

Hayward MW, O’Brien J, Kerley GI. Carrying capacity of large
African predators: Predictions and tests. Biological
Conservation 2007;139:219-29.

Johann F, Handschuh M, Linderoth P, Dormann CF, Arnold J.
Adaptation of wild boar (Sus scrofa) activity in a human-
dominated landscape. BMC Ecology 2020;20(1):1-4.

Jornburom P, Duangchantrasiri S, Jinamoy S, Pattanavibool A,
Hines JE, Arnold TW, et al. Habitat use by tiger prey in
Thailand’s Western Forest Complex: What will it take to fill a
half-full tiger landscape? Journal for Nature Conservation
2020;58:Article No. 125896.

Khoewsree N, Charaspet K, Songsasen N, Pla-Ard M,
Thongbantum J, Kongchaloem W, et al. Abundance, prey, and
activity period of dholes (Cuon alpinus) in Khao Yai National
Park, Thailand. Biodiversitas Journal of Biological Diversity
2020;21(1):345-54.

Knight RL, Cole DN. Wildlife and recreationists: Coexistence
through management and research. In: Knight RL, Gutzwiller
KJ, editers. Wildlife Responses to Recreationists. Washington
DC, USA: Island Press; 1995.

Lahkar D, Ahmed MF, Begum RH, Das SK, Harihar A. Responses
of a wild ungulate assemblage to anthropogenic influences in
Manas National Park, India. Biological Conservation
2020;243:Article No. 108425.

MacKenzie DI, Nichols JD, Lachman GB, Droege S, Andrew
Royle J, Langtimm CA. Estimating site occupancy rates when
detection probabilities are less than one. Ecology 2002;
83(8):2248-55.

McShea WJ, Davies SJ, Bhumpakphan N. The Ecology and
Conservation of Seasonally Dry Forests in Asia. Washinton
DC, USA: Smithsonian Institution Scholarly Press; 2011.



Suksavate S et al. / Environment and Natural Resources Journal 2022; 20(6): 563-574

O’Brien TG, Kinnaird MF, Wibisono HT. Crouching tigers,
hidden prey: Sumatran tiger and prey populations in a tropical
forest landscape. Animal Conservation 2003;6(2):131-9.

Ohashi H, Saito M, Horie R, Tsunoda H, Noba H, Ishii H, et al.
Differences in the activity pattern of the wild boar Sus scrofa
related to human disturbance. European Journal of Wildlife
Research 2013;59(2):167-77.

Olliff ERR, Cline CW, Bruen D, Yarmchuk EJ, Pickles RSA,
Hunter L. The panthercam-a camera-trap optimized for
monitoring wild felids. Wild Felid Monitor 2014;7(2):21-8.

Paansri P, Sangprom N, Suksavate W, Chaiyes A, Duengkae P.
Spatial modeling of forage crops for tiger prey species in the
area surrounding highway 304 in the Dong Phayayen-Khao
Yai Forest Complex. Environment and Natural Resources
Journal 2021;19(3):220-9.

Paansri P, Suksavate W, Chaiyes A, Chanteap P, Duengkae P. Use
of Bayesian, lasso binary quantile regression to identify
suitable habitat for tiger prey species in Thap Lan National
Park, Eastern Thailand. Environment and Natural Resources
Journal 2022;20(3):266-78.

Pakpien S, Simcharoen A, Duangchantrasiri S, Chimchome V,
Pongpattannurak N, Smith JL. Ecological covariates at kill
sites influence tiger (Panthera tigris) hunting success in Huai
Kha Khaeng Wildlife Sanctuary, Thailand. Tropical
Conservation Science 2017;10:1-7.

Panthera. Enabling the Recovery and Conservation of Tiger and
Tiger Prey in Southern Western Forest Complex
(SWEFCOM): Annual Report 2018. Karnchanaburi, Thailand:
Panthera Corporation; 2018.

Pettorelli N, Ryan S, Mueller T, Bunnefeld N, Jedrzejewska B,
Lima M, et al. The normalized difference vegetation index
(NDVI): Unforeseen successes in animal ecology. Climate
Research 2011;46(1):15-27.

Phoonjampa R, Steinmetz R, Phumanee W, Bunchornratana K,
Kaewsrisod T, Srirattanaporn S, et al. Recolonization of
former range by endangered banteng Bos javanicus in Mae
Wong National Park, Thailand. Tropical Conservation Science
2021;14:1-6.

Phumanee W, Steinmetz R, Phoonjampa R, Bejraburnin T,
Grainger M, Savini T. Occupancy-based monitoring of
ungulate prey species in Thailand indicates population
stability, but limited recovery. Ecosphere 2020;11(9):e03208.

Phumanee W, Steinmetz R, Phoonjampa R, Weingdow S,
Phokamanee S, Bhumpakphan N, et al. Tiger density,
movements, and immigration outside of a tiger source site in
Thailand. Conservation Science and Practice 2021a;3(12):
€560.

Phumanee W, Steinmetz R, Phoonjampa R, Bejraburnin T,
Bhumpakphan N, Savini T. Coexistence of large carnivore
species in relation to their major prey in Thailand. Global
Ecology and Conservation. 2021b;32:e01930.

Prayoon U, Suksavate W, Chaiyes A, Winitpornsawan S,
Tunhikorn S, Faengbubpha K, et al. Past, present and future

574

habitat suitable for gaur (Bos gaurus) in Thailand. Agriculture
and Natural Resources 2021;55(5):743-56.

Reed DH. Extinction risk in fragmented habitats. Animal
Conservation 2004;7(2):181-91.

Ridout MS, Linkie M. Estimating overlap of daily activity patterns
from camera trap data. Journal of Agricultural, Biological, and
Environmental Statistics 2009;14(3):322-37.

Saisamorn A, Duengkae P, Pattanavibool A, Duangchantrasiri S,
Simcharoen A, Smith JL. Spatial and temporal analysis of
leopards (Panthera pardus), their prey and tigers (Panthera
tigris) in Huai Kha Khaeng Wildlife Sanctuary, Thailand.
Folia Oecologica 2019;46(2):73-82.

Simcharoen A, Savini T, Gale GA, Roche E, Chimchome V, Smith
JL. Ecological factors that influence sambar (Rusa unicolor)
distribution and abundance in western Thailand: Implications
for tiger conservation. Raffles Bulletin of Zoology 2014;
62:100-6.

Simcharoen A, Simcharoen S, Duangchantrasiri S, Bump J, Smith
JLD. Tiger and leopard diets in western Thailand: Evidence
for overlap and potential consequences. Food Webs
2018;15:200085.

Spitz F, Janeau G. Daily selection of habitat in wild boar (Sus
scrofa). Journal of Zoology 1995;237(3):423-34.

Srikosamatara S, Suteethorn V. Populations of gaur and banteng
and their management in Thailand. Natural History Bulletin of
the Siam Society 1995;43(1):55-83.

Steinmetz R, Chutipong W, Seuaturien N, Chirngsaard E,
Khaengkhetkarn M. Population recovery patterns of Southeast
Asian ungulates after poaching. Biological Conservation
2010;143(1):42-51.

Suttidate N, Steinmetz R, Lynam AJ, Sukmasuang R, Ngoprasert
D, Chutipong W, et al. Habitat connectivity for endangered
Indochinese tigers in Thailand. Global Ecology and
Conservation 2021;29:e01718.

United Nations Educational, Scientific and Cultural Organization
(UNESCO). World Heritage list: Thungyai-huai kha khaeng
wildlife sanctuaries [Internet]. 2020 [cited 2020 Jan 20].
Auvailable from: https://whc.unesco.org/en/list/591/.

Vinitpornsawan S, Fuller TK. Spatio-temporal correlations of
large predators and their prey in Western Thailand. Raffles
Bulletin of Zoology 2020;68.118-31.

Western Forest Complex (WEFCOM). GIS Database and Its
Applications for Ecosystem Management. Bangkok, Thailand:
Department of National Park, Wildlife, and Plant
Conservation; 2004.

Widodo FA, Imron MA, Sunarto S, Giordano AJ. Carnivores and
their prey in Sumatra: Occupancy and activity in human-
dominated forests. PLoS One 2022;17(3):e0265440.

Wolf C, Ripple WJ. Prey depletion as a threat to the world’s large
carnivores. Royal Society Open Science 2016;3(8):Article No.
160252.

Wolf C, Ripple WJ. Range contractions of the world’s large
carnivores. Royal Society Open Science 2017;4(7):Avrticle No.
170052.





