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Abstract

Thailand is one of the last strongholds for tigers Panthera tigris in mainland
Southeast Asia. Evidence suggests heterogeneity in tiger presence in a globally
important landscape in Eastern Thailand is potentially influenced by a complex
interaction of prey, human presence and environmental conditions. Understanding
these dynamics is of considerable importance for the conservation of tigers both in
this landscape and elsewhere in their range. In this study, we examine which fac-
tors, among prey, human presence and environmental characteristics, best explain
tiger presence in the Dong Phayayen–Khao Yai Forest Complex (DPKY). We col-
lated survey data from 56,214 camera trap nights and evaluated the relationship
between tiger presence and a suite of five prey, 11 human presence and eight envi-
ronmental variables. We then used variance partitioning to discern the degree of
variance in tiger presence explained by these factors. We documented strong, posi-
tive associations with wild boar Sus scrofa presence and prey richness, and strong,
negative associations with human settlement density, public roads and presence of
poachers. Environmental characteristics explained a greater relative proportion of
variance (19.6%) in tiger presence than prey covariates alone (3.1%), particularly
confounded with human presence (31.1%). This suggests that environmental vari-
ables, especially when accompanied by anthropogenic factors, could be used to
model potential tiger occurrence where other data may be lacking. Our approach
may be helpful in providing guidance for prioritizing habitat, evaluating the effect
of human presence and identifying key prey to provide a foundation for tiger pro-
tection and recovery.

Introduction

Catastrophic population declines over the past century, dri-
ven by hunting, habitat loss and prey depletion, have pushed
the tiger Panthera tigris precipitously close to extinction
(Nowell & Jackson, 1996; Goodrich et al., 2015). In
response, the species has been the focus of considerable
funding, research and management efforts (Walston et al.,
2010). Such investments appear to be generating positive
results, such as recent announcements of a rise in global
tiger numbers, though not without debate (Karanth et al.,
2016; WWF, 2016a, 2016b; Harihar et al., 2017).

In contrast to recent cautious optimism, dramatic declines
in tiger populations (Lynam & Nowell, 2011; Goodrich
et al., 2015) and habitat (Joshi et al., 2016) in Southeast
Asia cast doubt on the future of the Indochinese tiger Pan-
thera tigris corbetti, one of the most poorly understood

subspecies. It is now possible that Cambodia, Lao PDR and
Viet Nam have lost viable tiger populations (Lynam & Now-
ell, 2011; Gray et al., 2017; Rasphone et al., 2019). The
potential loss of populations from these countries and contin-
uing loss of habitat would represent a considerable challenge
for meaningful recovery of tigers in the region.

These overall trends are evident in Thailand, one of the
last remaining strongholds for tigers in Southeast Asia.
While there are suggestions that the tiger population in Thai-
land is relatively low and has suffered national range restric-
tion in recent years (Pisdamkam et al., 2010; DNP, 2016),
long-term investments in law enforcement capacity may be
providing a foundation for recovery in its largest source pop-
ulation (Duangchantrasiri et al., 2016). Further, a recent
study in the Dong Phayayen–Khao Yai Forest Complex
(DPKY) in eastern Thailand has established this understudied
landscape as one of the few remaining breeding populations
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known for the Indochinese subspecies (Ash et al., 2020).
DPKY has become a landscape of global conservation signif-
icance for tigers, underscoring the importance of improving
scientific understanding of its population.

The landscape has been defined by considerable changes
throughout its history which have played a major role in
shaping the current state of wildlife conservation in the area.
Over the past century, the interaction of environmental fac-
tors and anthropogenic activity have led to modification of
habitat, such as conversion of lowland forests, and prolifera-
tion of roads and settlements, facilitating varying degrees of
human presence (Rabinowitz, 1993; Lynam, Round, &
Brockelman, 2006; Stokes, 2017). This complex history has
had direct influence on tigers and the prey species which
underpin their survival.

Given DPKY’s history, the interaction of environmental,
prey and human factors on recent tiger distribution is likely
complex. In tiger studies elsewhere in their range, prey
emerges as the strongest, or among the strongest, predictors
of tiger presence (Karanth et al., 2011; Harihar & Pandav,
2012; Ngoprasert et al., 2012; Barber-Meyer et al., 2013)
with evidence suggesting an optimal tiger-prey body mass
ratio of approximately 1:1 (~60–250 kg; Hayward et al.,
2012). Conversely, studies also report strong negative associ-
ations between tiger presence and anthropogenic disturbance,
such as roads (Kerley et al., 2002) and proximity to settle-
ments (Sunarto et al., 2012), though these relationships may
not be ubiquitous (Carter et al., 2012). Understanding the
degree to which these factors broadly explain tiger presence
on their own and are confounded could provide critical
information for managers to develop protection strategies and
inform additional, focused research.

At this critical juncture for tigers in Southeast Asia,
understanding how tiger presence is affected by prey, threats
and landscape characteristics is of considerable importance.
Therefore, our goal in this study was to examine which fac-
tors, among prey, human and environmental characteristics,
best explain the patterns of tiger presence in DPKY. To do
so, we modelled several prey, human and landscape variables
and compared the extent to which tiger occurrence is
explained by these factors using variance partitioning. We
tested three hypotheses in this study. First, we predict that
tigers will have strong, positive associations with large-bod-
ied (>175 kg) prey species. Second, tigers will have strong,
negative associations with human habitation and, to a lesser
degree, human presence. Third, we predict prey will better
explain tiger presence compared to human or environmental
characteristics, given the established importance of prey as a
major limiting factor in tiger presence.

Materials and methods

Study area

The Dong Phayayen–Khao Yai Forest Complex (DPKY)
spans 6155 km2 in eastern Thailand and includes five pro-
tected areas (PAs): Khao Yai National Park (KYNP), Thap
Lan National Park (TLNP), Pang Sida National Park (PSNP),

Ta Phraya National Park (TPNP) and Dong Yai Wildlife
Sanctuary (DYWS; Fig. 1). Designated as a UNESCO World
Heritage Site for its outstanding natural value, the complex
is believed to host at least 112 mammal, 392 bird and 200
reptile/amphibian species (UNESCO, 2017), among them,
the flagship Indochinese tiger. Ash et al., (2020) identified
six prey species potentially supporting the presence of tigers
in DPKY: banteng Bos javanicus, gaur Bos gaurus, Northern
red muntjac Muntiacus vaginalis, sambar Rusa unicolor, Chi-
nese serow Capricornis milneedwardsii and wild boar Sus
scrofa.

Potential sources of disturbance through human activities
are diverse. DPKY is situated almost completely within a
human-dominated matrix of villages, agriculture, silviculture
and infrastructure. The complex supports a substantial tour-
ism industry in some areas and major roads occur between
KYNP-TLNP and TPNP-DYWS. Smaller roads also facilitate
varying degrees of controlled and uncontrolled vehicle access
into these PAs. Human incursions into DPKY include local
collectors of non-timber forest products, wildlife poachers
and illegal loggers. Law enforcement patrols by park rangers
are conducted regularly.

Camera-trap surveys

Species presence data were collated from a non-invasive
tiger camera-trap surveys from 2008 to 2017 (Fig. 1; see
Ash et al., 2020). Surveys were conducted opportunistically,
varying in coverage and intensity. TLNP accounted for the
highest proportion of survey effort (22 168 trap nights; 39%
of total) with DYWS accounting for the least amount of sur-
vey effort (3427 trap nights; 6% of total). Survey effort gen-
erally increased as access to resources improved, covering all
five PAs in the complex. Cameras were placed to maximize
the detection of tigers by prioritizing camera placement in
areas with previous tiger or prey records and identifying
topographic or other features (e.g. roads, trails) likely used
by tigers (Karanth & Chundawat, 2002; Sunarto et al., 2012;
Barber-Meyer et al., 2013). Detections at one camera station
were considered to be independent if they occurred after a
30-min period (O’Brien, Kinnaird, & Wibisono, 2003). This
resulted in a total of 1166 tiger detections for analysis, as
well as 10 726 detections of potential prey species and
21 910 human or human-related detections from 56 214 trap
nights (Data S1; Table 1). A more comprehensive descrip-
tion of surveys is provided in Ash et al. (2020).

Variables

Based on information from previous studies on tigers
throughout their range (Ngoprasert et al., 2012; Sunarto
et al., 2012; Barber-Meyer et al., 2013; Hebblewhite et al.,
2014), we assembled a suite of relevant predictor variables
to explain variability in tiger detections in relation to prey
and human presence (Data S1; Table 2). Presence was incor-
porated via photographic capture rate indices (PCRI) of four
prey species as described by Ash et al., (2020) – gaur,
muntjac, sambar and wild boar. This was calculated as the
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number of independent detections per 100 camera-trap
nights. We included a prey richness covariate as the number
of prey species detected for each station; this covariate also
included the detection of banteng and serow, which were
considered too rare to include as separate covariates. In this
study, we define large prey as species with a mean body
mass > 175 kg (sambar and gaur), medium-sized prey as
species with a mean body mass from 20 to 175 kg (wild
boar) and small prey species with a body mass < 20 kg
(muntjac), designations similar to those in other tiger studies
(Karanth & Sunquist, 1995; Karanth & Nichols, 1998; And-
heria, Karanth, & Kumar, 2007; Steinmetz, Seuaturien, &
Chutipong, 2013).

Human variables were determined based on direct human
presence detected on camera traps and at broader scales.
Among covariates related to human presence, we included
PCRI for poachers (identified via weapons, equipment, carry-
ing dead wildlife/timber etc.), domestic dogs, park rangers,
vehicles and other humans (which include all humans and
vehicles, except rangers and poachers). To evaluate broader
scale human influence, we generated several GIS-based
covariates at 30-m resolution to match the resolution of envi-
ronmental variables from Ash et al. (In press). Using ArcGIS
(ESRI, 2015), we calculated Euclidean distance to roads
(Royal Forestry Department, 2000; GISTDA, 2005; 2018
Google, US Dept of State Geographer, Image Landsat/

Copernicus) for two classes: uncontrolled public roads, most
of which occur just inside or outside the parks, and con-
trolled private (park) roads, which are managed by parks to
regulate access. We also calculated distance to park substa-
tion (Royal Forestry Department, 2000). To evaluate the
potential influence of settlements, we calculated kernel den-
sity of settlements surrounding DPKY in ArcGIS (ESRI,
2015; 2018 Google, US Dept of State Geographer, Image
Landsat/Copernicus). We also included the Global Human
Influence Index dataset (WCS & CIESIN, 2005), summariz-
ing population density, human land use and infrastructure,
and human access.

In addition to prey and human covariates, we also
included relevant environmental variables developed for the
multiple-scale shape-optimized model in Ash et al. (In
press). In this study, authors tested the effect of 47 environ-
mental variables (Data S2; Table 1) on tiger occurrence
based on the same camera-trap dataset (Ash et al., 2020) at
seven spatial scales (250 m to 16 km), derived from spatial
statistics and including several landscape metrics (focal
mean/percentage of landscape, standard deviation, correlation
length, contrast-weighted edge density, patch density and
aggregation index), generated by moving windows of size
corresponding to each scale. The authors also tested variables
transformed by five different functional shapes (linear, quad-
ratic, log, exponential and negative exponential). Variables

Figure 1 Map of the five protected areas within the Dong Phayayen–Khao Yai Forest Complex (DPKY; ~14°000 to 14°33’N and ~101°050 to
103°140E; derived from Ash et al. (2020) – Dong Yai Wildlife Sanctuary (DYWS), Khao Yai National Park (KYNP), Pang Sida National Park

(PSNP), Thap Lan National Park (TLNP) and Ta Phraya National Park (TPNP). Survey locations are represented by 3 9 3 km grids, shaded by

total survey effort (total camera-trap nights; 2008–2017).
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were evaluated at each scale and functional form in univari-
ate models with tiger presence as the response variable, with
optimal scale and functional form determined by AICc. Fol-
lowing filtering of variables based on P > 0.05 and Pear-
son’s correlation, remaining variables were included in a
fully averaged multivariate model with performance evalu-
ated via area under the relative operating characteristic
(ROC) curve (AUC). The model, which performed excep-
tionally well (AUC 0.93), included eight variables: percent-
age of secondary forest (log, 16 km), correlation length of
secondary forest (linear, 4000 m), camera effort, percentage
of bamboo forest (linear/quadratic; 16 km), standard devia-
tion of elevation (linear/quadratic, 16 km), focal mean of ter-
rain roughness index (linear/quadratic 16 km), percentage of
open forest (linear, 16 km) and correlation length of refor-
ested areas (linear/quadratic, 8 km). Environmental factors in
our study were defined by the same set of variables and their
coefficients as in Ash et al. (In press) at their appropriate
spatial scales and functional forms (Table 2c; see Data S2).

Tiger occurrence models

To evaluate the within-group effect of each covariate on
tiger detections, we developed generalized linear models
(GLM) for each of the three factors (prey, human and envi-
ronment). The models included binomial tiger detection data
as the response variable, covariate data as the explanatory
variable and survey effort (CTN) as a fixed effect, with bino-
mial distribution using a logit link function. To eliminate
within-group collinearity and maintain collinearity across the
groups for variance partitioning analysis, we conducted a
Pearson’s correlation test between variables in each category
(prey and human) with correlation threshold of |r| > 0.6,
removing variables of higher AICc value via univariate
regression (Burnham and Anderson 2002). The best combi-
nation of remaining covariates in each group were deter-
mined by subsetting best performing GLMs in ‘BIOSTATS’
(McGarigal, 2018), ranked by DAICc (defined in our model
as DAICc < 2), ranking variable importance in final models
and generating averaged coefficients based on Akaike’s
model weight (wi). These steps were also carried out for the
environmental model generated by Ash et al. (In press).

To evaluate model performance, we calculated and com-
pared statistics indicating model discriminatory ability.
Specifically, we evaluated sensitivity, specificity, percent cor-
rectly classified (PCC), kappa and AUC. Second, we tested
the influence of each covariate on probability of tiger pres-
ence by calculating the difference observed when the covari-
ate increases from the 10th to 100th percentile, using
standardized values while holding other covariates at their
medians. Covariates were transformed to non-standardized
values and plotted to evaluate changes in probability of tiger
presence relative to changes in covariate values.

Variance partitioning

We used all final variables in each group (five prey, 11 human
and eight environmental variables) to conduct variance

partitioning analysis (Borcard, Legendre, & Drapeau, 1992), in
order to quantify the extent to which prey, human and environ-
mental factors account for variation in tiger detections across
DPKY. Variance partitioning has been used in a number of
ecological modelling studies (Cushman & McGarigal, 2004;
Bhattarai & Kindlmann, 2013; Timm et al., 2016) and is useful
in discerning the explanatory power of independent and con-
founded models on a shared response.

Variance partitioning was conducted using the function
varpart within the package ‘vegan’ in R (R Development
Core Team, 2017; Oksanen et al., 2018), including the three
described types of covariates (prey, human and environmen-
tal) with camera effort as a fourth explanatory component
and binomial tiger detections as the response.

Results

Among an original 11 covariates for human presence and
five covariates for prey, four human presence covariates were
dropped (domestic dog, other humans, distance to park sub-
station and distance to all roads) and one prey covariate was
dropped (muntjac) due to P > 0.05. Pearson’s correlation test
for variables within the two groups did not indicate correla-
tion (|r| > 0.6) between remaining covariates.

Overall model performance was strong for all groups of
covariates (AUC > 0.80; Table 1). The environmental
model from Ash et al. (In press) exhibited the strongest
performance by AUC (0.93), followed by human factors
(0.90) and prey (0.80). For other model performance
statistics, human factors outperformed others in percent
observations correctly classified (PCC) and specificity with
the environmental model performing better based on sensi-
tivity. Further, Kappa for human factors (0.65) was simi-
lar to the environmental model (0.65), but notably higher
than that of prey (0.41), demonstrating exceptional ability
to correctly discriminate between detection and non-detec-
tion points. All groups had relatively high specificity val-
ues – 0.96 for human factors, 0.93 for environment and
0.86 for prey – indicating a strong ability to predict non-
detection points.

Prey model

All four prey covariates were included in the fully averaged
model (Table 2a) together with camera effort. AIC variable
importance was highest for wild boar, prey richness and
camera effort, both present in n = 3 model subsets, and low-
est for sambar and gaur (n = 1).

Table 1 A summary of performance statistics for prey, human and

environmental models, the latter derived from Ash et al. (In press)

Model

Max Kappa

Cut-point PCC Sensitivity Specificity Kappa AUC

Prey 0.2700 0.7954 0.5526 0.8631 0.4092 0.80

Human 0.4700 0.8891 0.6491 0.9560 0.6504 0.90

Env. 0.4300 0.8815 0.7018 0.9315 0.6455 0.93
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Variable importance, as determined by standardized coeffi-
cients, was highest for camera effort (b = 0.990 � 0.241),
followed by prey richness (b = 0.442 � 0.167) and wild
boar (b = 0.297 � 0.111). Both gaur (b = �0.074 � 0.132)
and sambar (b = �0.104 � 0.119) had adjusted standard
errors crossing zero.

Predicted tiger presence had a strong, positive association
with camera effort, with a change (D) of 0.87 as camera
effort values increased from 10th to 100th percentiles. Wild
boar appeared to be a strong predictor of tiger presence, with
predicted probability increasing from 0.14 to 0.65 (D0.51) as
PCRI values increased to 0–58 detections per 100 CTN.
There was a moderate increase in predicted probability in
tiger presence from 0.15 to 0.48 (D0.33) as sambar PCRI
increased from 0 to extreme values at the 100th percentile
(288 detections/100 trap nights). The presence of gaur
appeared to have a marginally negative influence on pre-
dicted tiger presence, with predicted probabilities declining
from 0.15 to 0.08 (D-0.07) as PCRI increased from 0 to 28.
However, these relationships for gaur and sambar are

uncertain given adjusted SE for their standardized coeffi-
cients cross zero. Predicted tiger presence was also positively
associated with overall prey species richness, increasing from
0.08 to 0.32 (D0.24) as richness increased from 0 to 5 prey
species detected.

Human model

A total of six human covariates were included in the fully
averaged model (Table 2b) – vehicles, camera effort, dis-
tance to park roads, distance to public roads, poacher PCRI
and settlement density.

AIC variable importance varied marginally across covari-
ates with highest values for camera effort, distance to public
roads and settlement density (n = 3), followed by vehicles,
and distance to park roads (n = 2) and poacher presence
(n = 1). Influential covariates positively associated with tiger
presence, as determined by standardized coefficients,
included camera effort (b = 1.426 � 0.270) and distance to
public roads (b = 1.005 � 0.197). Conversely, covariates

Table 2 Fully averaged model results for (a) human presence, (b) prey and (c) the environmental model (Ash et al, In press) including

standardized regression coefficients (b), standard error (SE), adjusted standard error (Adjusted SE), z-value (z), significance (p), AIC variable

importance (AIC Var. Imp) and change in probability with increasing variable values from 10th to 100th percentile (Dprob). Vehicle, poacher,

wild boar, sambar and gaur covariates were derived from photographic capture-rate index values (PCRI; detections per 100 camera-trap

nights). The environmental model includes optimal scale and functional form (Llinear, QQuadratic, LOGLogarithmic)

b Adjusted SE z P AIC Var. Imp Dprob

(a)

(Intercept) �1.459 0.133 10.984 <0.001 — —

Wild Boar 0.297 0.111 2.674 0.008 3 0.51

Prey Richness 0.442 0.167 2.647 0.008 3 0.24

Camera effort 0.990 0.241 4.108 <0.001 3 0.87

Sambar 0.104 0.119 0.872 0.383 1 0.33

Gaur �0.074 0.132 0.556 0.578 1 �0.07

(b)

(Intercept) �2.349 0.268 8.775 <0.001 — —

Vehicle 0.286 0.154 1.860 0.063 2 0.75

Distance to public road 1.005 0.197 5.112 <0.001 3 0.67

Distance to park road �0.355 0.182 1.955 0.051 2 �0.11

Settlement density �1.614 0.485 3.327 0.001 3 �0.19

Camera effort 1.426 0.270 5.287 <0.001 3 0.91

Poacher �0.678 0.517 1.313 0.189 1 �0.12

(c)

(Intercept) �1.367 0.314 4.352 <0.001 — —

% Secondary forest (16 km)LOG �0.777 0.210 3.702 <0.001 2 �0.23

Correlation length secondary forest (4 km)L �0.701 0.235 2.978 0.003 3 �0.13

Camera effort (# trap nights) 1.460 0.309 4.718 <0.001 3 0.92

% Bamboo (16 km)L 1.028 0.525 1.960 0.050 2 0.55

DEM standard deviation (16 km)L 0.995 0.308 3.226 0.001 1 0.13

% Bamboo (16 km)Q �0.072 0.232 0.309 0.757 2 0.55

DEM standard deviation (16 km)Q �0.866 0.336 2.575 0.010 1 0.13

Focal mean of terrain roughness index (16 km)L 1.165 0.502 2.317 0.020 2 0.13

Focal mean of terrain roughness index (16 km)Q �1.671 0.579 2.887 0.004 2 0.13

% Open forest (16 km)L �2.353 0.457 5.149 <0.001 1 �0.58

Correlation length of reforested areas (8 km)L 0.968 0.321 3.011 0.003 1 0.17

Correlation length of reforested areas (8 km)Q �0.555 0.195 2.844 0.004 1 0.17
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with a notably strong negative association included settle-
ment density (b = �1.614 � 0.485) and, to a lesser degree,
poacher PCRI (b = �0.678 � 0.517).

Predicted tiger presence relative to changing covariate val-
ues was positively associated with camera effort (D0.91) and
vehicles (D0.75). Tigers were also positively associated with
distance to public roads with probabilities increasing from
0.04 to 0.71 (D0.67) as distance to public roads increased
from 570 m to over 17 400 m. Changes in predicted tiger
presence was less pronounced in cases where tigers were
negatively associated with covariates. Predicted tiger pres-
ence with increasing settlement density decreased from 0.19
to 0 (D-0.19) as density increased from almost 0 to 0.13.
Predicted tiger presence steeply declined from 0.12 to almost
0 (D-0.12) as poacher PCRI increased from 0 to 100 detec-
tions per 100 trap nights. Similarly, as distance to park roads
increased from less than 100 m to over 27 000 m, we
observed a moderate decline in predicted tiger presence from
0.14 to 0.03 (D-0.11).

Environmental model

As discussed in Ash et al., (In press), the environmental
model (Table 2c) describes positive associations between
tigers and percentage of bamboo forest (b = 1.028 � 0.525),
moderate topographic heterogeneity (standard deviation of
elevation [b = 0.995 � 0.308] and focal mean of terrain
roughness index [b = 1.165 � 0.502]) and reforested areas

(b = 0.968 � 0.321), and negative associations with sec-
ondary (b = �0.777 � 0.210) and open forest
(b = �2.353 � 0.457). Additional information on changes in
predicted tiger presence as variables increase from 10th to
100th percentiles can be found in Table 2c and Data S2.

Variance partitioning

The relative proportion of variance explained among the
three main groups of variables (prey, human and environ-
ment), and camera effort varied considerably with a high
degree of collinearity (Fig. 2). Environmental factors, inde-
pendent and confounded with others, accounted for 81.6% of
the relative proportion of variance explained, followed by
59.3% for human factors, 36.7% for camera effort and
33.2% for prey. However, the relative proportion of variance
explained exclusively by independent factors was highest for
environment (19.6%), followed by camera effort (5.2%), prey
(3.1%) and human presence (2.1%). Environmental and
human factors jointly explained 31.1% of relative proportion
of variance, the highest among confounded factors (Data S1;
Table 3). Relative proportion of variance explained jointly
for environment, prey and human factors was 7.3%.

Discussion

We evaluated the degree to which prey, human and environ-
mental characteristics explain tiger presence in the Dong

Figure 2 Relative proportion of variance in tiger detections explained by environmental, human and prey factors and camera effort. Con-

founded factors (areas of overlap) describe variance which cannot be explained by a single model.
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Phayayen–Khao Yai Forest Complex, a tiger landscape of
global conservation priority. Environmental variables, partic-
ularly confounded with human factors, explained a greater
proportion of variance in tiger presence than any other factor
in our study, potentially due to environmental covariates
more comprehensively accounting for factors influencing
tiger presence, including presence of prey and human access,
than either of these factors independently. Importantly, we
documented strong associations with medium-sized prey
(wild boar) and areas of high prey richness while also docu-
menting strong negative associations with anthropogenic fac-
tors, particularly settlement density, public roads and
increased poaching presence.

Our first hypothesis predicted that tigers would have
strong, positive associations with large-bodied (>175 kg)
prey species, in particular, sambar and gaur. The presence of
prey species is a critical factor in the presence and persis-
tence of tigers (Karanth & Stith, 1999; Karanth et al., 2004)
and a number of studies throughout the tiger’s range indicate
a preference for large prey (Karanth & Sunquist, 1995; Bis-
was & Sankar, 2002; Bagchi, Goyal, & Sankar, 2003). Our
results do not support this hypothesis. In our study, tiger
presence had strong, positive associations with wild boar,
considered in our study a medium-sized species, while posi-
tive or negative relationships could not be determined for
sambar and gaur, the two largest prey species evaluated.
Wild boar are relatively widespread in the complex com-
pared to sambar (Ash et al., 2020) and differences in avail-
ability of these prey species across the complex may have
been a factor in the strength of variable coefficients for these
species. These results are partially consistent with other stud-
ies in Thailand. In Ngoprasert et al. (2012), tigers had strong
overall associations with wild boar; however, in contrast to
our results, gaur was considered to have the highest impor-
tance in both national and Khao Yai NP models and tiger
presence was also positively associated with sambar. In Wes-
tern Thailand, studies have suggested wild boar (Steinmetz
et al., 2013), gaur, sambar and banteng to be important prey
species (Petdee, 2000; Prommakul, 2003). Wild boar and
deer species, such as sambar, are suggested to be important
prey species elsewhere in the tiger’s range (Sunquist, Kar-
anth, & Sunquist, 1999; Biswas & Sankar, 2002; Hayward,
Jedrzejewski, & Jedrzewska, 2012; Petrunenko et al., 2016),
in some cases, more so compared to gaur and muntjac (Sun-
quist et al., 1999; Biswas & Sankar, 2002). Hayward et al.
(2012) suggest tigers optimally select prey with a similar
body mass, corresponding roughly to large cervids (e.g. sam-
bar) and wild boar which we considered ‘large’ and ‘med-
ium’ prey species, respectively. In future studies testing
similar hypotheses, prey size classifications may be more
appropriate relative to tiger body mass (e.g. wild boar and
sambar as ‘optimally sized’ prey).

In addition to strong positive associations with wild boar,
we also documented relatively strong positive associations
with overall prey richness. Availability of diverse prey of
different size classes is thought to be an important factor in
the persistence of large felids (Sandom et al., 2017) and,
more broadly, richness and persistence of large carnivores

may be underpinned by the richness of prey species (San-
dom et al., 2013). It is possible that prey species richness, in
addition to specific prey species, augments tiger presence in
certain areas in DPKY.

In our second hypothesis, we predicted that tigers would
have strong, negative associations with human habitation
and, to a lesser degree, human presence. Our results are con-
sistent with this hypothesis. Tiger presence in our study had
strong, negative associations with public roads and settlement
density, and relatively strong negative associations with the
presence of poachers. These results are consistent with evi-
dence in other studies suggesting broad negative associations
with human activity overall (Karanth et al., 2011; Harihar &
Pandav, 2012; Ngoprasert et al., 2012; Barber-Meyer et al.,
2013). More specifically, strong negative associations with
settlements and public roads is supported by studies else-
where in the tigers range (Kerley et al., 2002; Linkie et al.,
2006; Sunarto et al., 2012). The negative association with
the presence of poachers is also consistent with studies high-
lighting the potentially catastrophic impacts of poaching on
tiger and prey populations, even in seemingly intact forest
(Kenney et al., 1995; Chapron et al., 2008; Steinmetz et al.,
2010). Negative associations with human settlements, public
roads and poaching presence appears to be almost universal
across the tiger’s range (Kerley et al., 2002; Kanagaraj
et al., 2011; Hebblewhite et al., 2012; Sunarto et al., 2012;
Barber-Meyer et al., 2013), part of a broader trend of these
factors being associated with declines of large carnivores
globally (Ripple et al., 2014; Wolf & Ripple, 2017). Our
results suggest these factors are a major influence in tiger
distribution in DPKY.

Our results depart somewhat from our second hypothesis
with positive associations with park roads and vehicles. In
our study, we distinguished between public roads, primarily
occurring outside park boundaries, and park roads maintained
by PAs which facilitate access for patrolling and, in some
areas, tourism. Our study is distinguished in this regard from
studies reviewing effects of public roads of varying intensity
of use or navigability rather than uncontrolled versus con-
trolled access (Kerley et al., 2002). Positive associations with
park roads in our study are likely a result of tigers using cer-
tain roads for efficient travel through the landscape (Kerley
et al., 2002; Sunquist, 2010; Carter et al., 2012). Further,
many of the vehicles documented in this study were vehicles
used by PA staff for patrolling which may overlap with
areas of protection priority, such as areas that support the
presence of tigers. Elsewhere in Thailand, a study by Ngo-
prasert et al. (2007) did not document significant differences
in detection rates of leopard among different categories of
vehicle traffic rates. The authors speculate this may be due
to temporal separation, a factor in patterns of co-occurrence
in Carter et al. (2012). This may have also been a factor in
our study. Regular use of roads by felids and other species
have been documented in other studies (Di Bitetti et al.,
2010; Di Bitetti, Paviolo, & De Angelo, 2014). However,
the relationship between these species and roads is likely
complex. Due to the study design, we were unable to evalu-
ate fine-scale effects of vehicle presence on tigers. Thus,
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associations with vehicles do not necessarily imply tolerance
or the absence of negative influence.

Our third hypothesis was that prey itself would better
explain tiger presence compared to human presence or envi-
ronmental characteristics, given the established importance of
prey as a major limiting factor in tiger presence (Karanth &
Stith, 1999; Karanth et al., 2004) and high importance of
prey in other modelling studies (Kanagaraj et al., 2011; Kar-
anth et al., 2011; Barber-Meyer et al., 2013; Steinmetz, Seu-
aturien, & Chutipong, 2013). This hypothesis was not
supported by our results. Independently, tigers had strong
positive associations with prey and a lack of prey would cer-
tainly preclude tiger presence. However, contrary to our
hypothesis, in terms of relative variance explained, variance
partitioning indicated that prey alone explained less variance
(3.1%) compared to other factors. In contrast to our predic-
tions, environmental factors explained the greatest overall
proportion of variance (19.6%), particularly confounded with
human factors (31.1%).

Variance partitioning in our study indicated that tiger rela-
tionships with prey, in some cases, could be explained by a
combination of environmental and human factors. Ash et al.
(In press) described strong positive associations with habitat
suitable for important prey species described in our study,
strong positive associations with core habitat away from
human habituation and strong negative associations with
habitat near settlements that were heavily impacted by
human activity. In effect, environmental covariates, including
habitat, terrain and proxies of human and prey effects, may
have been a more comprehensive predictor of tiger presence
overall than prey or human factors on their own, resulting in
higher explanatory performance. Specifically, it is possible
that environmental covariates better accounted for important
limiting factors for the presence of prey, including human
presence, resulting in a high degree of collinearity. Impor-
tantly, this suggests that in some cases an environmental
model, especially coupled with anthropogenic factors, could
be used to model tiger occurrence where other data may be
lacking. However, this approach would merit a high degree
of caution since, regardless of environmental characteristics,
poaching and prey depletion can eradicate tigers and other
species from otherwise intact habitat (Ben�ıtez-L�opez et al.,
2019). Application of this approach may be beneficial in
poorly understood areas by identifying factors of notable
influence on tiger presence to guide more specific and robust
scientific enquiry. Rigorous studies to assess prey abundance
and human pressure should be employed wherever possible
to more comprehensively understand the influence of these
factors on tiger presence.

Human presence explained a relatively large amount of
variance in our study, and the effects of its variables on tiger
presence were particularly strong. This relationship between
human and environmental factors is evident in the high rela-
tive proportion of variance explained by confounded human
and environmental factors. In DPKY, mountainous habitat
has been the least prone to disturbance historically, with
landscape characteristics limiting patterns of human influ-
ence. Overall, tiger presence in DPKY may be explained in

broad terms by the fact that little alternative habitat remains
outside of more central areas and that variance in tiger pres-
ence is explained by differences in broad-scale environmental
conditions, available habitat for prey, and refugia in which
prey are subject to lower poaching pressure.

While our study reveals important associations with cer-
tain prey species, these associations should be distinguished
from prey selection, which was outside the scope of this
study and would require methods of diet analysis (Karanth
& Nichols, 1998; Andheria, Karanth, & Kumar, 2007). Fur-
ther, we did not include smaller potential prey species
(<20 kg) given the presence of several larger prey species in
our study area and strong representation of larger prey as
being critically important in studies throughout the tigers
range (Karanth & Sunquist, 1995; Biswas & Sankar, 2002;
Bagchi, Goyal, & Sankar, 2003). Such species were not
included in Ngoprasert et al. (2012) in modelling tiger asso-
ciations with prey elsewhere in Thailand. Study design pre-
cluded adherence to key assumptions of occupancy
modelling (Harmsen et al., 2010; Welsh, Lindenmayer, &
Donnelly, 2013), particularly those pertaining to indepen-
dence and population closure necessary for calculating reli-
able estimates of detection probability. Thus, prey covariates
were developed using detection rates (PCRI) as a surrogate
to evaluate the influence of prey presence. We recommend
future studies strive to incorporate data from studies explic-
itly designed for occupancy or capture-recapture frameworks
where possible. Further, given spatial overlap of human pres-
ence with tiger and prey species, additional studies exploring
the potential risk from disease transmission, such as from
canine distemper virus (CDV; Seimon et al., 2013) or Afri-
can swine fever (Guberti et al., 2019) may be warranted.

Implications for conservation

Our study suggests explanatory factors for tiger presence in
the Dong Phayayen–Khao Yai Forest Complex are more
nuanced than initially hypothesized. We documented strong,
positive associations with wild boar (Sus scrofa) and prey
richness, and strong, negative associations with human settle-
ments, public roads and poachers. However, environmental
characteristics, particularly confounded with human presence,
explained a greater relative proportion of variance in tiger
presence than prey covariates. Given the patterns of tiger
presence in our study and consistent with studies from else-
where in the tigers’ range, we recommend prioritizing pro-
tection of key habitat, minimizing human presence and
securing prey rich areas as part of ongoing tiger protection
strategies in DPKY. We echo the sentiment of Kanagaraj
et al. (2011) that, although these seemingly intuitive results,
such as negative associations with anthropogenic factors, are
not new, these are nonetheless important to quantify. Nega-
tive impacts of human influence have been documented
broadly (Crooks, 2002; Foley et al., 2005; Coffin, 2007), as
well as more specifically for other large, wide-ranging spe-
cies such as wolves (Lesmerises, Dussault, & St-Laurent,
2012) and bears (Linke et al., 2013). However, the relation-
ship between the presence of these species and
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anthropogenic factors may be more complex than broader
trends suggest (Hebblewhite & Merrill, 2008; Martin et al.,
2010; Carter et al., 2012). Understanding the potential influ-
ence of human presence on tigers, particularly in concert
with other factors such as prey or environmental factors, is
particularly important for our study area for which land-
scape-scale assessments on tigers have been lacking.

Controlling poaching of prey, particularly wild boar, and
minimizing disturbance to habitat will be crucial for tiger pro-
tection while restoration of degraded habitat and prey popula-
tions will improve prospects for long-term recovery of tigers
in this landscape. Reducing infrastructure development that
may otherwise fragment habitat or facilitate access, such as
roads or dams, maintaining careful regulation of access into
this landscape and additional research on potential finer-scale
effects of vehicles on tiger presence is also warranted. Efforts
are underway to mitigate the effects of one major roadway
(UNESCO, 2017) though the extent to which this will facili-
tate tiger movement is not yet known. Understanding the
degree to which tigers can move within and beyond this land-
scape, particularly in areas of higher human influence, will be
critical to the development of long-term, broad-scale recovery
strategies. We believe this study will be beneficial in guiding
such strategies in DPKY, specifically within the realm of pro-
tection of prey and mitigation of potentially adverse human
activity. Our approach may be helpful in other areas for pro-
viding guidance on prioritizing habitat, evaluating the effect of
human presence and identifying key prey to provide a founda-
tion for species protection and recovery.

Acknowledgements

We thank Thailand’s Department of National Parks, Wildlife
and Plant Conservation (DNP), specifically, Dr. Somphot
Duangchantrasiri, Dr. Saksit Simcharoen and the rangers of
DPKY. This study was made possible by data from surveys
conducted by the DNP and Freeland Foundation (2008–
2017), in partnership with WWF-Thailand in 2013 and Pan-
thera from 2016. Funding was provided by the U.S. Fish
and Wildlife Service Rhinoceros and Tiger Conservation
Fund, David Shepherd Wildlife Foundation, Care for the
Wild International/Born Free Foundation, 21st Century Tiger,
and Point Defiance Zoo & Aquarium. The authors EA and
ZK were supported grants to DWM from the Robertson
Foundation. Others we wish to thank include Dr. Songtam
Suksawang, Dr. Chumphon Sukkasem, Sittichai Banpot,
Chonlathorn Chammanki, Prawatsart Chanteap, Krissada
Homsud, Booncherd Jaroensuk, Nuwat Leelapata, Taywin
Meesap, Chatri Padungpong, Thanaroj Photisaro, Wichai
Pornleesangsuwon, Somsuan Raksat, Wirot Rojchanajinda,
Kanchit Srinoppawan, Preecha Wittayaphan, Dr. Prateep
Duengkae, Thattaya Bidayabha, Wilaiwan Kalyakool, Sayan
Raksachart, Tawan Srithong, Christopher Hallam, Luke
Stokes and Dr. Rob Steinmetz.

Conflict of Interest

None.

References

Andheria, A.P., Karanth, K.U. & Kumar, N.S. (2007). Diet
and prey profiles of three sympatric large carnivores in
Bandipur Tiger Reserve. India. J. Zool. 273, 169–175.

Ash, E., Kaszta, _Z., Noochdumrong, A., Redford, T.,
Chanteap, P., Hallam, C., Jaroensuk, B., Raksat, S.,
Srinoppawan, K. & Macdonald, D.W. (2020). Opportunity
for Thailand’s forgotten tigers: Assessment of the
Indochinese tiger Panthera tigris corbetti and its prey with
camera-trap surveys. Oryx 1–8. https://doi.org/10.1017/
S0030605319000589.

Bagchi, S., Goyal, S.P. & Sankar, K. (2003). Prey abundance
and prey selection by tigers (Panthera tigris) in a semi-arid,
dry deciduous forest in western India. J. Zool. 260, 285–290.

Barber-Meyer, S.M., Jnawali, S.R., Karki, J.B., Khanal, P.,
Lohani, S., Long, B., Mackenzie, D.I., Pandav, B., Pradhan,
N.M.B., Shrestha, R., Subedi, N., Thapa, G., Thapa, K. &
Wikramanayake, E. (2013). Influence of prey depletion and
human disturbance on tiger occupancy in Nepal. J. Zool.
289, 10–18.

Ben�ıtez-L�opez, A., Santini, L., Schipper, A.M., Busana, M. &
Huijbregts, M.A.J. (2019). Intact but empty forests? Patterns
of hunting-induced mammal defaunation in the tropics.
PLoS Biol. 17, e3000247.

Bhattarai, B.P. & Kindlmann, P. (2013). Effect of human
disturbance on the prey of tiger in the Chitwan National
Park - Implications for park management. J. Environ.
Manage. 131, 343–350.

Biswas, S. & Sankar, K. (2002). Prey abundance and food
habit of tigers (Panthera tigris tigris) in Pench National
Park, Madhya Pradesh. India. J. Zool. 256, 411–420.

Di Bitetti, M.S., De Angelo, C.D., Di Blanco, Y.E. & Paviolo,
A. (2010). Niche partitioning and species coexistence in a
Neotropical felid assemblage. Acta Oecologica 36, 403–412.

Di Bitetti, M.S., Paviolo, A. & De Angelo, C. (2014). Camera
trap photographic rates on roads vs. off roads: Location
does matter. Mastozool. Neotrop. 21, 37–46.

Borcard, D., Legendre, P. & Drapeau, P. (1992). Partialling
out the spatial component of ecological variation. Ecology
73, 1045–1055.

Carter, N.H., Shrestha, B.K., Karki, J.B., Pradhan, N.M.B. &
Liu, J. (2012). Coexistence between wildlife and humans at
fine spatial scales. Proc. Natl. Acad. Sci. 109, 15360–15365.

Chapron, G., Miquelle, D.G., Lambert, A., Goodrich, J.M.,
Legendre, S. & Clobert, J. (2008). The impact on tigers of
poaching versus prey depletion. J. Appl. Ecol. 45, 1667–1674.

Coffin, A.W. (2007). From roadkill to road ecology: a review
of the ecological effects of roads. J. Transp. Geogr. 15,
396–406.

Crooks, K.R. (2002). Relative sensitivities of mammalian
carnivores to habitat fragmentation.Conserv. Biol. 16, 488–502.

Cushman, S.A. & McGarigal, K. (2004). Patterns in the
species-environment relationship depend on both scale and
choice of response variables. Oikos 105, 117–124.

Animal Conservation �� (2020) ��–�� ª 2020 The Authors. Animal Conservation published by John Wiley & Sons Ltd on behalf of Zoological Society of London 9

E. Ash et al. Influences on tiger presence in Eastern Thailand

https://doi.org/10.1017/S0030605319000589
https://doi.org/10.1017/S0030605319000589


DNP. (2016). Practical plan to improve tiger population
2015–2035 (20 Years). Department of National Parks,
Wildlife and Plant Conservation (DNP), Ministry of Natural
Resources and Environment, Royal Government of
Thailand. Bangkok.

Duangchantrasiri, S., Umponjan, M., Simcharoen, S.,
Pattanavibool, A., Chaiwattana, S., Maneerat, S., Kumar,
N.S., Jathanna, D., Srivathsa, A. & Karanth, K.U. (2016).
Dynamics of a low-density tiger population in Southeast
Asia in the context of improved law enforcement. Conserv.
Biol. 30, 639–648.

ESRI. (2015). ArcGIS desktop: release 10.3.1. Redlands, CA:
Environmental Systems Research Institute.

Foley, J.A., DeFries, R., Asner, G.P., Barford, C., Bonan, G.,
Carpenter, S.R., Chapin, F.S., Coe, M.T., Daily, G.C.,
Gibbs, H.K., Helkowski, J.H., Holloway, T., Howard, E.A.,
Kucharik, C.J., Monfreda, C., Patz, J.A., Prentice, I.C.,
Ramankutty, N. & Snyder, P.K. (2005). Global
consequences of land use. Science 309, 570–574.

GISTDA. (2005). Thailand roads. Bangkok: Geo-Informatics
and Space Technology Development Agency (GISTDA).

Goodrich, J.M., Lynam, A., Miquelle, D.G., Wibisono, H.T.,
Kawanishi, K., Pattanavibool, A., Htun, S., Tempa, T.,
Karki, J., Jhala, Y.V. & Karanth, U.K. (2015). Panthera
tigris. IUCN Red List Threat. Species 2015
e.T15955A50659951.

Gray, T.N.E., Crouthers, R., Ramesh, K., Vattakaven, J.,
Borah, J., Pasha, M.K.S., Lim, T., Phan, C., Singh, R.,
Long, B., Chapman, S., Keo, O. & Baltzer, M. (2017). A
framework for assessing readiness for tiger Panthera tigris
reintroduction: a case study from eastern Cambodia.
Biodivers. Conserv. 26, 2383–2399.

Guberti, V., Khomenko, S., Masiulis, M. & Kerba, S. (2019).
African swine fever in wild boar ecology and biosecurity.
Rome: FAO Animal Production and Health Manual No. 22,
FAO, OIE and EC.

Harihar, A. & Pandav, B. (2012). Influence of connectivity,
wild prey and disturbance on occupancy of tigers in the
human-dominated western Terai Arc landscape. PLoS One
7, e40105.

Harihar, A., Chanchani, P., Pariwakam, M., Noon, B.R. &
Goodrich, J. (2017). Defensible inference: questioning
global trends in tiger populations. Conserv. Lett. 10, 502–
505.

Harmsen, B.J., Foster, R.J., Silver, S., Ostro, L. & Doncaster,
C.P. (2010). Differential use of trails by forest mammals
and the implications for camera-trap studies: a case study
from Belize. Biotropica 42, 126–133.

Hayward, M.W., Jedrzejewski, W. & Jedrzewska, B. (2012).
Prey preferences of the tiger Panthera tigris. J. Zool. 286,
221–231.

Hebblewhite, M. & Merrill, E. (2008). Modelling
wildlife–human relationships for social species with
mixed-effects resource selection models. J. Appl. Ecol.
45, 834–844.

Hebblewhite, M., Zimmermann, F., Li, Z., Miquelle, D.G.,
Zhang, M., Sun, H., M€orschel, F., Wu, Z., Sheng, L.,
Purekhovsky, A. & Chunquan, Z. (2012). Is there a future
for Amur tigers in a restored tiger conservation landscape in
Northeast China? Anim. Conserv. 15, 579–592.

Hebblewhite, M., Miquelle, D.G., Robinson, H., Pikunov,
D.G., Dunishenko, Y.M., Aramilev, V.V., Nikolaev, I.G.,
Salkina, G.P., Seryodkin, I.V., Gaponov, V.V., Litvinov,
M.N., Kostyria, A.V., Fomenko, P.V. & Murzin, A.A.
(2014). Including biotic interactions with ungulate prey and
humans improves habitat conservation modeling for
endangered Amur tigers in the Russian Far East. Biol.
Conserv. 178, 50–64.

Joshi, A.R., Dinerstein, E., Wikramanayake, E., Anderson,
M.L., Olson, D., Jones, B.S., Seidensticker, J., Lumpkin, S.,
Hansen, M.C., Sizer, N.C., Davis, C.L., Palminteri, S. &
Hahn, N.R. (2016). Tracking changes and preventing loss in
critical tiger habitat. Sci. Adv. 2, e1501675.

Kanagaraj, R., Wiegand, T., Kramer-Schadt, S., Anwar, M. &
Goyal, S.P. (2011). Assessing habitat suitability for tiger in
the fragmented Terai Arc Landscape of India and Nepal.
Ecography 34, 970–981.

Karanth, K.U. & Chundawat, R.S. (2002). Ecology of the
tiger: implications for population monitoring. In Monit.
tigers their prey a Man. Res. Manag. Conserv. Trop. Asia:
9–22. Ullas Karanth, K. & Nichols, J.D. (Eds). Bangalore:
Centre for Wildlife Studies.

Karanth, K.U. & Nichols, J.D. (1998). Estimation of tiger
densities in India using photographic captures and
recaptures. Ecology 79, 2852–2862.

Karanth, K.U. & Stith, B.M. (1999). Prey depletion as a
critical determinant of tiger population viability. In Rid.
Tiger Tiger Conserv. Human-dominated landscapes: 100–
113. In Seidensticker, J., Jackson, P. & Christie, S. (Eds).
Cambridge: Cambridge University Press.

Karanth, K.U. & Sunquist, M.E. (1995). Prey selection by
tiger, leopard and dhole in tropical forests. J. Anim. Ecol.
64, 439–450.

Karanth, K.U., Nichols, J.D., Kumar, N.S., Link, W.A. &
Hines, J.E. (2004). Tigers and their prey: predicting
carnivore densities from prey abundance. Proc. Natl. Acad.
Sci. 101, 4854–4858.

Karanth, K.U., Gopalaswamy, A.M., Kumar, N.S.,
Vaidyanathan, S., Nichols, J.D. & Mackenzie, D.I. (2011).
Monitoring carnivore populations at the landscape scale:
Occupancy modelling of tigers from sign surveys. J. Appl.
Ecol. 48, 1048–1056.

Karanth, K.U., Miquelle, D., Goodrich, J. & Gopalaswamy, A.
(2016). Statement of concern by tiger biologists. WCS
Newsroom.

Kenney, J.S., Smith, J.L.D., Starfield, A.M. & McDougal,
C.W. (1995). The long-term effects of tiger poaching on
population viability. Conserv. Biol. 9, 1127–1133.

Kerley, L.I., Goodrich, J.M., Miquelle, D.G., Smirnov, E.N.,
Quigley, H.B. & Hornocker, M.G. (2002). Effects of roads

10Animal Conservation �� (2020) ��–�� ª 2020 The Authors. Animal Conservation published by John Wiley & Sons Ltd on behalf of Zoological Society of London

Influences on tiger presence in Eastern Thailand E. Ash et al.



and human disturbance on amur tigers. Conserv. Biol. 16,
97–108.

Lesmerises, F., Dussault, C. & St-Laurent, M.-H. (2012). Wolf
habitat selection is shaped by human activities in a highly
managed boreal forest. For. Ecol. Manage. 276, 125–131.

Linke, J., McDermid, G.J., Fortin, M.-J. & Stenhouse, G.B.
(2013). Relationships between grizzly bears and human
disturbances in a rapidly changing multi-use forest
landscape. Biol. Conserv. 166, 54–63.

Linkie, M., Chapron, G., Martyr, D.J., Holden, J. & Leader-
Williams, N. (2006). Assessing the viability of tiger
subpopulations in a fragmented landscape. J. Appl. Ecol. 43,
576–586.

Lynam, A. & Nowell, K. (2011). Panthera tigris ssp. corbetti.
IUCN Red List Threat. Species 2011 e.T136853A4346984.

Lynam, A., Round, P. & Brockelman, W. (2006). Status of
birds and large mammals in Thailand’s Dong Phayayen -
Khao Yai Forest Complex . Bangkok: Wildlife Conservation
Society and Biodiversity Research Training (BRT)
Programme,

Martin, J., Basille, M., Van Moorter, B., Kindberg, J., Allain�e,
D. & Swenson, J.E. (2010). Coping with human
disturbance: spatial and temporal tactics of the brown bear
(Ursus arctos). Can. J. Zool. 88, 875–883.

McGarigal, K. (2018). BIOSTATS. Amherst: Department of
Environmental Conservation, University of Massachusetts. v.
9 February 2018.

Ngoprasert, D., Lynam, A.J. & Gale, G.A. (2007). Human
disturbance affects habitat use and behaviour of Asiatic
leopard Panthera pardus in Kaeng Krachan National Park,
Thailand. Oryx 41, 343–351.

Ngoprasert, D., Lynam, A.J., Sukmasuang, R., Tantipisanuh,
N., Chutipong, W., Steinmetz, R., Jenks, K., Gale, G.A.,
Grassman, L.I., Kitamura, S., Howard, J., Cutter, P., Cutter,
P., Leimgruber, P., Songsasen, N. & Reed, D.H. (2012).
Occurrence of three felids across a network of protected
areas in Thailand: prey, intraguild, and habitat associations.
Biotropica 44, 810–817.

Nowell, K. & Jackson, P. (1996). Wild Cats: status Survey
and Conservation Action Plan. Gland, Switzerland: IUCN/
SSC Cat Specialist Group, International Union for the
Conservation of Nature.

O’Brien, T.G., Kinnaird, M.F. & Wibisono, H.T. (2003).
Crouching tigers, hidden prey: Sumatran tiger and prey
populations in a tropical forest landscape. Anim. Conserv. 6,
131–139.

Oksanen, J., Blanchet, F.G., Friendly, M., Kindt, R.,
Legendre, P., McGlinn, D., Minchin, P.R., O’Hara, R.B.,
Simpson, G.L., Solymos, P., Stevens, M.H.H., Szoecs, E. &
Wagner, H. (2018). vegan: Community Ecology Package.
Comprehensive R Archive Network (CRAN), Version 2.5-2.

Petdee, A. (2000). Feeding habits of the tiger Panthera tigris
(Linnaeus) in Huai Kha Khaeng Wildlife Sanctuary by fecal
analysis (MSc Thesis). Kasetsart University, Bangkok,
Thailand.

Petrunenko, Y., Montgomery, R.A., Seryodkin, I.V.,
Zaumyslova, O.Y., Miquelle, D.G. & Macdonald, D.W.
(2016). Spatial variation in the density and vulnerability of
preferred prey in the landscape shape patterns of Amur tiger
habitat use. Oikos 125, 66–75.

Pisdamkam, C., Prayurasiddhi, T., Kanchanasaka, B.,
Maneesai, R., Simcharoen, S., Pattanavibool, A.,
Duangchantrasiri, S., Simcharoen, A., Pattanavibool, R.,
Maneerat, S., Prayoon, U., Cutter, P. & Smith, J.L.D.
(2010). Thailand tiger action plan - 2010–2012. Bangkok:
Ministry of Natural Resources and Environment, Royal
Government of Thailand.

Prommakul, P. (2003). Habitat utilization and prey of the
tiger Panthera tigris (Linnaeus) in eastern ThungYai
Naresuan Wildlife Sanctuary [Thai]. MSc Thesis. Kasetsart
University, Bangkok.

R Development Core Team. (2017). R: A language and
environment for statistical computing. R Foundation for
Statistical Computing. vol 3.4.2. Vienna, Austria: R
Foundation for Statistical Computing.

Rabinowitz, A. (1993). Estimating the Indochinese tiger
(Panthera tigris corbetti) population in Thailand. Biol.
Conserv. 65, 213–217.

Rasphone, A., K�ery, M., Kamler, J.F. & Macdonald, D.W.
(2019). Documenting the demise of tiger and leopard, and
the status of other carnivores and prey, in Lao PDR’s most
prized protected area: Nam Et - Phou Louey. Glob. Ecol.
Conserv. 20, e00766.

Ripple, W.J., Estes, J.A., Beschta, R.L., Wilmers, C.C., Ritchie,
E.G., Hebblewhite, M., Berger, J., Elmhagen, B., Letnic, M.,
Nelson, M.P., Schmitz, O.J., Smith, D.W., Wallach, A.D. &
Wirsing, A.J. (2014). Status and ecological effects of the
world’s largest carnivores. Science 343, 1241484.

Royal Forestry Department. (2000). Study of the status and
database design of natural resources in Khao Yai, Thap
Lan, Pang Sida, and Ta Phraya National Parks [Thai].
Bangkok, Thailand: Royal Forestry Department,
Government of Thailand and Geo Asia Co., Ltd.

Sandom, C., Dalby, L., Fløjgaard, C., Kissling, W.D., Lenoir,
J., Sandel, B., Trøjelsgaard, K., Ejrnæs, R. & Svenning, J.-
C. (2013). Mammal predator and prey species richness are
strongly linked at macroscales. Ecology 94, 1112–1122.

Sandom, C.J., Williams, J., Burnham, D., Dickman, A.J.,
Hinks, A.E., Macdonald, E.A. & Macdonald, D.W. (2017).
Deconstructed cat communities: quantifying the threat to
felids from prey defaunation. Divers. Distrib. 23, 667–679.

Seimon, T.A., Miquelle, D.G., Chang, T.Y., Newton, A.L.,
Korotkova, I., Ivanchuk, G., Lyubchenko, E., Tupikov, A.,
Slabe, E. & McAloose, D. (2013). Canine distemper virus:
an emerging disease in wild endangered Amur tigers
(Panthera tigris altaica). MBio 4, e00410–e00413.

Steinmetz, R., Chutipong, W., Seuaturien, N., Chirngsaard, E.
& Khaengkhetkarn, M. (2010). Population recovery patterns
of Southeast Asian ungulates after poaching. Biol. Conserv.
143, 42–51.

Animal Conservation �� (2020) ��–�� ª 2020 The Authors. Animal Conservation published by John Wiley & Sons Ltd on behalf of Zoological Society of London11

E. Ash et al. Influences on tiger presence in Eastern Thailand



Steinmetz, R., Seuaturien, N. & Chutipong, W. (2013). Tigers,
leopards, and dholes in a half-empty forest: assessing
species interactions in a guild of threatened carnivores. Biol.
Conserv. 163, 68–78.

Stokes, D. (2017). Thap Lan: Thailand’s unsung forest gem
under threat, but still abrim with life. Conserv. News. 31
January 2017, Mongabay.

Sunarto, S., Kelly, M.J., Parakkasi, K., Klenzendorf, S.,
Septayuda, E. & Kurniawan, H. (2012). Tigers need cover:
multi-scale occupancy study of the big cat in Sumatran
forest and plantation landscapes. PLoS One 7, e30859.

Sunquist, M. (2010). What is a Tiger? Ecology and behavior.
In Tigers world: 19–34. 2nd edn. Tilson, R. & Nyhus, P.
(Eds). New York: Elsevier.

Sunquist, M., Karanth, U.K. & Sunquist, F. (1999). Ecology,
behaviour and resilience of the tiger and its conservation
needs. In Rid. Tiger Tiger Conserv. Human-Dominated
Landscapes: 5–18. Seidensticker, J., Jackson, P. & Christie,
S. (Eds). Cambridge: Cambridge University Press.

Timm, B.C., McGarigal, K., Cushman, S.A. & Ganey, J.L.
(2016). Multi-scale Mexican spotted owl (Strix occidentalis
lucida) nest/roost habitat selection in Arizona and a
comparison with single-scale modeling results. Landsc. Ecol.
31, 1209–1225.

UNESCO. (2017). Dong Phayayen-Khao Yai Forest Complex.
UNESCOWorld Herit. Cent. UNESCOWorld Heritage Centre.

Walston, J., Robinson, J.G., Bennett, E.L., Breitenmoser, U.,
da Fonseca, G.A.B., Goodrich, J., Gumal, M., Hunter, L.,
Johnson, A., Ullas Karanth, K., Leader-Williams, N.,
MacKinnon, K., Miquelle, D., Pattanavibool, A., Poole, C.,

Rabinowitz, A., Smith, J.L.D., Stokes, E.J., Stuart, S.N.,
Vongkhamheng, C. & Wibisono, H. (2010). Bringing the
tiger back from the brink-the six percent solution. PLoS
Biol. 8, 6–9.

WCS, & CIESIN. (2005). Last of the Wild Project, Version 2,
2005 (LWP-2): Global Human Influence Index (HII) Dataset
(Geographic). Palisades, NY: Wildlife Conservation Society,
Center for International Earth Science Information Network
- Columbia University, NASA Socioeconomic Data and
Applications Center (SEDAC).

Welsh, A.H., Lindenmayer, D.B. & Donnelly, C.F. (2013).
Fitting and interpreting occupancy models. PLoS One 8,
e52015.

Wolf, C. & Ripple, W.J. (2017). Range contractions of the
world’s large carnivores. R. Soc. Open Sci. 4, 170052.

WWF. (2016a). Global wild tiger population increases, but
still a long way to go. 10 April 2016. World Wildlife Fund.
New Delhi, India.

WWF. (2016b). WWF response to statement of concern by
tiger biologists. World Wildl. Fund Nat.

Supporting information

Additional supporting information may be found online in
the Supporting Information section at the end of the article.

Data S1. Supplementary tables and figures.
Data S2. Environmental model summary.

12Animal Conservation �� (2020) ��–�� ª 2020 The Authors. Animal Conservation published by John Wiley & Sons Ltd on behalf of Zoological Society of London

Influences on tiger presence in Eastern Thailand E. Ash et al.


