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ABSTRACT 

SURVEY OF CARNIVORE SPECIES IN SELECTED THAILAND RESERVES AND 

EVIDENCE FOR COMPETITIVE EXCLUSION BY LARGER CARNIVORES 

Megan C. Baker, M.S. 

George Mason University, 2014 

Thesis Director: Dr. Larry Rockwood 

 

Many species of carnivores occur within Thailand including representatives of the 

families Felidae, Canidae, Ursidae, Mustelidae, Viverridae and Herpestidae, but there is 

limited understanding of their natural history, ecology and distribution. Unfortunately 

many of these species are now threatened or endangered making conservation efforts an 

important focus in this region. Ecosystem conservation places importance on interactions 

within a community. Exploitation interactions (predator-prey) have been the focus of 

many studies within the past decades; however, little attention has been focused on 

interspecific competition among predators. The aim of this research is to understand 

interspecific competition among carnivore species that are found within Thailand’s 

protected area system through both in situ and ex situ data collection and analysis. Ex situ 

data collection used captive animals to observe possible interspecific competition 

interactions among tigers (Panthera tigris), leopards (Panthera pardus), and clouded 
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leopards (�eofelis nebulosa) using sympatric species feces as a treatment and recording 

the animals behavior. Increased investigative behaviors were observed for conspecific 

treatments and similar sized sympatric species. Avoidance behaviors were observed to 

increase in similar sized sympatric species. In situ data collection used camera traps 

placed in four protected areas within Thailand. Presence-absence data were collected for 

all carnivore species detected and used in the program PRESENCE using a 2-species co-

occurrence model to investigate interactions. Dyads when species do not overlap in 

weight were found to co-occur when prey for both species were detected (ϕ >1). When 

prey species were not detected there was evidence of avoidance by one or both species (ϕ 

<1). In dyads when the species overlapped in weight the species acted independently of 

each other when prey were not detected (ϕ =1) or co-occurred when prey were detected. 

Evidence for species interspecific competition was seen in both in situ and ex situ 

research techniques. This study’s focus on understanding interspecific competition 

among carnivore species in Southeast Asia brings us a step closer to providing better 

input into management decisions. We have evidence for cascading interactions among the 

three largest cat species in Southeast Asia and we know the impacts that prey species 

have on the occupancy and interactions of common carnivore species in the wild. These 

results can be built on and aid in the conservation and preservation of carnivore species in 

Southeast Asia. 
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BACKGROU�D I�TO I�TERSPECIFIC I�TERACTIO�S AMO�G 

CAR�IVORES I� THAILA�D 

Southeast Asia has an average deforestation rate of 1.2-1.3 percent per year since 

1990 (Sanderson et al. 2012) and within the past century Thailand forest cover has 

declined from 80 to 22% (Humphrey and Bain 1990, Ma 1999, Elliot 2001). One of the 

major threats to wildlife in Southeast Asia, including carnivores, is habitat loss through 

deforestation. However, habitat and species protection are not enough to conserve 

carnivores in Southeast Asia. Effective conservation of carnivores in Thailand requires 

more information on species’ status, habitat selection and intraguild interactions. There 

are nine species in the Felidae family in Thailand, and little is known about their ecology 

(Grassman et al. 2005b). Most of the natural history that is known comes from incidental 

information or opportunistic sightings (Tantipisanuh et al. In Press).  

 Carnivore communities can be influenced by “top-down” or “bottom-up” 

processes. Bottom-up processes stress the importance of plant productivity, habitat loss 

and prey species availability on carnivore communities (Creel et al. 2001, Schuette et al. 

2013). Top-down processes have mainly focused on predator-prey interactions while the 

influences of predator-predator interactions have been ignored despite their influence on 

community structure (niche partitioning) and natural populations through abundances and 

distributions (Linnell and Strand 2000, Schuette et al. 2013). Carnivores have high 

energetic costs invested in active hunting and are morphologically adapted to killing of 
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prey. These two aspects of carnivore ecology include interspecific competition effects 

such as kleptoparasitism, decreased fitness among competitors, intraguild predation and 

displacement not commonly present in other communities (Schuette et al. 2013).  

One theory for co-existence among carnivore species is that they avoid frequent 

encounters by niche partitioning. That is, where subordinate species show temporal and/ 

or spatial separation from dominant species (Durant 1998, Creel et al. 2001, Prugh et al. 

2009, Lucherini et al. 2009, Schuette et al. 2013). Spatial partitioning and avoidance in 

intraguild interactions have been studied since the 1970’s. Schaller (1972) described how 

lions (Panthera leo) and leopards (Panthera pardus), of Serengeti National Park, 

overlapped in prey species but occupied different habitats. Leopards used the riverine 

forest and thickets which are not ideal habitat, but are a refuge from lions. Seidensticker 

(1976) described a similar occurrence between tigers and leopards of India. Leopards use 

more open edge areas near human disturbance where tigers are not found. Interspecific 

interactions have been seen in many other carnivore dyads including artic fox (Alopex 

lagopus) and red fox (Vulpes vulpes) (Hersteinsson and MacDonald 1992), Egyptian 

mongoose (Herpestes ichneumon) and Iberian lynx (Lynx pardinus) (Palomares et al. 

1998), red fox and coyote (Canis latrans) (Sargeant et al. 1987), cheetah (Acinonyx 

jubatus), lion and spotted hyenas (Crocuta crocuta) (Durant 1998) and Andean cats 

(Leopardus jacobita) and pampas cats (Leopardus colocolo) (Lucherini et al. 2009). 

As described above, interspecifc intraguild interactions have effects on natural 

populations dynamics of carnivore communities. In Africa, for example, lions are 

partially responsible for the decrease in cheetah populations due to intraguild predation of 
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young before independence (Caro 1994, Laurenson 1994). Additionally, spotted hyenas 

will follow African wild dogs (Lycaon pictus) to outnumber and steal their prey, reducing 

the fitness and densities of the African wild dogs (Creel and Creel 1996). Other examples 

of predator-predator interactions that change natural populations include, increases in 

pine marten (Martes martes) densities after a decrease in red fox populations after a 

scabies epidemic (Lindstrom et al. 1995) In addition, San Joaquin kit foxes (Vulpes 

macrotis mutica) decrease in density in response to the presence of coyotes (White and 

Garrott 1999) due to intraguild predation. These increases and decreases in carnivore 

species based on the densities or interactions with other guild species imply a top-down 

interaction between the larger, more dominant, carnivore and the smaller, submissive 

species. 

Conservation International designates the Indo-Burma region (including eastern 

India, southwest China and southeast Asia) as a biodiversity hotspot, regarding it as a rich 

and threatened reservoir of plant and animal life (Myers et al. 2000). Thailand lies within 

the Indo-Burma region and has a diverse number of carnivores species from six families 

including Felidae, Canidae, Ursidae, Mustelidae, Viverridae and Herpestidae (Francis 

2008). Understanding how these species interact within protected areas is vital to 

understand ecological processes in these habitats for application in the conservation of 

biodiversity in the region. Linnell and Strand (2000) state that a clearer understanding of 

these dynamic guild structures through field work is needed to understand species co-

existence and is a prerequisite for maintaining biodiversity.  
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The aim of my research was to understand interspecific intraguild interactions 

between naturally occurring pairs of carnivore species that were found within Thailand’s 

protected area system through both in situ and ex situ data collection and analysis. A 

captive, ex situ, study was used to investigate the interactions among Thailand’s three 

largest carnivore species, tigers, leopards, and clouded leopards (�eofelis nebulosa). 

There are extensive efforts to conserve tigers in the region and results from this captive 

study aim to aide in management decisions regarding large felid conservation. An in situ 

camera trapping study was used to investigate interactions among all carnivore species 

detected in the study. The aim of this research was to provide insight into intraguild 

interactions to further our knowledge of all carnivore species within the ecosystem.  
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CHAPTER O�E: EVIDE�CE FOR I�TERSPECIFIC I�TRAGUILD 

I�TERACTIO�S I� CAPTIVE POPULATIO�S OF TIGERS, LEOPARDS A�D 

CLOUDED LEOPARDS 

Introduction 
Effective conservation of carnivores requires more information on their status, 

habitat selection and interactions. There are nine species of carnivores in the  

Felidae family in Thailand, and besides tigers (Panthera tigris), leopards (Panthera 

pardus) and leopard cats (Prionailurus bengalensis), not much is known about their 

natural history or ecology (Grassman et al. 2005b). Intraguild interactions among felid 

species are important in the management of wild (in situ) and captive (ex situ) 

populations, due to their influence on community structure and natural populations 

(Palomares and Caro 1999). Observing and understanding interactions among felid 

species in the wild is difficult, expensive and time consuming due to their typical 

nocturnal, solitary and elusive behaviors (Kiltie 1988, Gompper et al. 2006). An example 

of interspecific interactions between sympatric species, in India, involves tigers 

decreasing the niche breath of leopards and/or competitively displacing leopards to areas 

unoccupied by tigers (Seidensticker 1976). These predator-predator intraguild 

interactions have been documented in many other carnivore species including lions 

(Panthera leo) and leopards, tigers and leopards, and spotted hyenas (Crocuta corcuta) 

and African wild dogs (Lycaon pictus) (Schuette et al. 2013). Intraguild interactions can 

be indirect (spatial avoidance) or direct (intraguild predation) and either source of 
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interaction can cascade down to other meso-predators, either by eliminating the threat of 

mortality or freeing a food source that would normally involve competition. These 

intraguild interactions have been hypothesized to be more complex within communities 

than competition or predation alone (Palomares and Caro 1999). Recently Ngoprasert et 

al. (2012) used camera trapping data from 13 different studies to investigate intraguild 

interactions between tigers, leopards and clouded leopards (�eofelis nebulosa) in 

Thailand. Their conclusion is that the presence of prey species and habitat influence the 

presence or absence of the three carnivores in a given area; however they could not 

ascertain the interactions among these three species. 

 Studies of captive animal populations have been used to understand the behaviors 

of endangered species (Mallinson 2003). Captive behavioral studies and non-invasive 

techniques for monitoring stress-related hormones have advanced knowledge of 

endangered species’ natural history and ecological processes, therefore aiding 

conservation (Ralls 1971, Mellen 1993, Wielebnowski et al. 2002). For example, the 

behavioral study by Ralls (1971) demonstrates that increased scent marking coincides 

with dominance and aggression in small mammals. Cheek rubbing is an olfactory display 

used by multiple felids (n =20 different species) to deposit scents, such as saliva, and 

communicate territorial and/or reproductive status (Mellen 1993). Similarly, claw 

sharpening is a visual sign of territorial marking. Using such scent marks for territorial 

marking reduces confrontations among other species and conspecifics (Mellen 1993). 

Pacing, sleeping and hiding behaviors in captive clouded leopards are associated with 

higher corticoid concentrations, implying these behaviors are indications of stress 
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(Wielebnowski et al. 2002). Additionally, a decrease in exploratory behavior (walking, 

sniffing and rubbing objects) in domestic cats (Felis catus) are correlated with higher 

corticoid levels in stressful environments (Wielebnowski et al. 2002). Results from these 

behavioral and endocrinal studies of captive individuals can be used to understand 

interactions that may occur among sympatric carnivore species in the wild. 

Observing captive individuals while simulating the presence of an intraguild 

species would give insight into intraguild interactions. The objectives of this study were 

to investigate intraguild interactions among three sympatric felid species (tiger, leopard 

and clouded leopard), using the behavior of captive individuals. I predicted that there 

were intraguild interactions between species of similar weight because they share a 

similar prey base. Therefore, I hypothesized that the dyads of tigers and leopards and 

leopards and clouded leopards would exhibit behaviors that reflect competitive 

interactions, whereas tigers and clouded leopards would not exhibit these behaviors due 

to a larger difference in body size. Finally I predicted that any competitive behaviors 

would be more prevalent in response to conspecifics than other species.  

Methods 

Study Animals 
Captive felids were observed at two facilities. The Smithsonian Conservation 

Biology Institute (SCBI) in Front Royal, Virginia, which housed clouded leopards (N=8), 

and the Exotic Feline Rescue Center (EFRC) in Center Point, Indiana that housed tigers 

(N=8) and leopards (N=8). Both facilities maintained the study animals off-exhibit, with 

regular feeding routines, and consistent keeper staff/husbandry practices, minimizing the 
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impact of outside environmental factors on behavior. Study animals were of reproductive 

age (4-16 years old) with intact reproductive systems and housed singly or with same sex 

individuals (Table 1). Two female leopards were housed together but observations were 

conducted singly by excluding one individual from the trial area. Observations were 

recorded (via Sony Handycam video recorder) between the hours of 0700 and 1400. 

Individual animals were recorded around the same time each day before the animals were 

fed,  in order to reduce variability in activity among observations. All clouded leopards 

were observed in their indoor enclosures and denied access to their outside area. Tigers 

and leopards were observed in their outdoor enclosure. Recordings at SCBI took place 

from May through June 2010 and were conducted by the author or staff members. At 

EFRC, observations took place in September 2010 and were recorded by the author. 
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Table 1. Data on individuals observed in a captive behavioral study. Missing data on leopard ages is due to lack 

of information on the individual at rescue. All individuals were of reproductive age at the time of the study. 

Tigers and leopards were observed at Exotic Feline Rescue Center and clouded leopards observed at 

Smithsonian Conservation Biology Institute. 

Species �ame Sex Age at Observation 

Tiger Kali Female 7 

Tiger Kya Female 7 

Tiger Princess Female 10 

Tiger Zoe Female 5 

Tiger Conan Male 14 

Tiger Pearl Jam Male 14 

Tiger Samo Male 12 

Tiger Storm Male 14 

Leopard Amber* Female - 

Leopard Bigura* Female - 

Leopard Kayla Female 9 

Leopard Sassy Female - 

Leopard Bubbles Male - 

Leopard Chester Male - 

Leopard Majae Male - 

Leopard Sahara Male 12 

Clouded Leopard Jao Chu Female 4 

Clouded Leopard JoGayle Female 7 

Clouded Leopard Nattie  Female 10 

Clouded Leopard Nellie Female 10 

Clouded Leopard Dao Male 6 

Clouded Leopard Hannibal Male 4 

Clouded Leopard Junior Male 16 

Clouded Leopard Xing Male 16 

* Animals housed together, all other individuals housed 

individually 
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Behavioral Observations 
To simulate intraguild interactions, felids were presented with feces and their 

behavioral response to the samples were recorded. Each day, individuals were presented 

with one of four treatments; fecal samples from the three species studied (e.g. tigers, 

leopards and clouded leopards) and one control sample (no fecal sample). Fecal samples 

were collected from adult males and female tigers, leopards and clouded leopards housed 

at each facility, which were not included in this study. All donor individuals had intact 

reproductive systems and were cleared by the veterinarian as healthy. Each fecal sample 

was collected fresh (within 24 hours of deposit), then frozen and thawed the day of use.  

Twenty four individuals were observed (Table 1) including four females and four 

males of each species. All fecal samples were placed inside a perforated container and 

attached to the outside of the individual’s cage at head height to allow for a clear camera-

view of the enclosure. The control sample was an empty perforated container that was 

attached to the cage like the other treatments. All four treatments were introduced to the 

animals in random sequence, with only one treatment presented to each felid per day. 

Three trials were completed for each study subject. The behavioral responses of the cats 

to the treatments were recorded for 15 minutes starting from the initial treatment 

placement on the cage. Each cat was observed for three hours total, with 24 hours of 

behavior for each species. 

All videos were scored for behaviors using a standard datasheet (Appendix I). 

When scoring the videos, the treatment was unknown to the author to eliminate bias. 

Long duration behaviors, or state behaviors, such as sitting or lying, were recorded by 

interval sampling every minute. Short duration behaviors, or event behaviors, such as 
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urinating or claw object, were recorded using continuous sampling. Definitions for the 

behaviors were derived from Fazio (2010) and modified for interaction behavioral 

research (Appendix II). 

Data analysis 
Each individual was observed three times for the same treatment; to avoid 

psuedoreplication the counts of behaviors performed towards each treatment were 

averaged for each individual. State behaviors “standing”, “sitting”, and “lying” were 

grouped together by summing the averaged count data and were referred to as “neutral 

behaviors” (Table 2) because they were not an active response to the treatment. Event 

behaviors used to investigate the treatment or surrounding habitat were grouped by 

summing the averaged count data and were referred to as “investigative behaviors” 

(Table 2). The state behavior “avoidance” was analyzed singly using the averaged count 

data for each individual. All grouping of the data were based on anecdotal knowledge and 

previous research (Ralls 1971, Mellen 1993, Wielebnowski et al. 2002). The count data 

from each of the three behavioral categories were analyzed to observe differences in the 

behaviors among the three species. The distribution of each behavior was tested for 

normality using a Shaprio-Wilk test (Shapiro and Wilk 1965). Using the species as the 

independent variable and the behavioral response (averaged count data per 15 minutes) as 

the dependent variable, each of the four treatments was tested with an analysis of 

variance (ANOVA) for each of the three behavioral categories. In instances where the 

normalcy assumption was violated, a t-Test was run on the remaining distributions to 

observe differences. All analyses were performed using SYSTAT 12 (2007) Software, 
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Inc (Chicago, Illinois): results were reported as mean ± standard error and significance 

was determined at p < 0.05. 

 

Table 2. A list of the behaviors observed and the total frequency (per 15 minute observation session) at which 

they occured (derived from raw count data).  For analysis purposes, the behaviors were placed into three 

categories: neutral (state behaviors),  investigative (event behaviors) and avoidance (state behavior) behaviors. 

Grouping Behavior Clouded 

Leopard 

Leopard Tiger 

Neutral Lying 807 830 737 

Sitting 205 91 28 

Standing 142 81 119 

Investigate Approach 142 120 101 

 Attack 2 0 2 

 Bite Object 0 1 14 

 Bite Trial 2 3 13 

 Claw Object 35 23 11 

 Claw Trial 0 7 3 

 Defecate 0 1 4 

 Flehmen 25 39 29 

 Lick Trial 1 0 2 

 Paw/Swat 4 0 0 

 Prusten 18 0 90 

 Roll 2 66 23 

 Rub on Object 43 144 96 

 Rub Trial 17 6 4 

 Sniff Object 201 250 167 

 Sniff Trial 145 149 120 

 Stare/Watch 7 1 0 

 Urinate 8 14 5 

 Urine Mark 0 28 117 

 Urine Scrape 0 47 1 

Avoidance Avoidance 1051 957 869 
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Results 
Normal distributions were found for all three behavioral categories except for the 

response of leopards to the control treatment for the neutral behaviors, the response of 

tigers to clouded leopard feces, and the response of leopards to tiger feces for the 

avoidance behaviors. These three treatments were not used in further analysis. Table 3 

displays the means, standard error, and results of analysis for the three behaviors and 

their treatments. 

 

Table 3. The mean ± standard error of behavioral responses (count/15 minutes) of each species observed to the 

four fecal sample treatments (clouded leopard, leopard, tiger and control). The F statistic represents the 

differences  among the three species observed for each treatment applied. Asterisks (*) denotes significant 

differences (p < 0.05). 

�eutral Behaviors 

Treatment Clouded Leopard Leopard Tiger F2, 21 

Clouded Leopard 12.00 ± 0.82 9.96 ± 1.80 8.92 ± 1.07 1.46 

Control 11.46 ± 1.06 10.58 ± 1.65° 9.75 ± 1.30 2.15 

Leopard 12.67 ± 0.72 10.08 ± 1.35 10.08 ± 1.35 1.60 

Tiger 5.88 ± 2.14 7.88 ± 2.34 8.79 ± 3.30 0.32 

Investigative Behaviors 

Clouded Leopard 5.45 ± 1.88 9.75 ± 3.25 7.33 ± 1.45 0.86 

Control 8.17 ± 2.25 9.71 ± 2.35 7.67 ± 1.78 0.11 

Leopard 7.67 ± 1.78 10.13 ± 2.80 7.88 ± 2.60 0.31 

Tiger 5.88 ± 2.14 7.88 ± 2.34 8.79 ± 3.30 0.32 

Avoidance Behavior 

Clouded Leopard 11.42 ± 1.19 8.71 ± 1.66 8.54 ± 1.49° 2.14 

Control 10.08 ± 1.15 9.67 ± 1.40 8.42 ± 1.24 0.63 

Leopard 11.54 ± 0.60 10.54 ± 1.10 9.58 ± 1.27 0.42 

Tiger 10.75 ± 1.11 10.96 ± 1.75° 8.67 ± 1.53 2.14 

°Non-normal distribution (F1,21) 

 

 



14 

 

Neutral behaviors were the highest in the clouded leopard species, with leopards 

and tigers exhibiting lower neutral behaviors (Figure 1). There were no significant 

difference among the three species observed and the treatments applied (treatments: 

clouded leopard p = 0.25, control p = 0.32, leopard p= 0.22 and tiger p = 0.73) (Table 3). 

Trends found within the species included, clouded leopard and leopards displaying less 

neutral behavioral responses to tigers than the other treatments (Figure 1), while tigers 

demonstrated lower responses to the clouded leopard and tiger treatments (Figure 1). 

These trends within species were not significant and were not tested for significance due 

to violations of parametric tests. 

 

 
Figure 1. Each species observed was presented with four treatments and the mean behavioral response (per 15 

mins) of neutral behaviors for each treatment is depicted above with standard error. 
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Clouded leopards had an overall low investigative behavioral response (Figure 2) 

compared to the leopard and tiger responses to the treatments, however there were no 

significant differences found among the species observed and the four treatments applied 

(treatments: clouded leopard p= 0.43, control p= 0.89, leopard p =0.73 and tiger p= 0.73) 

(Table 3). Trends were observed within species. Clouded leopards had a tendency to 

investigate tiger and leopard feces more than feces from their conspecific (Figure 2). 

Leopards displayed more investigative behaviors to clouded leopard and leopard 

treatments than tiger feces (Figure 2). Investigative responses demonstrated by tigers 

showed a trend to respond more to their conspecific fecal sample treatment the other 

treatments (Figure 2). These trends within species were not significant and were not 

tested for significance due to violations of parametric tests. 
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Figure 2. Each species observed was presented with four treatments and the mean behavioral response (per 15 

minutes) of investigative behaviors for each treatment is depicted above with standard error. 
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(Figure 3). These trends within species were not significant and were not tested for 

significance due to violations of parametric tests. 

 

 
Figure 3. Each species observed was presented with four treatments and the mean behavioral response of 

avoidance for each treatment is depicted above with standard error. 
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treatments were graphed, trends were observed within each species. These trends can 

provide insight into future captive studies, as well as possible intraguild interactions.  

Neutral behaviors showed a negative relationship with investigative behaviors 

(high neutral= low investigative) so only investigative behaviors will be discussed. The 

clouded leopards observed in this study exhibited trends of greater investigative 

behavioral responses toward leopards and clouded leopard fecal sample treatments. 

Solitary species, such as felids, rely on their extensive repertoire of signals (olfactory, 

visual and auditory) to communicate with conspecifics and other species regarding 

territories and reproduction (Ralls 1971, Mellen 1993). The investigative behaviors 

observed, included possible communicative responses, like urinating, spraying, smelling, 

rubbing, or rolling and therefore I interpreted an increase in these behaviors as increased 

communication/interactions. Leopards also showed a tendency to investigative feces from 

clouded leopards and leopards more than those from tiger or control.  

Furthermore, avoidance behaviors were observed to increase in clouded leopards 

with leopard and clouded leopard fecal sample treatments. The trends in the observed 

behaviors parallel trends found by Ngoprasert et al. (2012) in a camera trapping dataset 

where a negative interaction between clouded leopards and leopards was observed. 

Ngoprasert et al. (2012) also suggest that our original hypothesis of possible interactions 

between the dyad of clouded leopard and leopard species may be confirmed. Additional 

research with more individuals and a perhaps a different study design would likely 

further support the social dynamics between these two species. 
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Leopards showed reactions to both the clouded leopard and tiger fecal sample 

treatments. Investigative behaviors increased in leopards with clouded leopard fecal 

sample treatment; however, avoidance behaviors in leopards increased with tiger fecal 

sample treatment. The responses of leopards to the tiger fecal sample treatment are 

consistent with the results from the Seidensticker (1976) study. Tigers are the dominant 

carnivore species in Southeast Asia with known competitive interactions with leopards. 

Some research has shown that tigers can co-occur with leopards in areas of high prey 

abundance (Karanth and Sunquist 1995); however, most studies regarding tigers and 

leopard interactions have found that tigers competitively exclude leopards (Seidensticker 

1976, Odden et al. 2010, Harihar et al. 2011, Ngoprasert et al. 2012). I observed low 

investigative behaviors in leopards with the tiger treatment and high avoidance behaviors; 

therefore, my data suggest that leopards have a tendency to increase avoidance responses 

when the tiger treatment was applied. 

Evidence of interactions with conspecifics was seen throughout the study. 

Mammalian species will establish territories by urinating or defecating, and increase 

marking behaviors in a show of dominance over a conspecific (Espmark 1964, Ralls 

1971). Furthermore, behaviors such as cheek rubbing and clawing are known to be used 

to lay down and pick up olfactory signals involving estrus phases (Rieger 1979, Rieger 

and Walzthony 1979). Both leopards and tigers exhibited the highest investigative 

behaviors for fecal sample treatments of their conspecifics. Avoidance responses for 

conspecifics of each species were never observed as the lowest behavioral value. Support 

for interaction behaviors in response to conspecifics can be seen in this study; however, 
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we cannot conclude the magnitude or dominance of the interaction over other guild 

species. 

Future Studies 
There has been an increase in captive animal research for conservation (Mallinson 

2003); however, most of the research is focused on captive animal management and 

reproduction in endangered species (Wildt 1989, Wielebnowski 1998, Fazio 2010). The 

lack of significant results found in this study could be a results of the design of the study; 

by presenting each animal a choice among the four treatments I may have been able to 

better distinguish differences within individuals. Furthermore, knowledge about felid 

behaviors is limited and studies involving interactions may be difficult to properly design 

until we truly understand the species and their behaviors. For future captive studies 

investigating interactions, a better knowledge of the species individual behaviors and how 

to interpret them is pivotal. This study analyzed behavioral data using limited knowledge 

on species specific behaviors. Previous research has focused on guild level behaviors 

(Mellen 1993) with only a few instances of behavioral research conducted on the species 

level (MacKinnon 2008, Fazio 2010). Every species has its own natural history and 

behavior which should be studied and interpreted before we can conduct further 

behavioral studies on species interactions. Stress within captive animals is often a 

concern for the population (Wielebnowski 1998). Studies focusing on interpreting species 

specific stress signals within captive animals through endocrinal research can enhance 

our understanding of species responses to stimuli which can be applied to other studies 

such as intraguild interactions. Another possible focus in future captive interaction 
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studies would be interpreting avoidance behaviors like hiding, retreating/escaping, and 

use of the enclosure. Because many interactions result in avoidance of another species it 

is important to understand the signs of avoidance within each species. 

With unrelenting deforestation rates and an increasing focus on conserving 

ecosystems, it is important to peel apart the layers of an ecosystem to understand how 

they are built and held together (Estes 1996). One of these many layers is intraguild 

interactions. Focusing on understanding these interactions is vital when the goal is to 

preserve, conserve, and protect these species both in the wild and in captivity. Research 

focused on behavioral interpretations with applications in interactions is necessary to 

fully understand the ecology of these species in order to manage them properly. 
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CHAPTER 2: SURVEY FOR CAR�IVORE SPECIES I� SELECT THAILA�D 

RESERVES A�D EVIDE�CE FOR I�TRAGUILD I�TERACTIO�S 

Introduction 
Thailand is located within the Indo-Burma region and considered a biodiversity 

hotspot by Conservation International (Myers et al. 2000). Many species of carnivores 

occur within Thailand including representatives of the families Felidae, Canidae, Ursidae, 

Mustelidae, Viverridae and Herpestidae, but there is limited understanding of their 

natural history, ecology and distribution (Francis 2008). Unfortunately many of these 

species are now threatened or endangered making conservation efforts an important focus 

in this region (Jennings et al. 2011). Within the past decade scientists have shifted their 

focus from species-by-species to ecosystem conservation (Estes 1996, Linnell and Strand 

2000). This shift in conservation efforts places more of an emphasis on understanding 

ecosystems and communities, including interspecific interactions. Predator-prey 

interactions have been the focus of many studies within the past decades; however, little 

attention has focused on competitive interactions among predator species (Linnell and 

Strand 2000) even though these interactions are recognized as an important part of 

community structure (Creel and Creel 1996, Palomares et al. 1998).  

 Interspecific interactions affect both the community structure and natural 

populations of carnivores (Linnell and Strand 2000, Schuette et al. 2013). Structurally, 

interspecific interactions can impact a community temporally. Lynam et al. (2013) 
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described the differences in activity patterns among felids in Thailand. They found in 

several instances that felids of similar size and prey base are active at different times of 

the day. Spatially community structure reflects  interspecific interactions through 

avoidance behaviors. Avoidance has been documented in large carnivore interactions 

such as tiger (Panthera tigris)/leopard (Panthera pardus) and lion (Panthera 

leo)/leopard. Leopards, in both situations, are known to utilize edge habitat with lower 

prey densities, in order to avoid interactions with tigers and lions. A similar avoidance 

technique has been observed in cheetahs (Acinonyx jubatus), lions and spotted hyenas 

(Crocuta crocuta). Durant (1998) discovered that cheetahs avoid areas of high prey 

density in order to reduce possible interactions with lions and spotted hyenas. Regarding 

natural populations, interspecific interactions can affect prey selection, predation, and 

fitness (Caro 1994, Laurenson 1994, Creel and Creel 1996, Moreno et al. 2006). Moreno 

et al. (2006) investigated jaguar (Panthera onca) puma (Puma concolor) and ocelot 

(Leopardus pardalis) diets and found evidence for dietary shifts toward larger prey 

species when jaguars are absent, thus impacting the prey community and increasing 

fitness of pumas and ocelots. In Africa, lions are partially responsible for the decrease in 

cheetah populations due to intraguild predation on young (Caro 1994, Laurenson 1994). 

Spotted hyenas will follow African wild dogs (Lycaon pictus) in order to outnumber and 

steal their prey, resulting in a reduction of fitness of the wild dogs (Creel and Creel 

1996). 

One way to study interspecific interactions is to use experimental manipulation 

within a community and observe changes in spatial and temporal patterns (Palomares et 
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al. 1998). This approach can be difficult when working with threatened or endangered 

vertebrates; therefore, inferences through use of statistical tools are necessary. Palomares 

et al. (1998) used path analysis and structural equation modeling to investigate the co-

existence between Iberian lynx (Lynx pardinus) and Egyptian mongoose (Herpestes 

ichneumon) in Spain. These two analyses can be powerful tools but require a solid 

understanding of the natural history of the animal community. Extensive natural history 

information has been collected regarding the Iberian lynx and Egyptian mongoose, but is 

not available for most species, especially tropical species (Palomares et al. 1998).  

Occupancy modeling using presence-absence matrices has recently attracted 

attention from ecologists regarding species interaction questions. However, two main 

issues need to be addressed in order to utilize this approach. First, a complete census of 

all species is rarely realistic and an incomplete census can create false absences and affect 

the results and management decisions. Second, non-random patterns of species due to 

environmental covariates influence the interpretation of the results (MacKenzie et al. 

2004). A nested approach can be implemented to deal with species of low detection 

probability (Cam et al. 2000); however, this approach can only be applied when working 

with interactions of suites of species and cannot investigate individual interactions 

between species (Nichols et al. 1998). Presence-absence matrices for species interactions 

in a guild of 2-4 species can address both issues by considering all possible detection 

states for a species, while incorporating site and detection variables (MacKenzie et al. 

2004). A Species Interaction Factor (SIF) value and occupancy of each species can be 

calculated using this likelihood based framework.  
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I have investigated interspecific interactions among sympatric carnivore species 

in Thailand. Research regarding Viverridae and Mustelidae families in the region is 

lacking in the literature even though it is critical to conserve biodiversity (Grassman et al. 

2005a). Observing and understanding interactions among carnivore species in the wild is 

difficult, expensive and time consuming due to their typical nocturnal, solitary and 

elusive behaviors (Kiltie 1988, Gompper et al. 2006); therefore camera traps were used 

and presence-absence models applied. One of my main foci was to investigate 

interactions of carnivore species with a medium sized felid, clouded leopard (�eofelis 

nebulosa). Because clouded leopards are rare and difficult to capture on cameras, their 

feces were used to simulate the species presence at a site. I predicted that species of 

similar sizes, which utilize similar resources, would exhibit lower SIF values (the two 

species co-occur less than expected by chance) and avoid each other. Meanwhile, species 

that exhibited larger differences in body size, and which utilized different resources, 

would have higher SIF values (the two species co-occur more than expected by chance) 

and co-occur within an area. My hypotheses would only be predictivefor species that do 

not exhibit temporal segregation. 

Study Area 
Thailand is centered within the Indochina peninsula and has one of the most 

extensive systems of protected areas in Southeast Asia with 102 National Parks (48,000 

km
2
), 55 wildlife sanctuaries (36,000 km

2
) and 55 non-hunting areas (4,450 km

2
) (Figure 

3) (Lynam et al. 2006, 2013). There are two main forest types in Thailand: deciduous 

forest (mixed and dry dipterocarp) and evergreen (rainforest, monsoon and dry 
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evergreen) (Lynam et al. 2006). The four study areas selected for this research span 

across the central latitudes of Thailand, including: Ta Phraya National Park (594 km
2
) 

and Don Yai Wildlife Sanctuary (313 km
2
), located in eastern Thailand within the Don 

Phayayen- Khao Yai Forest Complex (UNEP and WCMC 2004); Khao Ang Rue Nai 

Wildlife Sanctuary (1000 km
2
), located in southeast Thailand; and Huai Kha Khaeng 

Wildlife Sanctuary (2,575 km
2
), located in the Western Forest Complex (Rabinowitz 

1989)  

Ta Phraya National Park (TP) (Appendix III) ranges from 120 - 300 m elevation 

and is situated on the eastern boundary of the Don Phayayen- Khao Yai Forest Complex, 

sharing a border with Cambodia and found within the Buri Ram and Sa Kaeo provinces 

(UNEP-WCMC and IUCN 2004a, IUCN and UNEP 2013). The majority of the park is 

covered by dry evergreen forest and experiences approximately 1,000 mm of rainfall per 

year (Lynam et al. 2006). Ta Phraya is bisected by two major roads (highway 348 and a 

Thailand military road 3308) and has a large area-to-boundary ratio which allows for 

easy access and high human impact on the park (Lynam et al. 2006). A mammal survey 

was conducted in TaPhraya from October 2009 to February 2010 with 62 camera 

locations surveyed. A second survey was conducted from December 2011 to February 

2012 and consisted of an additional 42 camera locations totaling 2,514 camera trap nights 

with 0.380 detections per camera night. 

Don Yai Wildlife Sanctuary (DY) (Appendix III) is located in the Don Phayayen- 

Khao Yai Forest Complex, northwest of Ta Phraya National Park with which it shares a 

boundary. The park lies within the Buri Ram province, with rainfall averaging 1,000 mm 
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per year and a habitat that consists of dry evergreen forest (Lynam et al. 2006). Don Yai 

is also dissected by highway 348 and has large agricultural/human influences on the 

border and within the park (UNEP-WCMC and IUCN 2004a, IUCN and UNEP 2013). A 

survey was conducted in the southwestern end of the park from February to March 2012 

with 21 camera locations totaling 629 camera trap nights with 0.616 detections per 

camera night. 

Khao Ang Rue Nai Wildlife Sanctuary (KARN) (Appendix IV) is located 150km 

southeast of Bangkok. It consists of two forest types: dry evergreen and mixed deciduous 

forest and experiences approximately 1200 mm of rainfall per year (Phoonjampa et al. 

2011). The northern end of the park is dissected by highway 3259 and the sanctuary 

spans five provinces (Chachoengsao, Chanthaburi, Chon Buri, Ravong and Sa Kaeo) 

(IUCN and UNEP 2013). A camera trapping survey was conducted from January to July 

2010 with 38 camera locations totaling 970 camera trap nights with 0.241 detections per 

camera night. 

Huai Kha Khaeng Wildlife Sanctuary (HKK) (Appendix V) is located northwest 

of Bangkok in the Western Forest Complex and found within the provinces of Tak and 

Uthai Thani. The park ranges from 250-1,678 m elevation and is comprised of many 

forest types including lower montane rain forest in higher elevations, dry evergreen and 

mixed deciduous in mid elevation, and dry dipterocarp in shallow soils and lower 

elevations (UNEP-WCMC and IUCN 2004b, IUCN and UNEP 2013). A survey for 

mammal species was conducted from November 2010 to April 2011 with 130 camera 

locations totaling 3.231 camera trap nights with 0.619 detections per camera night. 
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Figure 3. A map of Thailand with the four protected areas surveyed highlighted. 

 

Methods 

Camera Trap Data Collection 
Photographs were collected with infrared remote triggered cameras (Hyperfire 

Professional Model 75, RECONYX Inc., Holmen, WI). Camera locations were 

established in each reserve using park boundary and attribute layers within Arc GIS with 
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a 1km
2
 grid overlay (Povey et al. 2009). A random numbers table was used to select 

1km
2
 cells for camera placement. The center of the selected 1km

2
 cells was used to 

navigate rangers to camera sites. Cameras were set up within 100 meters of the cell center 

for approximately 30 days. The cameras were operational 24 hours/day with no delay 

between detections.  

A sub set of cameras at each park was baited with clouded leopard feces obtained 

from Khao Kheow Open Zoo in Chonburi, Thailand.  Fecal samples were collected from 

male and female animals deemed healthy by veterinarian staff and frozen until use in the 

field. Fecal samples were placed in front of the camera on either day one, or day 14 of the 

camera deployment; the placement and timing of the fecal samples was randomized. The 

placement of fecal samples in front of the camera simulated clouded leopard presence 

within the forest and was used as a covariate during the data analysis. 

Camera Trap Data Organization 
A capture event consisted of an animal detection at a camera location beyond one 

hour from the last detection of the same species (Kelly et al. 2008). Species identification 

was conducted by the author alone. Encounter histories were created for analysis in the 

program PRESENCE by collapsing daily records into 5-7 day blocks to make up a single 

encounter occasion, with a total of six encounter occasions for analysis (MacKenzie et al. 

2006, Kelly et al. 2008). Site covariates (Table 4) consisted of season, park, fecals, 

habitat type, distance to human, elevation, trap nights, small, medium and large prey 

species. Two survey covariates used in analysis were “detectability” and “effort”. 

Detectability was derived from the encounter occasions of each species. If a species was 
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detected in an encounter occasion, the probability of detecting the same species in a 

subsequent occasion was represented as 1. The survey covariate “effort” was the number 

of days pooled into each encounter occasion to produce an effort of surveying for that 

encounter history. 

 

Table 4. Descriptions of the covariates used to model carnivore species interactions within Thailand protected 

areas. Their use within the model as a detection or occupancy covariate is listed. 

Covariate Description Use 

Elevation The elevation of the camera from sea level in meters Occupancy 

Fecals 
Presence/absence of clouded leopard fecals were placed in front 

of the camera. 

Detection/ 

Occupancy 

Habitat 1- Dry 

Evergreen Forest
a
 

Composes the second diverse forest in SE Asia with a harsh dry 

season around 1,200-2,000mm of rainfall/year. Mainly found in 

low wide river valleys with moderately fertile soils with good 

water retention. 

Occupancy 

Habitat 2- Mixed 

Deciduous Forest
a
 

Composed of no dipterocarp species, with a harsh dry season 

around 1,000-1,800mm of rainfall/year. Mainly found from 100-

800 m elevation with fertile sandy/clay loam soils. 

Occupancy 

Habitat 3- Deciduous 

Dipterocarp Forest
a
 

Composed of 4 distinctive deciduous dipterocarp species, with a 

harsh dry season around 1000-1500 mm of rainfall/year. Mainly 

found in lowlands up to 900 m elevation with acidic/sandy soils. 

Occupancy 

Humans The distance to the nearest road Occupancy 

Park 1 Ta Phraya National Park Detection 

Park 2 Haui Kha Khaeng Wildlife Sanctuary Detection 

Park 3 Khao Ang Rue Nai Wildlife Sanctuary Detection 

Park 4  Don Yai Wildlife Sanctuary Detection 

Prey- Large Included presence/ absence of sambar, banteng, gaur, wild water 

buffalo, eurasian wild pig, and Asian tapir.  
Occupancy 

Prey- Medium Included presence/ absence of red muntjac, southern serow, pig-

tailed macaque, long-tailed macaque, and bear macaque. 
Occupancy 

Prey- Small 
Included presence/ absence of rodent species, northern treeshrew, 

Inodchinese ground squirrel, squirrel species and Oriental 

chevortain species. 

Occupancy 

Season 1 October 2009 to August 2010 Detection 

Season 2 November 2010 to April 2011 Detection 

Season 3 Demeber 2011 to April 2012 Detection 

Trap Nights Number of nights the camera was actively surveying a site Detection 

a 
McShea et al. 2011 



31 

 

 

 

Species selected for analysis 
To identify species dyads to analyze, we graphed minimum and maximum 

weights (kg) (Francis 2008) for each species to observe overlap (Figure 4). Dyads with 

and without overlapping weight ranges were selected from among the suite of species 

detected. We excluded park data where only one or both species were not detected. 

Relative abundances were calculated using number of detections per 100 camera trap 

nights. 

Single season, two species co-occurrence models 
I used a single season, two species co-occurrence algorithm in program 

PRESENCE v.6.1 to estimate the probability of each species’ occupancy and the Species 

Interaction Factor (SIF) (MacKenzie et al. 2004, 2006). A SIF (Phi ϕ) is the ratio of how 

much more or less likely the species are to co-occur at a site. A SIF value of 1 implies the 

species co-occur at a site independent of each other. A value less than one implies the 

species are less likely to occur at the site than if distributed independently (avoidance) 

and a value greater than one implies the species are more likely to occur at the site than if 

distributed independently (co-occurrence) (MacKenzie et al. 2004, 2006).   

Six covariates were tested for their effect on the detection model parameters (i.e. 

feces, park, season, trap nights, detectability and effort). Akaike’s Information Criterion 

(AIC) was used to identify the variables that most affected the detection probability. 

These detection covariates were held constant throughout the occupancy modeling. Five 
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variables were used to model the occupancy parameters (i.e. feces, elevation, habitat (1,2, 

or 3), humans and prey size (small, medium or large)). Due to the abundance of candidate 

models, each variable first was inserted into the model individually. The individual model 

with the best (lowest) AIC was selected and run sequentially with all combinations of the 

remaining variables. If the combination of the two variables did not have a more 

parsimonious AIC than the single variable model, then the single variable model was 

retained. If the combination of the two variable models exceeded the best single variable 

model, this two variable model was sequentially run with all combinations of the 

remaining variables until the most parsimonious model was determined. If any model had 

a ΔAIC of less than two from the top model then we determined the covariate weights 

and retained the variables with model weights > 50%. 

Temporal analysis 
To investigate possible temporal avoidance within the dyads, the number of 

detections during the day-time (0800 – 1659 hours), night-time (2000 – 0459 hours) and 

crepuscular hours (500 – 759 and 1700 – 1959 hours) were used to determine overlap in 

activity. Day and night hours were determined based on activity analysis in Lynam et al. 

(2013) and crepuscular hours were created by adding one hour before and after the day to 

night (1800 hours) and night to day (0600 hours) time change. The proportion of 

detections in each time period was determined for each species. The proportion of 

detections for species A was used to determine the expected proportion of detections for 

species B. A chi square test was used to determine differences in temporal activity 

between the dyads. 
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Results 
Twenty-three species of carnivores (Appendix VI) were detected during the 

survey period and spanned the families of Felidae, Canidae, Ursidae, Mustelidae, 

Viverridae and Herpestidae. The total number of unique detections ranged from one, 

Oriental Small-clawed Otter (Aonyx cinerea) to 88, Large Indian Civet (Viverra zibetha). 

Models where the total numbers of detections was less than 10 or models where there 

were large differences in detections between the species, did not converge and therefore 

were not used in analysis. Thus I was able to model seven dyads of carnivore species 

(Table 5) based on detections and weights (Figure 4). 
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Figure 4. The minimum and maximum weights for the carnivore species detected within the study. Weights in 

black refer to the left y-axis and weights in blue refer to the right y-axis. 
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Table 5. Species dyads used to investigate interactions in carnivores species including the data used to model the 

species and the variables used in the top model for detection and occupancy. 

Species 1 Species 2 Weights 

Park Data 

Used 

Occupancy 

Variables Used 

Detection 

Variables Used 

Tiger  Leopard 
No 

Overlap 
HKK 

Large Prey + 

Habitat 1 + 

Habitat 2 

Effort Panthera tigris Panthera pardus 

Dhole Golden Jackal No 

Overlap 
HKK &TP 

Small, Medium 

and Large Prey 
Effort 

Cuon alpinus Canis aureus 

Large Indian 

Civet 

Common Palm 

Civet No 

Overlap 

HKK, TP and 

DY 
Medium Prey 

Effort + Park 

1+ Park 2 Viverra zibetha Paradoxurus 
hermaphroditus 

Leopard Cat Large Indian Civet 
No 

Overlap 

HKK, TP and 

DY 
Medium Prey Effort + Park 2   Prionailurus 

bengalensis 

Viverra zibetha 

Leopard Leopard Cat 
No 

Overlap 
HKK Medium Prey 

Effort + 

Detectability + 

Trap nights 
Panthera pardus Prionailurus bengalensis 

Small Indian 

Civet 

Small Asian 

Mongoose Overlap TP Medium Prey Detectability 
Viverricula indica Herpestes javanicus 

Leopard Cat Common Palm 

Civet 
Overlap 

HKK, TP, 

KARN and DY 
Small Prey 

Effort + Park 

2+ Park 3 + 

Park 4 
Prionailurus 
bengalensis 

Paradoxurus 
hermaphroditus 

 

 

The important covariates for the tiger (Panthera tigris) and leopard (Panthera 

pardus) dyad were the presence of large prey, dry evergreen (DE; Habitat 1) and mixed 

deciduous (MD; Habitat 2) forests. Occupancy and Phi values for each co-occurrence 

state were estimated (Table 6). Locations where large prey species were not detected had 

a low occurrence and the model’s standard error could not be estimated. The model Phi 

values indicated that when large prey were detected in MD or deciduous dipterocarp 

habitats (DD) (ϕ in MD = 2.16± 0.38 SE, ϕ in DD= 1.66± 0.47) the species co-occurred. 
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When large prey were detected in DE habitat, the species were independent of each other 

(ϕ= 0.65± 0.52). The relative abundance per 100 cameras nights of tiger in DE, MD, DD 

are 1.25, 1.32, 2.09, respectively and the relative abundance of leopards are 0.00, 2.37 

and 0.56, respectively. Large prey relative abundance is similar for DE and MD but 

higher for DD (Table 7). Temporal data showed that tigers are active the most at night 

while leopards highest activity was during the day-time and crepuscular hours. There was 

a significant difference found between the activity of tigers and leopards (p < 0.001) 

(Table 8).  

  



37 

 

 

Table 6. Variables used to model Tiger/Leopard and Dhole/Golden Jackal interactions. Occupancy parameter 

estimates Phi, Psi A and Psi B ± SE are listed with the three different variables used within the model. 

Tiger (A) and Leopard (B) Model Results 

Variables Parameter Estimates 

Large 

Prey Habitat 1 

Habitat 

2 ϕ Ψ
A
 Ψ

B
 

0 0 0 0.27± 0.00* 0.055± 0.00* 0.049± 0.00* 

0 1 0 0.10± 0.00* 0.022± 0.00* 0.020± 0.00* 

0 0 1 0.35± 0.00* 0.071± 0.00* 0.063± 0.00* 

1 0 0 1.66± 0.47 0.26±0.063 0.23± 0.055 

1 0 1 2.16± 0.38 0.31±0.056 0.29± 0.059 

1 1 0   0.65± 0.52 0.12± 0.81 0.11± 0.074 

Dhole (A) and Golden Jackal (B) Model Results 

Variables Parameter Estimates 

Small 

Prey 

Medium 

Prey 

Large 

Prey ϕ Ψ
A
 Ψ

B
 

0 0 0 0.47± 0.63 0.024± 0.025 0.018± 0.019 

0 0 1 1.31± 1.52 0.066± 0.053 0.049± 0.041 

0 1 1 3.10± 2.43 0.14± 0.062 0.11±0.052 

1 1 1 1.71± 1.55 0.085± 0.041 0.064± 0.033 

1 1 0 0.61±0.71 0.032±0.026 0.024±0.020 

1 0 0 0.26±0.35 0.013± 0.014 0.010±0.010 

0 1 0 1.11± 1.27 0.057± 0.049 0.042± 0.038 

1 0 1   0.72± 0.92 0.037± 0.033 0.028± 0.025 

* Model couldn't estimate standard error 
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Table 7. The relative abundances (per 100 camera nights) of tigers, leopards, large and medium prey species 

found in Huai Kha Khaeng Wildlife Sanctuary. 

Carnivores 

Species 

Dry 

Evergreen 

Mixed 

Deciduous 

Deciduous 

Dipterocarp 

Tiger (Panthera tigris) 1.25 1.32 2.09 

Leopard (Panthera pardus) 0.00 2.37 0.56 

Large Prey 

Asian Tapir  (Tapirus indicus) 2.82 0.55 0.14 

Banteng (Bos javanicus) 0.00 3.24 4.32 

Eurasian Wild Pig (Sus scrofa) 9.09 8.25 13.65 

Guar (Bos gaurus) 0.94 2.69 4.04 

Sambar (Rusa unicolor) 15.67 12.26 16.85 

Wild Water Buffalo (Bubalus bubalis) 0.00 0.05 0.00 

Large Prey Group 28.53 27.03 39.00 

Medium Prey 

Bear macaque (Macaca arctoides) 0.00 0.05 0.28 

Chinese Serow (Capricornis 

milneedwardsii) 

0.00 0.00 0.00 

Long-tailed Macaque (Macaca 

fascicularis) 

0.31 0.36 0.00 

Pig-tailed Macaque (Macaca leonina) 0.94 0.59 0.00 

Red Muntjac ( Muntiacus muntjak) 7.21 9.48 11.00 

Medium Prey 8.46 10.48 12.40 
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Table 8. The number of detections (proportion of time) during day, night and crepuscular hours and the chi 

square test results for each dyad modeled. For dyads with too few detections, the chi square value could not be 

detected. 

Weights Species 
Detections 

during the day 

hours 

Detections 

during the 

night hours 

Detections 

during 

crepuscular 

hours  χ
2 

(2) 

No 

Overlap 

Tiger 10 (0.22) 27 (0.59) 9 (0.19) 
34.81*** 

Leopard 18 (0.31) 13 (0.23) 26 (0.46) 

            

No 

Overlap 

Dhole 12 (100) 0 (0)  -  
_ 

Golden Jackal 2 (0.14) 12 (0.86)  -  

            

No 

Overlap 

Large Indian Civet 0 (0) 64 (0.73) 24 (0.27) 
10.09*** 

Leopard Cat 4 (0.07) 31 (0.60) 17 (0.33) 

            

No 

Overlap 

Large Indian Civet 0 (0) 64 (0.73) 24 (0.27) 
1.71 

Common Palm Civet 0 (0) 51 (0.78) 14 (0.22) 

            

No 

Overlap 

Leopard  18 (0.31) 13 (0.23) 26 (0.46) 
39.18*** 

Leopard Cat 3 (0.09) 23 (0.68) 8 (0.23) 

            

Overlap 

Small Asian 

Mongoose 20 (100) 0 (0) 
 -  

 _  
Small Indian 

Mongoose 0 (0) 6 (100) 
 -  

            

Overlap 
Leopard cat 4 (0.07) 33 (0.61) 17 (.32) 

10.47*** 
Common Palm Civet 0 (0) 52 (0.79) 14 (0.21) 

* p < 0.05 

** p< 0.01 

*** p< 0.001 

 

 

Model Phi values for dhole (Cuon alpinus) and golden jackal (Canis aureus) 

interactions indicate that the two species were independent (ϕ = 1) in all prey scenarios 
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except when only small prey was detected (ϕ= 0.26 ± 0.35). The temporal data show a 

distinct separation of activity with 100 percent of the dhole activity during the day hours 

and 86 percent of the jackal activity during night hours. Due to low detections of both 

species, a chi square test could not be applied (Table 8). Dyads in which large Indian 

civets (Viverra zibetha) were paired with smaller carnivores (large Indian civet/common 

palm civet (Paradoxurus hermaphrodites) or large Indian civet/leopard cat (Prionailurus 

bengalensis)) the two species co-occurred when medium prey were detected (ϕ= 1.32± 

0.30 and 1.23± 0.23, respectively) (Table 9) and avoided each other when medium prey 

were not detected (ϕ= 0.60± 0.25 and 0.29± 0.13, respectively). Temporally, large Indian 

civets, leopard cat and common palm civet’s activity was highest during the night hours 

with a significant difference (p < 0.001) in activity found between the large Indian civet 

and leopard cat  and no significant difference (p > 0.05) in activity between the large 

Indian civet  and common palm civet (Table 8). The final dyad for species whose weights 

do not overlap were leopard and leopard cat. The best model for both species involved 

the detections of medium prey; however, when medium prey could not be detected, the 

model could not estimate the standard error (low occurrence of the variable). When 

medium prey was detected, the distribution of the species was independent (ϕ= 0.89± 

0.31) (Table 9). Activity patterns of these two species were determined to be significantly 

(p < 0.001) different with leopard activity highest in the crepuscular hours (46%) and 

leopard cats activity highest during the night-time hours (68%) (Table 8). 

For the dyads in which species weight overlapped (leopard cat/common palm 

civet and small Indian civet (Viverricula indica)/small Asian mongoose (Herpestes 
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javanicus)), evidence for co-occurrence was found between the dyad of leopard cat and 

common palm civet (ϕ= 1.4243± 0.3758) when small prey were detected, otherwise the 

distribution of the species were independent of each other (ϕ= 1) (Table 9). One hundred 

percent of the observations of the small Asian mongoose were during the day-time hours, 

while 100 percent of the small Indian civet observations were during the night-time hours 

(Table 8). Over fifty percent of the leopard cat and common palm civet activity was 

observed during the night hours; however there was a significant difference (p < 0.001) 

found in activity patterns between the two species.  (Table 8). 
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Table 9. Varible used to model Large Indian Civet/Common Palm Civet,  Leopard Cat/Common Palm Civet, 

Leopard Cat/Large Indian Civet, Leopard/Leopard Cat and Small Indian Civet/Small Asian Mongoose 

interactions. Occupancy parameter estimates Phi, Psi A and Psi B are listed with the three different variables 

used. 

Large Indian Civet (A) and Common Palm Civet (B) Model Results 

Variable Parameter Estimates 

Medium Prey ϕ Ψ
A
 Ψ

B
 

0 0.60± 0.25 0.19± 0.055 0.15± 0.045 

1 1.32± 0.30 0.34± 0.055 0.28± 0.047 

Leopard Cat (A) and Large Indian Civet (B) Model Results 

Variable Parameter Estimates 

Medium Prey ϕ Ψ
A
 Ψ

B
 

0 0.29± 0.13 0.12± 0.043 0.13±0.049 

1   1.23± 0.23 0.36± 0.059 0.40± 0.061 

Leopard (A) and Leopard Cat (B) Model Results 

Variable Parameter Estimates 

Medium Prey ϕ Ψ
A
 Ψ

B
 

0 1.88± 0.00* 0.51± 0.13 0.50± 0.13 

1   0.89± 0.31 0.33± 0.080 0.33±0.074 

Small Indian Civet (A) and Small Asian Mongoose (B) Model Results 

Variable Parameter Estimates 

Medium Prey ϕ Ψ
A
 Ψ

B
 

0 1.65± 1.31 0.17± 0.88 0.36± 0.14 

1   0.56± 0.54 0.065± 0.038 0.16± 0.079 

Leopard Cat (A) and Common Palm Civet (B) Model Results 

Variable Parameter Estimates 

Small Prey ϕ Ψ
A
 Ψ

B
 

0 0.80± 0.31 0.26± 0.064 0.23± 0.057 

1   1.42± 0.37 0.39± 0.076 0.35± 0.070 

* Model couldn't estimate standard error 

 

 

Discussion 
Tiger and leopard interactions have been the focus of many interspecific 

competition interaction studies (Seidensticker 1976, Seidensticker et al. 1990, Karanth 
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and Sunquist 1995, Harihar et al. 2011). Seidensticker et al. (1990) and Odden et al. 

(2010) found that tigers competitively exclude leopards in Chitwan and Bardia National 

Park, Nepal. Karanth and Sunquist (1995) found that the two species co-occur in areas of 

India when prey availability is not limited. Similar to those studies, our data suggest that 

tigers and leopards co-occur in areas where there is high prey abundance; however there 

is evidence for temporal avoidance between the two species. Steinmetz et al. (2013) 

shows leopards of Kuiburi National Park, Thailand, avoiding tigers temporally and at a 

fine scale, spatially. Given that these species share a common prey base the temporal and 

sometimes spatial avoidance of leopards demonstrates their ability to facilitate 

coexistence under possible intraguild predation (Holt and Polis 1997, Steinmetz et al. 

2013). If prey species abundances decline the costs of partitioning resources spatially and 

temporally will increase and potentially leading to increased intraguild predation and 

population changes (Steinmetz et al. 2013). 

I predicted increased co-occurrence (high SIF values) for species with little to no 

overlap in body size due to a difference in resource exploitation. For dyads with no body 

size overlap, we found an interesting avoidance interaction between the species when the 

prey of the larger of the two species was not detected. In the dyad of dhole and golden 

jackal, all three sized prey species were seen in the best model. All combinations of prey 

detection showed independence in the distribution of the two species, except when only 

small prey was detected, and then the two species demonstrated avoidance. I observed 

dholes as having strong diurnal activity pattern and jackals with strong nocturnal patterns. 

The diurnal activity of the dhole is likely due to avoidance of tigers and intraguild 
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predation (Steinmetz et al. 2013) and explains the independence seen in the models when 

there was abundant prey species. However, when the preferred prey species of dhole (50-

100kg) (Karanth and Sunquist 1995) are not detected, the model indicates avoidance 

between the species implying dhole shift their efforts to smaller prey and they begin to 

compete with jackals.  

In the dyads of large Indian civet with both the leopard cat and common palm 

civet, medium prey was an important covariate in the best model. In both dyads, where 

medium prey was detected the two species co-occur; however, when medium prey is not 

detected I found evidence of avoidance. In the dyad of large Indian civet and leopard cat, 

a significant difference in activity was observed. Leopard cats and large Indian civets 

were both strongly nocturnal, however the leopard cat had higher activity during the 

crepuscular hours which are similar results to the study of Lynam et al. (2013). Both of 

these species do not utilize a medium prey resource (Joshi et al. 1995, Rajaratnam et al. 

2007) but they both are susceptible to intraguild predation from large carnivores. The co-

occurrence seen when medium prey is detected is most likely an avoidance of leopards 

and tigers, which hunt medium prey pressuring the species into the same habitats. I would 

suggest that where medium prey are not detected that the species avoid each other 

spatially and temporally due to their shared resource of small prey. A similar interaction 

is occurring in the dyad of large Indian civet and common palm civet. Civet species are 

omnivorous with their diet mainly consisting of fruits, not medium prey. A previous 

study has shown that civet species are nocturnal to avoid intraguild predation from larger 

carnivore species (Joshi et al. 1995). The temporal analysis showed a strong nocturnal 
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activity pattern for both species with no significant difference between the active periods. 

I suggest, spatially these species have a similar relationship as the large Indian civet and 

leopard cat, with a top-down pressure from larger carnivores that prey on medium prey, 

and when medium prey are not detected a bottom-up influence on their distribution based 

on fruiting trees produces an avoidance result. 

Medium prey species was the best model for the dyad of leopard and leopard cat; 

however the interaction term did not converge in the models when prey was not detected. 

This corresponds with the previous results of tiger and leopard, where leopard occupancy 

and interaction factors could not be estimated when prey species were not detected. When 

medium prey species were detected, independence was observed between the two 

species. Independence was likely observed because the difference in weights between 

these species (Leopard: 45-65kg; leopard cat: 3-5kg) (Francis 2008). The weight 

difference is greater than those of the other species modeled; and therefore, the preferred 

prey does not overlap and the species act independently from one another. Temporally, a 

significant difference in activity period was seen possibly implying a top-down intraguild 

pressure on leopard cats, but this avoidance was only observed in the temporal data. 

Two dyads were modeled in which weights overlapped, leopard cat/ common 

palm civet and small Indian civet/small Asian mongoose. Small Indian civets and small 

Asian mongoose also overlap in weight and the best model used included medium prey. 

In either scenario of medium prey detection, the species were independent of one another. 

Two different scenarios could be suggested from these results. First, medium prey 

provided the best model for these two species, which neither of them utilizes. This could 
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suggest an interaction with larger carnivores which prey on medium prey. Second, the 

independent interactions with and without medium prey suggested reduced interaction 

which is most likely due to the significant difference in activity patterns seen between 

these species. The small Indian civet is larger but primarily nocturnal (Jennings and 

Veron 2009), while the small Asian mongoose is diurnal (Gilchrist et al. 2009). These 

results support the conclusions of Jennings and Veron (2011) that demonstrated an 

overlap in distributions and prey species, but also concluded reduced interaction due to 

activity patterns. The second over lapping weight dyad of leopard cat and the common 

palm civet were observed to co-occur when small prey were detected and were found to 

be independent when small prey were not detected. The leopard cat’s diet consists of 

small mammals, large insects, reptiles, and amphibians, whereas the common palm 

civet’s diet consists of small mammals, mollusks and fruit (Francis 2008). This dyad of 

species shares a resource of small mammals and are detected more than random at 

locations when small mammals are detected, but otherwise the diet of the species allows 

them to act independently of the other spatially. Temporally the species activity is mainly 

nocturnal (Joshi et al. 1995, Lynam et al. 2013) but a difference in activity was observed 

and is likely interpreted as civets foraging at night to avoid intraguild predation (Joshi et 

al. 1995) and leopard cats foraging at night and in the crepuscular hours when Muridae 

species are the most active (Rolls et al. 2006). 

Prey species and habitat were the most common variables in the best models for 

all species modeled, emphasizing their importance in the conservation of these carnivore 

species. Covariates modeled but not found in the best model do not mean that these 
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variables are not important to each species’ natural history. Elevation, for example, is 

important in niche partitioning for the large Indian civet and large spotted civet (Viverra 

megaspila) (Jennings and Veron 2011); however, it was not found in the best model in 

our study of interactions of large Indian civet with leopard cat and common palm civet. 

Human influences affect the occupancy of carnivore species in Africa (Schuette et al. 

2013) but were not found in the best models for Southeast Asian carnivore species 

interactions. The lack of human influences in the models leads to two conclusions. First, 

human influences do not explain the interactions seen among the species modeled or 

second, the distance to road measure, used to gauge human impact is not a good indicator 

of human influence on the species. I support the first conclusion, that human impact does 

not explain the interactions of the species modeled, and therefore this variable was not 

seen in the best model. The clouded leopard feces placed in front of the camera as a 

simulation of clouded leopard presence was also not seen in the best models for this 

interaction study. These results imply that the captive clouded leopard fecals (simulated 

presence) do not influence the interactions of the species modeled. The next step of this 

research idea would be to model each individual species to observe the influence the 

feces has on their detection and occupancy. This might provide better insight into the 

interactions between clouded leopards and other sympatric carnivore species. 

This study focused on understanding interspecific interactions among carnivore 

species in Southeast Asia as a means to providing better input into management 

decisions. The ability to model many of the carnivore dyads was restricted due to 

limitations in the data (too few detections). Many of the results found suggested 
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interactions of possible intraguild predation from large carnivores on the civet and 

leopard cat populations. Investigating these interactions could further explain the 

complexities of the carnivore community. Another step to further the study on 

interactions in carnivores would be to investigate the instances where avoidance is 

observed to see which species are submissive (avoiding) and which are dominant. 

Knowing the dynamics around avoidance will assist with management decisions focusing 

on preserving biodiversity. More data, especially of the rarer carnivore species, will allow 

us to fully understand the interspecific competition interactions in carnivore 

communities. Species such as the clouded leopard (�eofelis nebulosa), Asian golden cat 

(Pardofelis temminckii), and jungle cat (Felis chaus) are extremely rare and are of 

conservation concern because their populations are declining and little is known about 

behaviors and distribution (Duckworth et al. 2008, Sanderson et al. 2008, 2012). Camera 

trap studies conducted specifically for these species can inform scientists of distribution, 

abundances, and interactions. The results of this study support the importance of 

protected areas and maintaining biodiversity within them. Many of the relationships 

modeled here suggest that as resources are reduced, through habitat loss or prey base 

reduction through poaching, resources are partitioned and competitive interactions 

become more frequent. Understanding interactions is needed to help support the creation 

and preservation of protected areas in order to save biodiversity.  
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APPE�DIX  

 

Appendix I. Datasheet used to record behavioral data 

 

Observer: Date: Time: start: end:

Animal: Round: Treatment: 

Weather:

Time to initial approach Seconds

Total # of approaches

Total time spent interacting with object

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 Total 

Lying

Sitting

Standing

Walking

Running

Pacing

Patrolling

Out of Site

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 Total 

Approach

Attack

Avoidance

Bite 

Claw

Claw Object

Defecate

Flehmen

Flinch

Groom

Growl/hiss trial

Lick Trial

Meow/cry

Paw/Swat

Prusten

Retreat

Roll

Rub on object

Rub Trial

Stare/watch

Sniff Trial

Sniff object

Urinate

Urine Mark

Urine scrape

Urine Walk

Escape

Behavioral States - recorded at the end of every minute from the time of initial response

Behavioral Events - recorded continuously from the time of initial introduction
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Appendix II. The ethogram used to score behavioral data 

Behavioral Responses (behaviors recorded once for each trial): 

Time to approach TIA 

Amount of time in seconds for the cat to 

first approach within 3 body lengths of the object 

and interact.  By interact any behavior including, 

retreat, rub, hiss, sniff, swat etc.   

Time spent interacting TSI 

Total time in seconds the cat spent interacting with 

the object.  Time ended when the animal stepped 

away.  Time was ended after 5 seconds of last 

interaction if animal did not step away. 

Behavioral States (behaviors that usually occur for longer time periods) 

Lying LY 
Cat lies in horizontal reclining position, cat may or 

may not be asleep 

Sitting SIT 
Cat sitting on hindquarters in upright position with 

forelegs braced  

Standing ST 
Cat remains motionless while in upright position on 

all four feet 

Walking WA 

Cat walks at a moderate pace in a directed manner 

towards something (can coincides with pacing and 

patrolling)    

Running RU Cat moves swiftly (can coincide with pacing) 

Pacing (P) PA 

Cat walks or runs back and forth in a repetitive, 

non-directed pattern (stereotypic movement) must 

repeat movement 3X and the cat will not be 

performing other behaviors (i.e. sniffing, urinating 

etc.) 

Patrolling PAT 

Cat walks around enclosure in a calm and deliberate 

manner, usually in a somewhat repetitive pattern 

around the perimeter, and often includes some 

investigative behavior or urine marking. Varies 

from Pacing in that the same pattern is not followed 

3x. 

Out of Sight OOS Cat is out of view from the observer 

Behavioral Events (behaviors that are usually of a relatively short duration) 

Approach AP 

Animal moves toward object within 3 body lengths, 

and interacts with it in some way (i.e. sniff, paw 

etc.). Animal must move away from object for 3 or 

more seconds for it to count as a new approach. 

Attack AT 

Animal moves swiftly towards an object with 

hostility with more than 2 of the following hostile 

identifiers: ears pinned back, growling/hissing, 

showing of teeth, engaged claws. 

Avoidance AV 
Animal’s position/location in regards to trial is 

greater than 3 body lengths. 
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    Bite  . BI Cat uses teeth to move, tear or rip an object 

Claw CL Cat scratches object, often wood, with front claws 

Claw Object CO Cat attempts to investigate/grab study object 

Defecate DEF Animal defecates 

Flehmen FLE 

Open-mouthed grimace, often with curled upper lip, 

tongue may or may not protrude out of mouth.  This 

behavior is usually seen after cat sniffs urine, feces 

or body of another cat 

Flinch FLIN 

Cat begins to approach or sniff an object and then 

abruptly stops and moves backward.  This may be 

accompanied with the raising of a paw. 

Groom GR Cat cleans itself by licking 

Growl/hiss GH 

Growl is a low-pitched throaty rumbling 

sound; hissing is a rapid expulsion of air, 

teeth exposed and nose wrinkled.   

Lick Trial LT Cat touches tongue to trial sometimes followed by 

Flehman 

Meow/cry MC 
Either short high-pitched meow call, or loud 

extended crying call. 

Paw/Swat PS 
Cat uses forepaws to tap or strike an object– 

occasionally this occurs without making any 

physical contact with the object. 

Prusten PR 

Soft expulsion of air through lips, similar to 

snorting in horses.  Cat may raise muzzle while 

vocalizing.   

Retreat RT 

Animal quickly moves away from the 

object in a submissive manner (hind end down, tail 

down) and may glance back, pause or stare at object 

while retreating 

Roll ROL 
Cat rolls on back and rubs back against the ground, 

rolling back and forth 

Rub object  RBO 

Cat rubs on an object (e.g., fence, log, etc.) 

with cheek or head and may continue rubbing along 

entire length of its body 

Rub Trial RBT 
Cat rubs on an trial with cheek or head and may 

continue rubbing along entire length of its body 

Stare/Watch SW 
Animal stares or watches trial from a stationary 

position (sitting, standing, lying) 

Sniff Trial SNT Cat sniffs the trial object with its nose 

Sniff Object SNO Can sniffs anything other than the trial object 

Urinate UR 
Animal urinates normally, without obvious marking 

intended in a sitting position. 

Urine mark UM 
Animal lifts tail to spray or mark object or area in a 

standing position. Can be within patrolling session. 

Urine scrape US 
Cat shifts hind legs back and forth in the squatting 

position while urinating 

Urine walk UW Cat urinates in the standing position usually 
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combined with walking. 

 

Escape 

 

ES 

Cat attempts to exit enclosure through door leading 

to outdoor enclosure. Only applies to clouded 

leopard subjects. 

 

 

 
Appendix III. Protected areas Ta Phraya �ational Park and Don Yai Wildlife Sanctuary and the locastions of 

the cameras placed within each area. 

 

 



53 

 

 
Appendix IV. The protected area Khao Ang Rue �ai Wildlife Sanctuary and the locations of the cameras placed 

withing the sanctuary. 
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Appendix V. The protected area Huai Kha Khaeng Wildlife Sanctuary and the locations of the cameras placed 

within the sanctuary.  
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Appendix VI. The list of species detected and the number of detections within each protected area surveyed. 

Species 

Huai Kha 

Khaeng 

WS 

 Ta 

Phraya 

NP 

Khao Ang 

Rue Nai 

WS 

Don 

Yai 

WS Total 

Tiger 48 0 0 0 48 
Panthera tigris 

Leopard 56 0 0 0 56 
Panthera pardus 

Clouded Leopard 0 1 0 0 1 
�eofelis nebulosa 

Marbled Cat 0 1 1 0 2 
Pardofelis marmorata 

Asian Golden Cat 2 0 0 0 2 
Pardofelis temminckii 

Leopard Cat 34 16 2 2 54 
Prionailurus bengalensis 

Spotted Linsang 0 1 0 0 1 
Prionodon pardicolor 

Domestic Dog 0 7 2 0 9 
Canis lupus familiaris 

Dhole 11 1 2 0 14 
Cuon alpinus 

Golden Jackal 12 2 0 0 14 
Canis aureus 

Asian Black Bear 5 3 1 8 17 
Ursus thibetanus 

Sun Bear 5 4 0 3 12 
Helarctos malayanus 

Large-spotted Civet 5 0 2 0 7 
Viverra megaspila 

Large Indian Civet 80 4 0 4 88 
Viverra zibetha 

Small Indian Civet 2 7 2 0 11 
Viverricula indica 

Common Palm Civet 45 18 1 1 65 
Paradoxurus hermaphroditus 

Masked Palm Civet 2 0 0 0 2 
Paguma larvata 
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Yellow-throated Marten 11 13 1 0 25 
Martes flavigula 

Small/Large-toothed Ferret 

Badger 2 5 0 0 7 
Melogale moschata/personata 

Hog Badger 30 0 4 0 34 
Arctonyx collaris 

Oriental Small-clawed Otter 1 0 0 0 1 
Aonyx cinerea 

Small Asian Mongoose 0 20 0 0 20 
Herpestes javanicus 

Crab-eating Mongoose 14 0 0 1 15 
Herpestes urva 

Rodent Species 31 261 18 36 346 
Order Rodentia 

Northern Treeshrew 8 38 0 0 46 
Tupaia belangeri 

Indochinese Ground Squirrel 4 85 1 14 104 
Menetes berdmorei 

East Asian Porcupine 81 9 7 4 101 
Hystrix brachyura 

Asian Brush-tailed Porcupine 5 19 3 15 42 
Atherurus macrourus 

Greater/Lesser Oriental 

Chevrotain 0 53 5 15 73 
Tragulus napu/kanchil 

Red Muntjac 310 62 23 10 405 
Muntiacus muntjak 

Southern Serow 0 7 1 0 8 
Capricornis milneedwardsii 

Sambar 440 0 1 21 462 
Rusa unicolor 

Banteng 102 0 12 1 115 
Bos javanicus 

Gaur 91 21 6 7 125 
Bos gaurus 

Wild Water Buffalo 1 0 0 0 1 
Bubalus arnee 

Eurasian Wild Pig 308 21 11 35 375 
Sus scrofa 

Asian Elephant 65 0 44 34 143 
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Elephas maximus 

Asian Tapir 22 0 0 0 22 
Tapirus indicus 

Pig-tailed Macaque 24 45 13 7 89 
Macaca leonina 

Long-tailed Macaque 9 0 1 0 10 
Macaca fascicularis 

Bear Macaque 3 0 0 0 3 
Macaca arctoides 

Sunda Pangolin 4 3 0 0 7 
Manis javanica 

Siamese Hare 0 0 1 0 1 

Lepus peguensis 

Bird Species 61 204 58 165 488 

Class Aves 

Poacher/Human 23 14 4 1 42 
Homo sapiens sapiens 

WS= Wildlife Sanctuary, NP= National Park 
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