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Monitoring of the Leopard Population at Khao Nang Rum
In Huai Kha Khaeng Wildlife Sanctuary
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ABSTRACT

Leopard population was monitered using capture-recapture technique. Camera traps were
set up for 3 years (1996-1999) over a 115.88 km2 area (A) around Khao Nang Rum Wildlife
Research Station, Huai Kha Khaeng Wildlife Sanctuary. Eighteen leopards were photographed
including 4 adult females, 3 sub-adult females, 3 adult males, 3 sub-adult males and 5 males that
could not be identified by age class. Four black leopards were individually identified: one leopard
was collared and 3 leopards were identified by their size, sex, photograph time and locations.
Closure test indicated that the leopard population was closed (p>0.05). The estimation of population
size of leopard using model M

h
 are 10, 10 and 11 leopards for three sessions respectively. Log-

normal-based 95% confidence interval ranged from 10 to 29 leopards for the first session, from 9 to
17 leopards for the second session and from 11 to 26 leopards for the third session. Estimated
leopard densities were decreased from 7.88 ± 5.82 to 5.21 ± 3.12 and 4.86 ± 2.29 leopards/ 100
km2 respectively. The average leopard density in this study was 5.98 leopards/ 100 km2. This highly
leopard density indicated that the Western Forest Complex is an important area for leopard conser-
vation. Moreover, data on the abundance and density of leopard will help us to understand their
present status in the study area and evaluate habitat quality and success of the management.
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INTRODUCTION

The leopard is an important predator
in the tropical rainforest ecosystem. It plays an
important role in predator-prey interactions.  It
regulates prey populations and maintains
natural selection by influencing prey behavior
and directly affects the vigor of prey populations
and indirectly, the health of the whole ecosystem.
However, leopard is an endangered large felid
which shows a declining trend due to habitat

loss, depletion of prey and direct hunting. It has
been listed on Appendix I of the Convention of
International Trade of Endangered Species of
Wild Fauna and Flora (CITES) since 1983.
Monitoring of leopard population is important
to the planning and management to maintain
them.

Leopard is secretive and usually noc-
turnal animals. Thus, methods for estimating
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abundance of wild cats such as tiger and
leopard in the past used counting tracks of
individual animal identified by measurement of
their tracks (Riordan, 1998) and track shape
(Panwar, 1979). However, this method has
serious problems associated with field surveys
and some assumptions are erroneous (Karanth
1987, 1988, 1995).

Capture-recapture is a common approach
to investigating the abundance of marked
animals; capture histories of animals can be
used for determining the number of undetected
animals present. There are statistical models to
be employed for estimating the both of open
and closed populations. In a closed population,
it is assumed that there are no births/deaths/
immigration/emigration during the time of the
survey.

Camera trapping is probably the best
possible available technique to build up capture
histories that can be analyzed in readily available
capture-recapture software such as CAPTURE
(Otis et al., 1978; White et al., 1982) and
MARK (White and Burnham, 1999). This approach
already has been used for leopards in many
area (Jenny, 1996; Stander et al., 1997;
Khorozyan, 2003; Kostyria et al., 2003; Spalton
et al., 2006) and also has been applied to other
cryptic felids such as tiger (Panthera tigris)
(Karanth, 1995; Karanth and Nichols, 1998;
Kawanishi and Sunquist, 2004), jaguar
(Panthera onca) (Silveira et al., 2003; Wallace
et al., 2003; Maffei et al., 2004; Silver, 2004),
snow leopard (Uncia uncia) (Spearing, 2002)
and ocelot (Trolle and Kerv, 2003). Moreover,
they are linked with movement, distribution,
activity patterns, habitat use and reproductive
information that are important for wildlife
conservation (Spalton et al., 2006; Silveira et
al., 2003).

The majority of past research has taken
place in sub-Saharan Africa, India, Sri Lanka
and Nepal. In Thailand, there has been little
research concerning the abundance, behavior
and some aspects of leopard ecology. However,
the detailed knowledge of leopard abundance
has not been fully studied and is necessary to

manage and conserve the leopard in the wild.
Data on the abundance and density of leopard
will help us to understand their present status
in the study area and evaluate habitat quality
and success of the management. These factors
are the principal objectives of this study.

MATERIALS AND METHODS

Study Area
The study was carried out in the forests

around Khao Nang Rum Wildlife Research
Station (N. Lat. 15º25´-15º31´ and E. Long.
99º15´-99º20´) within Huai Kha Khaeng Wildlife
Sanctuary (Figure 1), which forms part of an
18,727 km2 protected area network known as
the Western Forest Complex. The area has rugged,
hilly topography, mean annual temperature in
20 years from 1986 to 2005 was 24.64ºc and
annual rainfall of 1447 mm. The area supports
four vegetation type dry evergreen forest, hill
evergreen forest, mixed deciduous forest and
dry dipterocarp forest depending on rainfall
patterns and edaphic factors (Srikosamatara,
1993; Tunhikorn et al., 2004).
Camera Trapping

This study was begun to document
the presence of leopards and other mammals.
Consequently camera trapping was done on
an ad hoc basis, without strictly following optimal
survey protocols (Nichols and Karanth, 2002).
However, The following field protocols were
helpful for analyzing the data within a formal
capture-recapture framework.

Camera trapping was carried out for
3 years (1996-1999) over a 115.88 km2 area
(A) around Khao Nang Rum Wildlife Research
Station (Figure 2), Huai Kha Khaeng Wildlife
Sanctuary. The area (A) was determined by a
minimum convex polygon around all camera
locations. Camera traps were deployed for 3-4
months a year.

Trailmaster® (Goodson Associates,
Inc., Kansas, USA) camera traps were set on
the trails and roads where leopard tracks or
other secondary signs were frequently found.
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Figure 1. Map of Huai Kha Khaeng Wildlife Sanctuary and the study area.
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Camera traps were mounted on trees 3-4 m
from the path, with the infrared beam set 45
cm above the ground (Karanth, 1995; Karanth
and Nichols, 1998; Kostyria, 2003). Camera
traps were set out in pairs to capture the opposing,
asymmetrical spot patterns of the passing
leopards (Karanth, 1995). The distance between
unit pairs was 1.0-3.0 km, with GPS locations
taken for all sites. Cameras were checked
every 2-3 days to change batteries and film
and to document the presence of animal tracks.
Leopard Identification

Leopards are patterned animals that
we can individually identify from their natural
markings. Rosettes and spot patterns of individual
leopard are asymmetrical on the two flanks. Both
sides of each animal had to be photographed
simultaneously. The photographs are needed
for clear identification. However the obtained,
photographs viewed only on one side, can be
linked to the left or right profile from camera
trapping and radio collared leopard to identify
individual leopards. Unclear animal photographs
on one side were not used for analysis. Black
leopards could not be identified clearly by their
spot pattern. However, they were identified by
their size, sex and photograph locations which
relate to photograph time.

Animal photographs were organized
separately for each individual leopard and the
date, time, photograph location, age class and
sex were recorded. Leopards were given all
ID from their collar number or new ID was
created for non-collared animal.
Estimating Abundance

The capture history was used to describe
capture frequencies. Data were recorded in
an X matrix consisting of i animals in rows and
t trapping occasions in columns, assuming a
value of either "0" if the animal was not photo-
graphed or a "1" if it was photographed. We
used five trapping occasions for all sites with
each occasion containing 3 day. The capture
histories of individual leopards were used in
the framework of capture-recapture theory to
estimate capture probabilities and population

size using the computer program CAPTURE
(Otis et al., 1978; White et al., 1982; Rexstad
and Burnham, 1991). The program estimates
abundance of closed population under seven
models (M

h
, M

b
, M

t
, M

bh
, M

th
, M

tb
, M

tbh
 that

vary by h-heterogeneity, b-behavior, t-time)
using M

0
, in which probabilities are constant is

null the hypothesis (White et al., 1982). In
CAPTURE, the closure test for the number of
individual is constant during the overall study
period and is computed for the subset of the
data defined by the capture frequencies. However,
the validity test can not be devised because of
problems in behavioral responses and time
trends (White et al., 1982). However, we assumed
that the population closed because the short
period. The study would end before significant
immigration could occur. In this study, we used
model M

h
 in which capture histories vary by

individual heterogeneity because the estimator
for model M

h
 (the jackknife, ˆ

hN ) is the most
robust of the five estimators ( 0

ˆ ˆ ˆ ˆ, , ,bh b tN N N N )
(White et al., 1982). In addition, this model was
widely used for estimate abundance for large
cats (Karanth and Nichols, 1998; Kostyria et
al., 2003) that are territorial animals in which
home range size and trapping depend on social
position and spatial location of the animal
(Karanth, 1995).
Estimating Density

Animal density can be estimated using
abundance estimates from CAPTURE. Density
is defined as:

ˆˆ ˆ / ( )D N A W= (1)

D̂  is the estimated animal density, N̂
is the estimated abundance and ( )Â W  is the
estimated effective area in which photographed
animals live; W is the boundary strip of width
that is added around the perimeter of the area
in which the camera traps were set.

Variance in animal density is calculated
from variance in estimated abundance and
effective area:
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Variance in estimated abundance was
computed by program CAPTURE. The effective
area includes the area where camera trap sites
were plotted and connected on the edge to form
the perimeter and the buffer area. The buffer
width (Ŵ ) was calculated using the mean
maximum distance moved by leopards ( d̂ )
between camera trap sites divided by two
(Karanth and Nichols, 1998).

ˆˆ / 2W d= (3)

Variance in buffer width was calculated
using variance in mean maximum distance
moved by leopards. Let id  denote the maximum
distance moved between camera trap sites for
animal i and m denote the number of animals
that cameras trapped at least twice:

( ) ( )ˆˆˆ ˆvar 0.25 varW d= × (4)

( ) ( )
( )

2ˆ
ˆˆvar
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m
i d d

d
m m

−
=

−
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(5)

Variance in estimated effective area was
calculated following Karanth and Nichols (1998):

 ( )( ) ( ) ( )2
2ˆ ˆ ˆˆ ˆvar 4 varA W c W Wπ= + (6)

This estimation approximates each of the
sampled areas as a circle in which c is a constant
that is calculated from ( ) ( )2ˆ ˆA W c Wπ= +
; ( )Â W  is the estimated effective area that
includes the camera trap area and the buffer
area and Ŵ is the buffer width.

RESULTS AND DISCUSSION

Camera Trap Effort
Camera traps were set up around

Khao Nang Ram WRS ranging from 39 to 56
locations per session and covered an area of

115.88 km2. The research activition for each
session were carried out for 3-4 months during
the dry season. A total of 2,094 trap nights
included 650 trap nights between December
1996 and March 1997, 620 trap nights between
December 1997 and February 1998 and 824
trap nights between December 98 and March
99. This traps sampled each location, on an
average for about 15 days. Leopards were
detected 106 times during 2,094 trap-nights; 43,
39 and 24 times for the three sessions respectively
(Table 1).
Abundance

Eighteen leopards were captured
including 4 adult females, 3 sub-adult females,
3 adult males, 3 sub-adult males and 5 males
that could not be identified by age class. From
a total of 27 black leopard photographs, 15
photographs were separated for 4 individual
leopards; one leopard had a collar and 3 leopards
were identified by their size, sex, photographed
time and locations. L055 and L195 were
captured every session. Five leopards were
captured for two sessions and eleven leopards
were capture during only one session.

Capture frequency between sexes
was difference: males were photographed 1.81
times more than females. The mean capture
rate of males was 0.77 detections/ 100 trap
nights for adults and 0.18 detections/100 trap
nights for sub-adults. The mean female capture
rate was 0.43 and 0.10 detections/100 trap-
nights for adults and sub-adults respectively.
The average number of photograph locations
for individual leopards were 0.56, 0.28, 0.13 and
0.10 locations/100 trap nights for adult males,
adult females, sub-adult males and sub-adult
females respectively. Both mean capture rate
and number of photograph locations ranked from
most to least value as determined by number of
detections and photographed locations per 100
trap-nights are: adult male, adult female, sub-adult
male and sub-adult female. The highest capture
rate male was L055 which was photographed
1.88 detections/100 trap-nights; L390, the
highest capture rate female, was photographed
0.61 detections/100 trap-nights.
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Closure tests indicated that leopard
population was closed (Table 2). The estima-
tion of population size of leopard using model
M

h
 are 10, 10 and 11 leopards for the three

sessions respectively. Log-normal-based 95%
confidence interval ranged from 10 to 29 leop-
ards for the first session, from 9 to 17 leopards
for the second session and from 11 to 26 leop-
ards for the third session. Estimated capture
probability over all sampling occasions varied
between 0.80 and 0.91. Estimated values of
average capture probability were varied ranging
from 0.33 to 0.44 (Table 2).
Density

For the three sessions, the camera trap
areas were 42.05, 57.86 and 96.93 km2 respec-
tively. The number of animals which the camera
trapped at least twice was six for all three
sessions. Average maximum distances moved
by photographed leopards ranged from 3.19 to
4.65 km. The estimated boundary strip widths
were 1.59(SD=0.30), 2.33(SD=0.40) and
1.81(SD=0.15) km respectively (Table 3). The
estimated effective area from the first to the
third sessions, which included the camera trap

Table 2.  Estimated abundance and capture probabilities of leopards in HKK under model M
h
 of

  program CAPTURE

The average maximum distances
between capture sites, was varied from 3.19
to 4.65 km, and with the significance level which
was lower than the one obtained form the South-
west Primorski Krai (9.70 km). Southwest
Primorski Krai is in the temperate zone with

area and the boundary strip were 126.93,
191.76 and 226.44 km2 (Figure 2). In these areas,
the estimated population sizes were 10, 11 and 11
leopards respectively. We used these estimates
in conjunction with Equation 1 to estimate leopard
density. We found that the estimated leopard
densities decreased from 7.88 ± 5.82 to
5.21 ± 3.12 and 4.86 ± 2.29 leopards/ 100 km2

respectively (Table 4). The average leopard
density in this study was 5.98 leopards/ 100 km2.
Discussions

Results of the study indicated that, 126
photographs of leopards during 2,094 trap-nights
(6.02 photographs/100 trap-nights) which was
higher than the ones which were obtained from
the study on leopard in Kaeng Khachan National
Park (KKNP), Thailand (3.25 photographs/100
trap-nights, Ngoprasert, 2004) and in Southwest
Primorski Krai (4.69 photographs/100 trap-
nights, Kostyria et al., 2003). In addition, the
estimated capture probabilities of this study
(0.44, 0.42 and 0.33) are higher than the results
were obtained from the study in KKNP (0.27,
using model M

h
) and Southwest Primorski Krai

(0.20, using model M
h
).

low temperature and snow cover in winter,
which are extremal conditions for leopard
(Kostyria et al., 2003). These conditions
probably impacted the distances which were
higher than the ones obtained from the other
study areas including KKNP and this study.
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Table 3. Calculated effective area using half the mean maximum distance moved by leopards
caught on more than one occasion

Table 4. Estimated leopard density and detectable change using program CAPTURE and
calculated effective area A(W)

Moreover, the obtained male leopard
photographs was 1.81 times which was more
than female leopard photographs. In the same
way, Ngoprasert (2004) reported that capture
frequency between sexes was differenced.
Male leopards had recapture more than female
leopards (T-test, p=0.01). Santiapillai et al.
(1982) reported that male leopards were visually
observed more frequently (72%) than female
leopards in Ruguna National Park parallels the
observations of Muckenhirn and Eisenberg
(1973) in Wilpattu National Park and Bailey
(1993) in Kruger National Park. Bailey (1993)
reported that males were captured with less
trapping effort than females and were observed
more often (63%) than females along tourist
roads although, females were observed more
often (68%) and more than males along fire-
break roads. He suggested that the females
avoided contact with human more than the
males. The data support the contention that the
females were shyer than males (Santiapillai et
al., 1982).

Estimated density using a framework
of capture-recapture averaged 5.98 leopards/
100 km2. The densities were 7.88 ± 5.82 to
5.21 ± 3.12 and 4.86 ± 2.29 leopards/ 100 km2,
which were close to densities using radio track-
ing in the same period (6.3 leopards/100 km2).
The average density using radio tracking method
were 10.1, 6.9, 3.7 and 4.5 leopard/100 km2

from 1996 to 1999 respectively. In the same
times and area, both methods gave nearly
densities and with a decreasing trend. Further-
more the average leopard densities were greater
than in KKNP (4.78 leopards/100 km2)
(Ngoprasert, 2004) and much greater than in
Southwest Primorski Krai (1.2 ± 0.2 leopards/
100 km2) (Kostryria et al., 2003). In Huai Kha
Khaeng Wildlife Sanctuary, Rabinowitz (1989)
estimated leopard density was lower (4 leopards/
100 km2) than the obtainul result from this study.
Based on the comparison with the another
method, the average leopard density in this study
was lower than in Tsavo National Park, Kenya
(Hamilton, 1976); Cape Province, South Africa
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(Norton and Henley; 1987) and Tai National
Park, Ivory Coast (Jenny, 1996) but higher than
in Sri Lanka (Clark, 1901); Wilpattu National
Park, Sri Lanka (Eisenberg and Lockhart,
1972); Serengeti National Park, Tanzania
(Schaller, 1972; Cavallo, 1993); Kalahari
Desert, Southern Africa (Bothma and Le Riche,
1984); Stellenbosch, Cape Province (Norton and
Lawson, 1985); Kruger National Park, South
Africa (Bailey, 1993); and North-eastern Namibia
(Stander et al., 1997).

The trend of leopard density decreased
throughout the study period which during the
same period the tiger density increased from
1.71 ± 0.99 to 2.27 ± 1.12 and 2.94 ± 2.26 tigers/
100 km2 respectively. Seidensticker (1976) recorded
that a tiger may have appropriated a kill from
a leopard, and he believed that social dominance
is a major factor in tiger-leopard interaction.
He found that leopard used areas not which were
frequented by tiger in order to minimize their chance
of encounter. Moreover, we found a female
black leopard was killed in the study area. The
animal died as a result of one powerful bite to the
chest over the heart which is only one clue and
we found female tiger tracks around it. We
believed that this leopard was killed by a tiger.

The average estimated density in this
study can roughly estimate the leopard population
size in Huai Kha Khaeng Wildlife Sanctuary,
which covered an area of 2780.14 km2, as 166
leopards. If the habitat quality in the Western
Forest Complex, which covered an area of
18,727 km2, were the as same as in this study
area, estimated leopard population size was
1,120 leopards. The data indicated that The
Western Forest Complex was an important
area for leopard conservation. Moreover, data
on the abundance and density of leopard will
helped us to understand their present status in
the study area and evaluate habitat quality and
success of the management.

CONCLUSION AND

RECOMMENDATION

Monitoring of leopard population was

covered an area of 115.88 km2 around Khao
Nang Rum Research Station, Huai Kha
Khaeng Wildlife Sactuary. Eighteen leopards
were photographed included 4 adult females, 3
sub-adult females, 3 adult males, 3 sub-adult
males and 5 males that could not be identified
by age class. From a total of 27 black leopard
photographs, 15 photographs were separated
for 4 individual leopards; one leopard had a
collar and 3 leopards were identified by their
size, sex, photographed time and locations.

Closure tests indicated that leopard
population was closed. The estimates of
population size of leopard using model M

h
 are

10, 10 and 11 leopards for the three sessions
respectively. Log-normal-based 95% confidence
interval ranged from 10 to 29 leopards for the
first session, from 9 to 17 leopards for the second
session and from 11 to 26 leopards for the third
session. Estimated leopard densities decreased
from 7.88 ± 5.82 to 5.21 ± 3.12 and 4.86 ± 2.29
leopards/ 100 km2 respectively. The average
leopard density was 6.0 leopards/ 100 km2.

ACKNOWLEDGEMENTS

We would like to express our great

appreciation to the National Park, Wildlife and
Plant Conservation Department for giving me
the opportunity to work and study at Khao Nang
Rum Wildlife Research Station. We gratefully
acknowledge the late Mr. Mark Graham and
WWF (Thailand) for supporting the camera
trap. We are particularly appreciated Prof.
Dr.Ullas Karanth, Director Wildlife Conser-
vation Society (India), for explanation and
suggestion about the estimation of leopard
population. We especially thank Mr. Onsa
Norrasan, Mr. Precha Prommakun and Mr.
Pakawat Ponak for their help in the field study.
We would like to give special thank to Ms.
Ardith Eudey who helped editing our English
manuscript. Our appreciation also is due to Ms
Namkhang Saelee for completing our manu-
script. We would like to thank everyone who
helped and supported this study.



Thai J. For. 27 : 68-80 (2008)78

REFERENCES

Bailey, T. N. 1993. The African Leopard
Ecology and Behavior of a Solitary
Felid. Columbia University Press,
New York.

Bothma, J. D. P. and E. A. N. Le Riche. 1984.
Aspects of the ecology and the
behavior of the leopard Panthera
pardus in the Kalahari Desert.
Supplement to Koedoe. :259-279.

Carbone, C., S. Christie, K. Conforti, T.
Coulson, N. Franklin, J. R. Ginsberg,
M. Griffiths, J. Holden, K. Kawanishi,
M. Kinnaird, R. Laidlaw, A. Lynam,
D. W. MacDonald, D. Martyr, C.
McDougal, L. Nath, T. O. O’Brian, J.
Seidensticker, J. L. D. Smith, M.
Sunquist, R. Tilson, and W.N.Wan
Shahruddin. 2001. The use of
photographic rates to estimate
densities of tigers and other cryptic
mammals. Animal Conservation 4:
75-80.

Cavallo, J. 1993. A study of leopard behaviour
and ecology in the Seronera Valley,
Serengeti National park. Serengeti
Wildlife Research Centre Scientific
Report 1990-1992.

Clark, A. 1901. Sport in the Low-country in
Ceylon. Tisara Prakasakyo, Dehiwela,
Sri Lanka.

Eisenberg, J.F. and M. Lockhart. 1972. An
ecological reconnaissance of Wipattu
National Park, Ceylon. Smithsonian
Contributions to Zoology 101: 1-
118.

Hamilton, P. H. 1976. The movements of
Leopards in Tsavo National Park,
Kenya as Determined by Radio
Tracking. M. Sc. Thesis, University
of Nairobi.

Jenny, D. 1996. Spatial organization of leopards
(Panthera pardus) in Tai National
Park, Ivory Coast: is rain forest habitat
a tropical haven? Journal of Zoology
240: 427-440.

Karanth, K. U. 1987. Tiger in India: a critical
review of field censuses, pp. 118-131.
In R. L. Tilson and U. S. Seal, eds.
Tigers of the World: The Biology,
Biopolitics, Management and
Conservation of an endangered
species. Noyes Publications, Park
Ridge, NJ, USA.

______ 1988. Analysis of predator-prey
balance in Bandipur tiger reserve with
reference to census reports. Journal
of the Bombay Natural History
Society 85: 1-8.

______ 1995. Estimating tiger (Panthera
tigris) populations from camera-trap
data using capture-recapture models.
Biological Conservation 71: 333-
338.

______ and J. D. Nichols. 1998. Estimation
of tiger densities in India using
photographic captures and recaptures.
Ecology 79: 2852-2862.

Kawanishi, K. and M. Sunquist. 2004.
Conservation status of tigers in a
primary rainforest of peninsular
Malaysia. Biological Conservation
120: 333-348.

Khorozyan, I. 2003. Camera Photo-trapping
of the Endangered Leopards
(Panthera pardus) in Armenia: a
Key Element of Species Status
Assessment.

Kostyria, A. V., A. S. Skorodelov, D. G.
Miquelle, V.V. Aramilev, D.
McCullough. 2003. Report on a
census of Far-Eastern Leopards
Using Camera Traps in South-west
Primorskii Province, Winter 2002-
2003. Wildlife Conservation Society.

Maffei, L., E. Cuellar and A. Noss. 2004. One
thousand jaguars (Panthera onca) in
Bolivia’s Chaco? camera trapping in
Kaa-Iya National Park. Journal of
Zoology 262: 295-304.



��������������	
�	�	�r�r�	�
��
� 79

Muckenhirn, N. A. and J. F. Eisenberg. 1973.
Home ranges and predation of Ceylon
leopard, pp. 142-175. In R.L. Eaton,
ed. The World’s cats 1(1). World
Wildlife Safari, Winston, Oregon.

Ngoprasert, D. 2004. Effects of Roads,
Selected Environmental Variables
and Human Disturbance on Asiatic
Leopard (Panthera pardus) in
Kaeng Krachan National Park. M.
Sc. Thesis, King Mongkut’s University
of Technology Thonburi.

Nichols, J. D. and K. U. Karanth, 2002.
Statistical concepts: Estimating
absolute densities of Tigers using
Capture-recapture sampling, pp. 121-
137. In K. U. Karanth and J. D.
Nichols, eds. Monitoring Tigers and
their Prey: A manual for Researchers,
Managers and Conservationists in
Tropical Asia. Bangalore: Centre for
Wildlife Studies.

Norton, P. M. and A. B. Lawson. 1985. Radio
tracking of leopards and caracals in
the Stellenbosh area, Cape Province.
South African Journal of Wildlife
Research 15: 17-24.

______ and S. R. Henley. 1987. Home range
and movements of male leopard in the
Cerdarberg wilderness area, Cape
Province. South African Journal of
Wildlife Research 17 (2): 41-48.

Otis, D. L., K. P. Burnham, G. C. White and
D. R. Anderson. 1978. Statistical
inference from capture data on
closed animal populations. Wildlife
Monographs 62: 1-35.

Panwar, H. S. 1979. A note on tiger census
technique based on pugmark tracings.
Tigerpaper 6: 16-18.

Rabinowitz, A. 1989. The density and behavior
of large cats in a dry tropical forest
mosaic in Huai Kha Khaeng Wildlife
Sanctuary, Thailand. Natural History
Bulletin of the Siam Society 37 (2):
235-251.

Rexstad, E. and K. P. Burnham. 1991. User’
s Guide for Interactive Program
CAPTURE: AbundanceEstimation
of Closed Animal Populations.
Colorado State University, Corolado,
USA.

Riordan, P. 1998. Unsupervised recognition of
individual tigers and snow leopards
from their footprints. Animal
Conservation 12 : 252-262.

Santiapillai, C., M. R. Chambers and N.
Ishwaran. 1982. The leopard,
Panthera pardus fusca (Meyer,
1794), in the Ruhuna National Park,
Sri Lanka, and observations relevant
to its conservation. Biological
Conservation 23: 5-14.

Schaller, G. B. 1972. The Serengeti Lion.
University of Chicago Press, London.
480 pp.

Seidensticker, J. 1976. On the ecological
separation between tigers and
leopards. Biotropica 8 (4): 225-234.

Silveira, L., A. T. A. Jacomo, and J. A. F. Diniz-
Filho. 2003. Camera trap, line transect
census and track surveys: a
comparative evaluation. Biological
Conservation 114: 351-355.

Silver, S. C. 2004. The use of camera traps for
estimating Jaguar (Panthera onca)
abundance and density using capture-
recapture analysis. Oryx 38: 148-154.

Spalton, J. A., H. M. Al Hikmani, D. Willis and
A. S. B. Said. 2006. Critically
endangered Arabian leopards
Panthera pardus nimr persist in the
Jabal Samhan Nature Reserve, Oman.
Oryx 40 (3): 287-294.

Spearing, A. 2002. A note on the prospects
for snow leopard census using
photographic capture. Proceeding
of the snow leopard survival summit,
Snow leopard survival summit, ISLT.

Srikosamatara, S. 1993. Density and biomass
of large herbivores and other mammals
in a dry tropical forest, western
Thaiand. Journal of Tropical
Ecology 9: 33-43.



Thai J. For. 27 : 68-80 (2008)80

Stander, P. E., P. J. Haden, Kaqece and Ghau.
1997. The ecology of asociality in
Nabibian leopards. Journal of
Zoology, London 242: 343-364.

Trolle, M., and M. Kerv. 2003. Estimation of
ocelot density in the pantanal using
capture-recapture analysis of camera
trap data. Journal of Mammalogy 84:
607-614.

Tunhikorn, S., J.L.D. Smith, T. Prayurasiddhi,
M. Graham, P. Jackson and P. Cutter
(Eds.). 2004. Saving Thailand’s
tigers: An action plan. Bangkok:
Ministry of Natural Resources and
Environment. Department of National
Park, Wildlife, and Plant Conservation.

Wallace, R. B., H. Gomez, G. Ayala and F.
Espinoza. 2003. Camera trapping for
jaguar (Panthera onca) in the Tuichi
valley, Bolivia. Journal of Neotropical
Mammals 10: 133-139.

White, G. C., D. R. Anderson, K. P. Burnham
and D. L. Otis. 1982. Capture-
Recapture and Removal Methods
for Sampling Closed Populations.
Los Alamos National Laboratory
Publication LA-8787-NERP, NM,
USA.

______ and K. P. Burnham. 1999. Program
MARK: Survival rate estimation from
both live and dead encounters. Bird
Study 46: 120-139.




