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Abstract
Camera trapping has recently been introduced as an unbiased and practical method for monitoring tiger
abundance. In a high density area in the Royal Bardia National Park in lowland Nepal, we tested this method
by trapping very intensively within a 25 km2 area to determine the true number of animals in that area. We then
tested the effect of study design by sub-sampling the data set using varying distances between trap stations
and by reducing the number of trapping nights at each station. We compared these numbers with the density
estimates generated by the capture–recapture models of the program CAPTURE. Both distance between traps
and trapping duration greatly influenced the results. For example, increasing the inter-trap distance from
1 to 2.1 km and reducing the trapping duration per station from 15 to 10 nights reduced the number of tigers
captured by 25%. A significant decrease in trapping rates during successive 5-night periods suggested that our
tigers became trap-shy, probably because of the photo flash and because they detected the camera traps from
cues from impression pads 50 m from the traps. A significant behavioural response was also confirmed by the
program CAPTURE. The best capture–recapture model selected by the computer program (Mbh) gave precise
estimates from data collected by the initial 1 km spacing of traps. However, when we omitted data from half
the number of traps, thus decreasing the sampling effort to a more realistic level for monitoring purposes, the
program CAPTURE underestimated the true number of tigers. Most probably, this was due to a combination
of trap shyness and the way the study was designed. Within larger protected areas, total count from intensive,
stratified subsampling is suggested as a complementary technique to the capture–recapture method, since it
circumvents the problem of trap shyness.

INTRODUCTION

Knowing how many tigers are in your protected area (PA)
and how these numbers change over time is fundamental
for conservation management. Until recently, censusing
tiger numbers had been more or less impossible. A
pugmark method (Panwar, 1979), as employed in Project
Tiger in India over many years, has been found to give
results that are so erroneous that it should be abandoned
(Karanth et al., 2003). Thanks to recent pioneering work
by Karanth (1995, 1999) and Karanth & Nichols (1998),
a new method based on camera trapping seems to have
overcome the problem. This method identifies individ-
ual tigers from their unique stripe patterns (Schaller,
1967; Franklin et al., 1999) and other characteristics as
seen in photographs taken by specially designed remote
sensing equipment. Based on the recapture frequencies
of individuals (Otis et al., 1978), a statistical computer
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program ‘CAPTURE’ (Rextad & Burnham, 1991) can be
used to estimate the number of tigers in the area.

The capture–recapture method samples a proportion of
the true number of animals in an area. It assumes that
each animal has the same probability of being captured.
Because this is rarely the case with tigers, models have
been developed which adjust for biases in capture prob-
abilities, namely heterogeneity among individuals (h),
behavioural response (b), time-specific variation (t) and
combinations of these. The program CAPTURE assumes
that the population is demographically and geographically
‘closed’ during the sampling period, i.e. there are no
animal deaths or emigration and no immigration, and
provides a statistical test of this assumption. A recent
manual by Karanth & Nichols (2002) gives detailed
descriptions of the camera-trap design for estimating tiger
abundance.

In this study, we test how trapping frequencies vary
with the distance between trapping stations and with the
number of trap nights per station, i.e. trapping design and
trapping effort. Then we compare how the precision of
estimates generated by the program CAPTURE varies
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Table 1. Capture distributions of nine different tigers trapped by cameras during 7 weeks in a 25 km2 study area in the western part of
Royal Bardia National Park, Nepal

Trap night
Trap
number 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

1 b a
2 b c a
3
4 b
5
6
7
8 b c
9

10 a
11 d
12
13
14
15 a
16 a
17 f c f
18 c e

19
20 g d a
21 a
22 h
23 g i f
24 a e
25 f

Individual tigers are labelled a, b, c etc, males in bold.
Trap numbers 1–9: period 4–19 December.
Trap numbers 10–18: period 21 December – 5 January.
Trap numbers 19–25: period 7–23 January (one night excluded due to heavy rainfall).

with trapping effort, because this is of special interest
to field managers.

METHODS

The study was conducted during January–March 2001
within a 25 km2 area in the south-west corner of Bardia
National Park in lowland Nepal (28o 35′ N, 81o 20′ E).
This part of the Park has a relatively high density of tigers
(Frøyland, 1998; our results).

Trailmaster TM1500 and TM500 remote camera
detection equipment (Goodson & Associates, Kansas,
USA) were put out along forest roads and trails frequently
used by tigers, as described by Karanth (1995). We
camouflaged the cameras and detectors with natural
vegetation. To obtain pugmarks to compare with animals
of known sex and age from photographs, we made
impression pads on each side of the trapping stations.
These pads consisted of removing leaves and digging up
the topsoil to provide a substrate where good pugmarks
could be seen and traced. The impression pads covered
ca. 1.0 m wide sectors across the line of tiger travel.
Previous work suggested that tigers may become trap-shy
after they had once been photographed by flash (Frøyland,

1998). To avoid the risk that tigers would associate the
impression pads with the camera traps, we located them a
minimum of 50 m away on each side of the trap site.

Within the 25-km2 study area, we set up 25 trapping
stations in a gridlike pattern. Hence, the inter-trap distance
was fixed at ca.1 km, with each trap being located along
a trail or road at the most probable site for capturing
an animal. We trapped continuously for a period of 15
days at each station. We used such a tight grid and long
trapping period in order to avoid leaving ‘holes’ (Karanth
& Nichols, 2002) and to be sure that we trapped all
animals. Because of problems with theft, the traps were
set in the late afternoon before dark and were checked and
removed at sunrise. Due to a shortage of equipment, only
6–9 sets could be monitored at any one time. Hence, after
completing each 15-day trapping period, the traps were
twice moved to new locations. Thus, the design consisted
of three spatially separated ‘blocks’, which were sampled
successively within a total trapping period of ca. 7 weeks
(Table 1).

After carefully examining the photographs to identify
all of the individual tigers trapped, we systematically
omitted data from half of the stations, thereby maintaining
a trapping grid of 12 stations regularly spaced at an
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inter-trap distance of ca. 2.1 km. This was done five times
by altering which stations were omitted but keeping the
trapping grid design constant. We repeated this using only
10 stations, equal to an inter-trap spacing of 2.5 km. The
same procedure was carried out for a random removal
of stations. Next, we varied the number of trap nights at
each station, to investigate intervals of 5, 10 and 15 nights
starting from the first trap night at each station. These tests
were also run with 5 replications.

We assumed that we had trapped all of the tigers in
the study area with the intensive effort (1 km spacing
and 15 nights/station) and used this value to compare the
precision of estimates derived from the different study
designs and trapping efforts. We did this by carrying
out Logistic Regression calculations on the data sets. We
also compared the results from the computer program
CAPTURE, in order to determine the level of precision
and variation of estimates that this capture–recapture
program yields at variable sampling efforts.

RESULTS

The intensive trapping, with 1 km spacing and 15 nights of
trapping at each station, photographed nine different tigers
(Table 2). They were distributed throughout the sampling
area, and seven were recaptured one or more times at
the same or at different stations (Table 1). Because no
new animals were trapped after the fifth night of trapping
at all 25 stations, but total captures increased steadily
during the subsequent nights of trapping (Fig. 1), we are
confident that we captured all subadult and adult tigers
within the sampled area. Increasing the regular spacing
to 2.1 and 2.5 km with 15 trapping nights resulted in
the capture of an average of 7.5 and 6.8 individuals,
or 83.3 and 75.5%, respectively, of the true number of
animals (Table 2). With randomised spacing at 2.1 and
2.5 km and the same number of trapping nights (15),
the number of tigers photographed averaged 8.0 (88.9%)
and 6.0 (66.7%), respectively. Reducing the number of
trapping nights to 10 and 5 while at the same time doubling
the inter-trap distance, yielded an average of 6.8 (75.5%)
and 5.7 (63.3%) different individuals, respectively. When
increasing the distance between traps even further,

Table 2. Number of different tigers captured by various combinations of trapping duration/station and spacing between stations

5 trap nights 10 trap nights 15 trap nights

Sampling method Mean Range % Mean Range % Mean Range %

1.0 km spacing 9 – 100 9 – 100 9 – 100

2.1 km spacinga

Random (5) 5.8 5–7 64.4 7.0 6–9 77.8 8.0 6–9 88.9
Systematic (5) 5.6 4–7 62.2 6.6 5–8 73.3 7.5 6–8 83.3
Both (10) 5.7 4–7 63.3 6.8 5–9 75.5 7.75 6–9 86.1

2.5 km spacinga

Random (5) 4.2 2–6 46.6 4.8 2–7 53.3 6.0 4–7 66.7
Systematic (5) 4.8 3–7 53.3 5.6 4–7 62.2 6.8 5–8 75.5
Both (10) 4.5 2–7 50.0 5.2 2–7 57.7 6.4 4–8 71.1

a Number of subsamples are given in parentheses.
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Fig. 1. Cumulative number of tiger captures with increasing number
of trapping nights at 25 stations regularly spaced 1 km apart.

the number of tigers photographed decreased rapidly
(Table 2).

The results are illustrated further by the Logistic
Regression curves shown in Fig. 2. Based on these curves,
it could be estimated that 25–33 nights/station were
needed in order to trap all nine tigers (99%) if the spacing
between traps was doubled from 1 to 2 km (Table 3). A
spacing of 2.5 km would require 20–24 nights/station to
estimate 90% of the true number of tigers in the area.
Surprisingly, at 2.1 km spacing the regular distribution of
stations required fewer days than did the random spacing
to capture > 90% of the tigers, whereas this tendency was
reversed at the 2.5 km spacing of stations (Table 3).

The estimates generated by the program CAPTURE
are presented in Table 4. The assumption of a closed
population was met (z = − 0.499, P = 0.309). The data
were analysed twice at the 2.1 km spacing with either 10
or 15 nights of trapping, a total of four combinations. The
estimated number of tigers (N) varied in the same way,
as did the total counts based on various combinations
of sampling grid and sampling effort (see Table 2).
Combining data from all 25 stations gave precise estimates
(9 tigers) with both 15 and 10 trapping nights/station.
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Fig. 2. Logistic curves fitted to the proportion of different tigers
captured at various trapping efforts (number of trap nights/station)
and spacings between stations. (a) Systematic trapping grid at
1 km spacing; (b) randomised trapping grid at 2 km spacing;
(c) systematic trapping grid at 2.5 km spacing.

However, the computer program underestimated the true
number by 16 and 22% when the spacing of traps was
increased to 2.1 km with 15 and 10 trapping nights,
respectively. CAPTURE computes the best models for
the population estimates. As seen in Table 4, for the
comparison between two runs of the data from 2.1 km
spacing and 10 trapping nights, the program selected two
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Fig. 3. Total number and number of different tigers captured in each
successive 5-night period at 25 trap stations regularly spaced 1 km
apart.

different models (Mbh and Mh), with high precision levels
(1.00 both). These gave highly different standard errors
and a very wide confidence interval for one of them
(resulting in an estimate of 7–22 tigers).

The numbers of tigers captured in successive 5-night
periods are shown in Fig. 3. Surprisingly, both total
captures and number of different individuals captured
decreased by more than 50% from the first 5-day period
to the next two periods. The declines were significant
(χ2 = 2.722, P < 0.10 and χ2 = 5.367, P < 0.05, with
Yates correction). No differences were detected between
the two last periods. In terms of capture rates, they
decreased from an average of 3.0 per night during the first
5-day period to 1.3 per night during the following 10 days
of trapping.

The capture distributions of the nine different tigers
are shown in Table 1, indicating large variation among
individuals. Four tigers were recaptured three or more
times, and three were recaptured once each. Two animals,
one male (h) and one female (i), were captured on days 2
and 3 and never thereafter. The computer program also
confirmed a behavioural response among the animals
(χ2 = 6.858, P = 0.0089, 1 d.f.), which explains why
model Mbh was selected as the best model for our data.

DISCUSSION

The number of tigers trapped by the cameras varied with
the spacing of traps and with the number of trapping-
nights per station. The trend was similar when the actual
data were analysed by the computer program CAPTURE
based on capture–recapture probabilities. That number
of individuals captured should decrease with a lower
sampling intensity is, of course, not surprising. The
capture–recapture models in the program CAPTURE are
designed to adjust for this, although the precision of mean
estimates will decrease and the associated confidence
intervals will, naturally, increase with lower sampling
efforts. What was disturbing was that the computer
program gave lower mean estimates than the known
number of tigers in the sampled area when the sampling
effort (trap spacing and trapping duration at each station)
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Table 3. Proportion (%) of different tigers captured by different sampling designs as estimated from fitted logistic regression
curves

Number of trapping nights until x% of the individuals were captured

% Systematic Systematic Random Systematic Random
captured 1 km 2.1 km 2.1 km 2.5 km 2.5 km

90% 4 18 14 20 24
95% 5 23 18 25 29
99% 7 33 25 35 41

Table 4. Results of capture–recapture models from 25-km2 core area of RBNP in 2002/2003

Number of Spacing of Number of Best model Population 95% confidence
stations stations (km) trap nights selecteda estimate (SE) interval

25 1.0 all 15 nights Mbh (1.00) 9 (0.050) 9–9
25 1.0 first 10 Mbh (1.00) 9 (0.195) 9–9

12b 2.1 all 15 Mbh (0.98) 9 (0.845) 9–9
12c 2.1 all 15 Mbh (1.00) 6 (0.151) 6–6
12d 2.1 all 15 – 7.5 (0.498)

12b 2.1 first 10 Mbh (1.00) 7 (0.484) 7–7
12c 2.1 first 10 Mh (1.00) 7 (2.756) 7–22
12d 2.1 first 10 – 7 (1.620)

a Selection value in parentheses, bsystematic, crandom, dmeans of b and c.

was reduced below the very intensive effort of 1 km
spacing and 15 nights/station. A grid with 2–3 km between
stations and shorter trapping duration is a more realistic
sampling effort for management purposes (Karanth, 1999;
Karanth & Nichols, 2002).

The underestimates by CAPTURE at a spacing of 2–
2.5 km were, at first, difficult to explain. One possible
reason we suspected was that the ‘population’ was not
closed, although the test showed no significant deviation
from closure. Due to a shortage of equipment, we could
only trap at 6–9 locations during the same time period
and, therefore, moved the traps to new locations after
completing each trapping period (N = 2). Hence, it took
about 7 weeks to cover the whole 25 km2 sample area. For
tigers, this may be acceptable for meeting the requirement
of demographic closure (Karanth & Nichols, 2002), but
may have violated the assumption of geographical closure.
Tiger ‘non-habitat’ surrounded one-half of the perimeter
of the study area, but the start and end points of the
grid were contiguous with prime tiger habitat. Temporal
variations in space use at these peripheral parts may have
violated model assumptions. Another potential reason for
underestimates at wider spacing of stations is that such
spacing provided ‘holes’; due to a very high density of
tigers in the study area, individual home ranges may
have been very small, which minimised the probability
of capture. This, however, is unlikely, as none of the
females were known to have newborn cubs, which restricts
movement, and most animals, including females, were
recaptured at stations spaced more than 2 km apart.

A combination of trap shyness and the way our study
was conducted is a more likely explanation for the model’s
underestimates. If a tiger becomes scared of the camera

flash, it may avoid crossing the same camera station
again and the probability of being recaptured at that
site is reduced. However, if camera stations are well
camouflaged, the tiger will be recaptured at another trap
site. But if the tiger associates the impression pad with the
camera flash at its first encounter, then it will also avoid
new camera stations with impression pads next to them.

Our results strongly indicated that some individuals
did indeed become trap-shy. Capture rates decreased
by more than 50% after the first 5 days of trapping.
The statistical analyses confirmed a behavioural response
among individuals in nearly all of the tests. Because our
camera stations were well camouflaged, we believe that
the impression pads, which were located as far as 50 m
from the trap sites, provided a cue for the tigers about
the presence of cameras in front of their travel route. On
four occasions, fresh pugmarks in the direction of the
camera stations were seen on the impression pads, but
the animals had left the trail/road before reaching the
station. Hence, when we sub-sampled the original data
set by omitting stations from the analysis, a few of the
tigers that were originally trapped at these same stations
may have become trap-shy and, therefore, were never re-
trapped at the remaining stations. If this was the case with
the two animals that were trapped on days 2 and 3, then
the total number in the ‘population’ was reduced to seven
animals in the 6–15 day sampling period.

In their recent manual, Karanth & Nichols (2002)
reported the capture histories of tigers from a camera trap
study in Kanha National Park in India. An examination
of these data shows that out of 26 different individuals
captured during a total of 10 successive nights of
trapping/station, 23 of them were captured during the
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first 5 nights and 16 during the following 5 nights. The
corresponding total captures were 33 and 25 in the first
and second 5-day period, respectively. Hence, these data
also indicate that trap shyness may have been involved.

An important question is whether the impression
pads were the sole reason for trap shyness in our
study. We do not believe so. In previous work with
impression pads located at the camera stations themselves,
we have frequently seen that some individuals become
highly alerted and seemingly scared of the photo flash
(pers. obs.). Tigers probably remember the sites of such
‘unpleasant’ experiences regardless of the presence of
impression pads. When present, the pads probably only
act as cues and, in the present study, they may have only
exaggerated the distorted results.

In summary, our study revealed two aspects of camera-
trapping that need consideration when monitoring tiger
abundance. First, if tiger population size is to be estimated
by the application of the program CAPTURE, it is
essential that trap shyness is not promoted. Although the
‘behaviour’ model Mb can adjust for this to some extent (it
assumes that capture probability differs between animals
that have been captured previously or not, but not between
individuals after first capture), it normally leads to wide
confidence intervals in the population estimate. If possible,
infrared film should be used to avoid flash when the
photographs are taken. Providing cues such as impression
pads should be avoided. If impression pads are needed for
other purposes (such as obtaining information on cubs),
they should be put out well in advance of trapping and
also on trails and roads where trapping is not taking place,
in order to habituate the animals to their presence. The
same precautions should be taken, even if the objective of
the monitoring program is simply to acquire an index of
density based on total capture rates (Carbone et al., 2001).

Second, if a count of absolute numbers of tigers is the
objective, then trap shyness is of less concern, because
only one set of double-sided photos is needed of each
animal. However, to capture all animals requires a very
intensive trapping effort/unit area, where maintaining
short distances between traps appears to be critically
important. Total counts from stratified, random sampling
in smaller areas within the larger protected area could
complement the capture–recapture method. As well as
ensuring population closure and safeguarding against
leaving ‘holes’ with non-trapped individuals, such a ‘total-
count’ method eliminates the problem of trap shyness.
Although it does not provide a statistical measure of
real abundance, a total count provides an unbiased index
value equal to, or very near to, the true number of
individuals in the sample area. In addition, a ‘total-
count’ method provides useful information on space
use by individual animals and, if used in combination
with impression pads, it gives quite precise information
on population composition and it does not require
sophisticated computer analyses of field data. As such,
it may be a more applicable monitoring technique for
local managers. At the same time, it does not preclude
the opportunity of more refined analyses of the data

using capture–recapture models, from which statistical
inferences can be made.
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