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Camera Traps Unveil Enigmatic Crop Raiders in Udawalawe, Sri Lanka
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A bstract. We studied Asian elephants (Elephas maximus) entering three villages bordering 
the Udawalawe National Park, Sri Lanka, by placing camera traps on road openings o f the 
boundary electric fence o f the park. We identified 35 individuals that crossed the fence, 
all o f which were males. Identified individuals were o f differing age/size classes and the 
majority were solitary. Elephants left the park at dusk and retuned at dawn. Individual 
variation was observed in method and time o f fence crossing. Elephants showed localized  
movement over the small area o f the study. Our results suggest a high degree o f crop 
raiding by males in the area and underscore the failure o f current management activities 
in preventing human-elephant conflict.

Introduction

Human-elephant conflict (HEC) is the primary 
threat to the survival of Asian elephants 
(Fernando et al. 2012). Elephants have a distinct 
social structure with group living females and 
solitary males, with adult males being the main 
contributors to HEC (Sukumar & Gadgil 1988; 
Chiyo & Cochrane 2005; Fernando 2011). 
Crop raiding is the principal proximal cause 
for the conflict between humans and elephants. 
Elephants raid crops primarily at night (Sukumar 
1989; Graham et al. 2009). However, all males 
in a population do not raid crops (Williams et al. 
2001; Chiyo et al. 2011b).

Most HEC studies are based on damage 
evaluation through questionnaire surveys or 
examining pre-existing records (Fernando et al. 
2005; Santiyapillai et al. 2010; Ekanayaka et al. 
2011). A few studies have used new technology 
such as radio collars (Fernando et al. 2008; 
Graham et al. 2009) and DNA analysis (Chiyo 
et al. 2011b).

Patterns o f HEC may vary between locations 
(Hoare 2001) and by individual elephant. 
Individual identification o f ‘problem-elephants’

can provide information useful in understanding 
HEC and determining location specific and 
effective mitigation actions. Due to the difficulty 
in locating and observing elephants at night, it is 
challenging to identify crop-raiding individuals 
by direct observation. Thus, important aspects 
such as the demography o f crop raiders, number 
o f raiders and individual patterns o f crop raiding, 
remain largely unknown.

In this study, we used infrared night vision 
camera traps to identify individual elephants 
entering three villages bordering the Udawalawe 
National Park, Sri Lanka.

M ethods

Study area

The study area encompassed the villages of 
Pokunuthanna, Neraluwa and Dahaiyagala, 
situated at the northern border o f the Udawalawe 
National Park (UWNP) in southern Sri Lanka. 
Distance between the villages were: Pokunuthanna 
and Dahaiyagala 3 km, Pokunuthanna and 
Neraluwa 1.5 km, Dahaiyagala and Neraluwa 
2.7 km. UWNP covers 308 km2 with a boundary 
o f approximately 100 km. It is contiguous with
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Figure 1. Map of Udawalawe National Park and study area. Red line: electric fence on park boundary. 
LNP: Lunugamvehera National Park. DS: Dahaiyagala Sanctuary.

the Dahaiyagala sanctuary and Bogahapattiya 
Forest Reserve in the north and Wetahira-Kanda 
corridor and Lunugamvehera National Park in the 
east (Fig. 1). It is used by around 1000 elephants 
of which around 250 are mature males (de Silva 
et al. 2011). Elephant habitat extends beyond the 
park boundaries to adjacent conservation and 
non-conservation areas.

The mean annual temperature is approximately 
32°C and the average annual rainfall is about 
1329 mm. The main rainfall occurs from October 
to December during the northeast monsoon and 
some rain is received via the southwest monsoon 
from March to April. Two cultivation seasons 
“Maha” and “Yala” follow the rainfall.

The major crop in the area was paddy. Banana, 
coconut, mango, manioc, papaya and vegetables 
were also cultivated. Villagers guarded their crops 
using tree huts, shouting, fire crackers, hanging 
electric torches, and by setting up bonfires and 
locally made electric fences.

An electric fence built by the Department 
of Wildlife Conservation was located on the 
boundaries of the UWNP and the Dahaiyagala 
sanctuary (Fig. 1). The fence separated the 
protected area from the three study villages and 
lay through small forest patches in some places. 
Several public roads crossed the fence through 
the Sanctuary area. The fence had five openings 
related to roads, guarded by detachable electric 
wires.

Data collection and individual identification

The study was conducted from March 2014 to 
January 2015. Data was not collected during the 
months of September, November and December 
due to logistic issues. Within the study period, the 
cameras were deployed on a total of 38 nights. 
Four night vision camera traps were used. The 
cameras were stationed close to one of the three 
villages on each night of data collection. Fence 
road openings (Fig. 2) and elephant trails within 
200 m of fence road openings, were selected
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Figure 5. Cumulative number of identified Figure 6. Group size and frequency of elephants 
individuals. crossing the fence.

elephant was captured only on exiting, method 
of entering was recorded as unknown and vice 
versa.

Results

Elephants were observed on 33 out of the 38 
nights of data collection. A total of 192 elephant 
crossings were recorded with an average of 5 ± 
5.33, ranging from 0 to 22 crossings per day. All 
crossings were by males. A total of 35 individuals 
were identified, of which 21 were mature-adults, 
5 young-adults and 9 sub-adults. The cumulative 
number of the identified individuals showed 
continued increase throughout the study period 
(Fig. 5). Of elephants crossing the fence, 69% 
were solitary individuals and group sizes of 
associating individuals ranged from 2 to 9 with a 
mean of 3.16 ± 1.46 (Fig. 6).

Timing o f leaving and returning

The earliest time elephants exited the park was 
17:55 h and the latest time of entering the park

was 6:06 h. The peak of elephants leaving the 
park was from 18:00 - 21:30 h (86%). The peak 
period of returning to the park was 4:00 - 6:30 h 
(86%) with 43% of crossings between 5:00 - 5:30 
h. Elephant crossings were minimal between 
23:30 - 2:30 h (Fig. 7).

Methods o f leaving and returning

Elephants used several methods to cross the 
fence (Fig. 8). On 88% of occasions, individuals 
did not return from the point they exited the 
park that night. Of the individuals crossing the 
fence, 23% left the park by ‘breaking’, 49% 
through ‘openings’ and 28% were classified as 
‘unknown’. When returning, 11% entered the 
park by ‘breaking’, 32% through ‘openings’ and 
57% were ‘unknown’.

Individual variation

Six males consisting of five mature adults and one 
sub-adult crossed the fence five times or more. 
They crossed the fence a total of 60 times, with a
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Figure 7. Elephant crossings against time.
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Our study was confined to 3 road openings in 
relation to 3 villages, and covered approximately 
6 km of the park perimeter fence. There are 
approximately 52 villages around UWNP and the 
perimeter fence is around 100 km. Crop raiding is 
experienced in almost all villages around the park. 
While road openings on the fence were limited, 
elephants broke the fence all along its length. We 
also observed elephants crossing the park fence 
on most days of observation, throughout the year. 
Therefore, our study underscores the very high 
prevalence of raiding in the area.

We observed elephants crossing the fence to be 
mainly solitary, together with a few bull groups.
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A similar pattern was observed in Hasanur in 
southern India, where raiding by single bulls 
was the most common but groups of up to four 
males came together for raiding (Sukumar 1989). 
Sukumar (1989) also recorded a higher grouping 
propensity during the night, with only 7% of 
bulls observed to be in groups during the day and 
43% during the night. An observational study 
by McKay (1973) found 18%, 19% and 38% of 
males to form diurnal bull groups in Yala, Gal- 
Oya and Lahugala National Parks respectively 
in South-east Sri Lanka. Nettasinghe (1973) 
recorded a bull group of eight at Thamankaduwa 
area in north-central Sri Lanka. We found 30% 
pf the males identified in our study to associate 
in bull groups. The group of nine observed by us 
is the largest bull group recorded in Sri Lanka to 
date. Therefore, our study found a comparatively 
high tendency for bull group formation, which is 
likely to be related to the raiding behaviour of the 
observed individuals.

We detected all three age-classes of males 
crossing the fence to and from the villages. Thus 
it is likely that the number of ‘problem elephants’ 
(Fernando 2011) in the area will increase in the 
future as more young elephants take up raiding.

Timing o f leaving and returning to the park.

We found that elephants left the park at dusk 
and returned at dawn. In southern India males 
entered crop-lands between 19:00 h to 22:00 h 
and returned before sun rise (Sukumar 1989). A 
study in Laikipia plateau, Kenya, found elephants 
raided crops during the night and that they moved 
more rapidly when in human dominated areas 
(Graham et al. 2009). In North-western Sri Lanka, 
de Silva & de Silva (2007) found that feeding 
hours shifted to the late evening or night in areas 
with high habitat disturbance. The preference for 
entering human areas and presumably raiding 
crops during hours of darkness as observed by us 
and other studies, could be related to minimizing 
detection hence risk.

Methods o f leaving and entering

Figure 9. Times of individual elephants leaving Only a small proportion of males used the same
(blue) and returning (red) to the park. point for exiting and returning to the park. We

12



found that the majority o f males left the park 
through road openings but their return was not 
detected. This could be due to returning through 
another road opening or by breaking through 
the fence at a different site, or not returning 
but moving-on. As elephants sometimes broke 
the fence even when they could exit the park 
through an opening, and the fence was broken 
regularly along its length at multiple points, 
most elephants that exited the park could have 
returned by breaking the fence at another point. 
Our results suggest that the electric fence on 
the park boundary was ineffective in preventing 
males from exiting the park, hence it didn’t stop 
the crop raiding.

Individual variation

Intra- and inter- individual variation was 
observed in times o f exit and re-entry, hence 
amount of time spent outside. W hile the times 
o f exit and re-entry by a particular individual 
varied between dates, some individuals appeared 
to favour particular time periods. Such variation 
could be due to different extents o f crop raiding 
and risk taking by different males but could also 
be related to experiences on a particular night 
and crop guarding by villagers;

Individual males showed variation in the method 
of crossing the fence with M155 and M 166 
mostly using openings and the others showing an 
irregular pattern. Individual variation in methods 
of crossing the fence suggests that individuals 
varied in their ability and/or preference. As 
elephants have high memory capacity and 
can learn from each other (Savage et al. 1994; 
McComb et al. 2001; Byrne et al. 2009), such 
variation maybe related to past experiences and 
associations.

We found a high degree o f preference for particular 
villages by specific individuals, with only one of 
13 elephants observed at all three villages. As the 
three villages were within an area o f about 5 km2, 
our results suggest localization o f crop raiding 
males at a fine geographic scale. W hile we do 
not have the information to determine cause, 
such localization could be related to variation in 
resource (crop) availability and degree o f crop

protection hence risk, together with home range 
boundaries, competition between individuals and 
variation in risk taking.

Conservation importance

Our study demonstrates that night vision  
camera traps can provide accurate individual 
identification o f problem elephants and can 
provide information on the demography, number 
o f raiders , patterns and timing o f the movements 
o f such elephants. Such data enables managing 
‘problem elephants ’ without negatively impacting 
non-raiding individuals.

The main management actions for HEC 
mitigation in Sri Lanka and across the range are 
translocation, elephant drives and constructing 
electric fences. In addition to the general failure 
o f translocation in mitigating HEC (Fernando et 
al. 2012), our findings indicate that translocation 
is impractical in our study area, as a large number

o®

o f males caused problems. Elephant drives would 
also be inappropriate and ineffective, as only 
males raided and they crossed the fence at w ill. 
Therefore, the most effective HEC mitigation 
measures for the area would be community based 
methods, centred on small ‘exclosure’ electric 
fences, rather than the extensive ‘enclosure’ 
fence on the park boundary.
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