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Abstract - Varanus salvator (Laurenti, 1768) is widespread throughout Southeast Asia and can be
found living closely with humans in urban areas. In this study, the effects of trash piles on the size
and capture frequency of V. salvator living on the campus of Bengkulu University (UNIB), Bengkulu,
Indonesia were investigated. In addition, daily and weather pattern-related activity of V. salvator
were evaluated. Four traps were set in strategic locations on UNIB’s campus from 13 October to 28
November 2015; two were set close to trash piles (< 25 m), and two were set in more natural areas (>
200 m from trash piles). There were no significant differences in the size of V. salvator and their daily,
seasonal activities, or proximity to trash piles. Varanus salvator were captured in greater frequencies
at locations that were close to trash piles, more often in the morning than the afternoon and during
drier weather. This study suggests that V. salvator activity could be affected by current and planned
construction projects on UNIB’s campus.
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Introduction
The Asian water monitor (Varanus salvator) is the
second largest lizard in the world, behind the Komodo
dragon (V. komodoensis). Varanus salvator is very
common throughout South East Asia, ranging from India
and Sri Lanka to the Philippines and Indonesia, and is
one of the most widespread varanid lizards (Bennett,
1995; Shine et al., 1998; Gaulke et al., 1999). The
natural habitat of V. salvator includes forested habitat
along rivers and other water bodies and mangroves
(Bennett, 1995); however, water monitors are also found
in cities in great densities. For example, large numbers
of V. salvator are found in Lumpini Park and Dusit Zoo
in Bangkok (Bundhitwongrut et al., 2008; Cota, 2011).
The species has an indiscriminate diet, which includes
a variety of food items ranging from invertebrates to
vertebrates (Shine et al., 1998), and in urban habitats
its diet may include human food waste and pets (Uyeda,
2009; Kulabtong & Mahaprom, 2015). Their ability to
traverse large bodies of water (e.g., ocean barriers) via
active swimming allows them to colonize remote islands
quickly. For example, V. salvator became established on
Krakatoa Island within 25 years of the 1884 Krakatoa
volcanic eruption, a considerable time before any other
terrestrial vertebrate colonization (Dammerman, 1945;
Rawlison et al., 1990; Bennett, 1995).
Reproduction in V. salvator takes place throughout
the year although it occurs with greater frequency at
the start of the rainy season, with females producing
multiple clutches of 6-17 eggs each year (Shine et al.,
1998). Young V. salvator are more brightly colored than
adults and spend most of their time in trees (Bennett,
1995)
Commercially, V. salvator is utilized for food
(Nijman, 2015, 2016) and medicine (Uyeda et al.
2014) throughout South East Asia. Additionally, V.
salvator is harvested for the leather industry (Shine et
al., 1998), with their skins exported mostly to Europe
and North America (Shine et al., 1996, 1998; Koch et
al., 2013). Between 2000 and 2010 approximately 10
million V. salvator skins were exported predominately
from Indonesia (63%) and Malaysia (33%; Koch et al.,
2013). This commercial exploitation of V. salvator has
led to localized population declines in Malaysia and
Indonesia (Auliya, 2006). Other factors also contribute
to population declines such as land use and habitat
alteration (Koch et al., 2013); however, the relative
significance of these variables has not been determined.
In Indonesia, V. salvator is not typically considered
food by humans (Nijman, 2015); however, its meat is

occasionally consumed as a novelty food, for medicinal
purposes, and as an aphrodisiac (Nijman, 2016).
Nijman (2015) estimated that in just 23 cities on Java,
Indonesia, V. salvator are processed on the scale of
tens of thousands of individuals per year. At this time,
V. salvator is considered a species of least concern by
the IUCN Red List because they are still very common
throughout their range (Bennett, 1995; Bennet et
al., 2010). However, Welton et al. (2013) suggested
that there is a need for taxonomic identification of all
lineages of the V. salvator complex due to the nonuniform distribution of harvesting pressures, which
could change the IUCN status of this species.
This study investigated the impacts of campus life
on the activity of V. salvator living on the grounds of
Bengkulu University (UNIB), Bengkulu, Indonesia (Fig.
1) including seasonal distribution and the clustering
of individuals around trash piles. On Tinjil Island,
Indonesia, V. salvator were found in greater densities
around trash piles than in natural forest habitats due to
an abundance of human food waste (Uyeda, 2009). Since
Uyeda (2009) found higher densities around trash piles,
it was hypothesized that V. salvator will also occur in
higher densities around trash piles on UNIB’s campus.
Methods
Trapping was conducted biweekly over a seven week
period from 13 October to 28 November 2015. Traps
were constructed locally in Bengkulu out of steel with a
top-down trap door (Fig. 2) and were baited with recently
killed Oreochromis niloticus (or other common fish
species found at the market) once per trapping period. A
trap was sprung when a V. salvator attempted to bite the
bait. Four traps were set out where there had been previous
sightings of V. salvator by campus staff and students in
an area measuring ca. 23 ha within UNIB’s ca. 171 ha
campus (Fig. 1). Traps one and three were located close
to trash piles (ca. 23 and 25 m, respectively), whereas
traps two and four were located in wet areas, farther
away from trash piles (≥ ca. 225 m; Fig. 1). Traps one
and three were under greater anthropogenic influence
than traps two and four, although all trap locations were
impacted by land use and UNIB’s expansion with the
construction of new buildings and roads. Traps were set
at 0700 h and checked twice daily at 1300 and 1700 h,
and monitored over two-day segments, twice a week
(Tuesday–Wednesday and Friday–Saturday). This
strategy allowed researchers to determine which part of
the day individuals were trapped. Once a V. salvator was
captured, data were collected, the animal was released,
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Fig. 1. Trapping locations for Varanus
salvator on the University of Bengkulu
campus, Bengkulu, Indonesia.

and the trap was reset at the next trapping period. Snoutvent-length (SVL) and total length (TL) measurements
were repeated three times for each individual to assure
accuracy, with averages used in statistical analyses.
Captured individuals were held down on a plywood
board for SVL and TL measurements (Fig. 4). Sexing of
V. salvator is typically done via probing (Bennett, 1995);
to avoid potential injury, animals were not sexed in this
study. Weather (dry vs. rainy), time of day (morning vs.
afternoon), and location of capture were also recorded.
Each captured V. salvator received a three number
identification mark applied on both dorsal lateral sides
of the lizard with silver permanent markers (Fig. 3). The
first number identified the trap in which the individual was
initially captured (a number between one and four). The
last two numbers were for individual identification (00–
99). Marking the lizards allowed for the identification of

recaptures and movements between trapping locations.
Physical identifiers (e.g., bite marks, scars, and plastics
caught around skin) were also recorded due to the
temporary nature of the marking system. To assist with
individual identification, photographs of the ventral and
dorsal sides of each lizard were recorded.
There were four weeks (eight trapping periods)
of dry conditions (~5.08 mm rainfall; 13 October – 7
November 2015) and three weeks (six trapping periods)
of rainy (~159.23 mm; 10 November – 28 November
28 2015) weather patterns over the course of this study
(National Centers for Environmental Information,
2017). To account for the differences in collection
times under dry and rainy weather conditions, the data
were adjusted for trapping effort by finding the weekly
averages of trapped V. salvator.
Descriptive statistics were utilized to show the

Fig. 2. Trap used to capture V. salvator. Wooden panels
were added later to reduce a common nose injury seen
in captured individuals.

Fig. 3. The marking technique used in this study.
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Table 1. Number of Varanus salvator captures according to weather and time of day.
Parameter

Variables

Weather

Rainy
Dry
Morning
Afternoon

Time of day

Number of captures
Traps 1 & 3
Traps 2 & 4
7
0
13
6
11
5
6
0

differences between V. salvator size and other variables
including trap location, time of day, and season. The
data were tested for normality and homoscedasticity. An
ANOVA and two sample t-tests were performed.
Results
In the seven weeks of trapping, a total of 26 captures
were recorded, including 25 unique captures and one
recapture (Table 1). The recaptured individual was
captured in the same location as its initial capture.
Snout-vent-length and TL of captured individuals
were positively correlated (Spearman’s Correlation
Coefficient: S = 334, rs = 0.591, p = 0.0142). Traps
located near trash piles had more captures (n = 20) than
locations further away from trash piles (n = 6; Fig. 4).
There were no significant differences between body size
and the location of capture (ANOVA: F = 0.0035, df =
1, p = 0.9538). Fifteen V. salvator were captured in the
morning and six were captured in the afternoon. There
was no significant difference between body size and
time of capture (Two-sample t-test: t = 0.331, df = 15, p
12
10
8
Number of
6
Captures
4
2
0

1

2

3

4

Trap Number

Fig. 4. The number of V. salvator captured at each
location over a seven-week period (13 October to 28
November 2015). Traps one and three were located near
trash piles (23-25 m), whereas traps two and four were
located farther away (≥ 225 m).

P -value
0.1456
0.2663

= 0.7451). Taking trapping duration into account, more
individuals were captured weekly during drier weather
(x̅ = 4.75) than rainy weather (x̅ = 2.33). There were no
significant differences in the sizes of V. salvator captured
in either season (Two-sample t-test: t = 1.1026, df =
15, p = 0.2876). Fisher’s tests revealed no significant
difference between the time of capture and weather
pattern (P-value = 0.634), location of capture and time
of day, or location of capture and weather pattern (Table
1).
Discussion
Only one V. salvator was recaptured and it was found
in the same trap location as the original capture. This
may suggest that movement between locations is limited;
however, reluctance to enter a trap a second time may
play a factor in this finding. Additionally, a caveat to
this study is that the individual marking technique used
was temporary, which could have skewed the data since
these lizards shed their skin periodically. However,
we also used visual identifiers to differentiate between
individuals, and no individual with notable identifiers
was captured twice.
The Bengkulu University campus is undergoing
extensive development, and it is possible that V. salvator
habitats will become increasingly fragmented. A new
road has been constructed and a hospital is planned to be
constructed where a pond currently exists; both of which
are located near trap four (Fig. 1). In addition to campus
expansion, another potential threat is general student
life. Varanus salvator are commonly seen crossing
roads on UNIB campus and most students avoid or pay
no attention to them. In areas outside of the campus, V.
salvator are considered to be pests when they eat pets
or livestock; in such circumstances, people may kill
monitors (UNIB students, pers. comm.).
There were no significant differences between the
sizes of V. salvator captured in relation to any of the
independent variables tested. This suggests that V.
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salvator of all sizes may utilize the habitats in this area
similarly. There were more V. salvator captured near
trash piles than at locations farther away from the trash
piles, which supports the findings of Uyeda (2009).
The effects of trash piles and high concentrations of
human food waste on V. salvator populations can be
complex. For example, Uyeda et al. (2015) found that V.
salvator had more agonistic interactions near trash piles.
Further study is required to understand the effects of
anthropogenic waste on urban V. salvator populations.
More V. salvator were captured in the morning than
in the afternoon, suggesting that they are more active in
searching for food during this part of the day. Varanus
salvator is diurnal in nature and rarely active at night,
although some nocturnal activity has been reported
(Uyeda et al., 2013).
On average, V. salvator were captured in greater numbers
during drier weather. Shine et al. (1998) noted that this
species experiences reduced reproduction during the
dry season. Fewer individuals caught in traps during the
rainy spell may be indicative of generally lower daily
activity rates. Uyeda et al. (2015) found that there are
seasonal shifts (dry vs. rainy) in trash pile interactions,
attributed to natural prey items being more abundant in
the rainy season. It has also been shown that V. salvator
has larger home ranges during the rainy season when they
fed on seasonally available food scraps from tourists on
Tulai Island, Malaysia (Traeholt, 1997). However, food
in trash piles on UNIB’s campus is available year-round
as there are only two two-week long academic breaks
a year for UNIB students. Regardless, fewer captures
during wetter weather may be attributed to prioritization
of breeding over foraging.
Trash piles can have a considerable impact on the
behavior and health of wild V. salvator populations.
The trash piles at UNIB are situated around burn piles.
Some trash is burned; however, the remaining unburnt
trash accumulates and putrefies. These trash piles
include items ranging from food scraps to plastic and
industrial waste. Thus, it is conceivable that V. salvator
are consuming toxic chemicals along with whatever
food scraps they scavenge. For further investigation,
there is anecdotal evidence from this study that V.
salvator are consuming plastics in the areas of high
trash density. Many V. salvator captured in this study
would regurgitate plastic food bags when handled.
Further exploration of the plastic consumption rate
and the impacts on V. salvator living in anthropogenic
environments would give a greater understanding of
urban populations of V. salvator. Conservation efforts
directed toward scavengers like the V. salvator must take
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into consideration the current food and waste disposal
system in Indonesia and other developing countries
around the world.
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