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Thermal Ecology of Habitat and Microhabitat Use by Sympatric 
Varanus bengalensis and V .  salvator in Sri Lanka 

Habitat and microhabitat use by Varanus bengalensis and V. salvator differ 
considerably; V. bengalensis ranged further inland from aquatic habitats than 
the semiaquatic V. salvator, which was found mostly in riparian and aquatic 
habitats. When active, V. bengalensis used warm, open microhabitats, but inactive 
animals either took refuge in structures such as tree hollows, termite mounds, 
and burrows or remained in microhabitats which provided some cover but little 
protective refuge. The temperatures in  refuges were stable but lower than day- 
time air temperatures, whereas the temperatures in the latter microhabitats were 
unstable. The habitats and microhabitats of V. salvator were, however, thermally 
stable and cooler than microhabitats of active V. bengalensis. Varanus salvator 
also used burrows for refuge. The body temperatures of the two species reflected 
their differential use of thermal habitats and microhabitats; active V. bengalensis, 
which used warm open microhabitats, had a high active body temperature, but 
inactive animals in  refuges had low body temperatures. Varanus salvator, which 
used cooler microhabitats during activity and inactivity, maintained a stable but 
low body temperature. Its body temperature also approximated the ambient 
temperatures in  the riparian and aquatic habitats. Thus, the two species had 
different thermoregulatory behaviors which required use of habitats and micro- 
habitats with different thermal regimes. 

MANY reptiles thermoregulate behavior- In this study we investigated the thermal cor- 
ally by selecting appropriate habitats, mi- relates of habitats and microhabitats used by 

crohabitats, and activity times (Huey, 1982; sympatric V. brngnlrnsis and V. snl?*ntor,to de- 
Pianka, 1986). Differences in thermoregulatory termine whether their different thermoregu- 
behavior among sympatric lizards can reflect latory behaviors require use of space and time 
thermal niche partitioning, which is manifested with thermal regimes which may reflect thermal 
along the spatial and temporal resource axes niche partitioning. 
(Magnuson et al., 1979; Tracy and Christian, 
1986). However, unless the immediate history 
of activity and microhabitat use of an animal is 
known, observations of thermoregulatory be- The  study was conducted at Uda Walawe Na- 
havior can be misleading (Avery, 1982). This is tional Park (UWNP; 60301N, 8Oo52'E), Sri Lan- 
especially true with large lizards because of the ka between April and Oct. 1989. A few obser- 
thermal inertia associated with bodv size and vational data ~ o i n t s  on habitat and microhabitat 
their ability to exert some control over body use (see Methods) were also gathered on the 
heat flux by vasomotor adjustments (Bratt- Panadura River near the southwestern coast, 
strom, 1973; McNab and Auffenberg, 1976; about 15 km south of Colombo. 
Earll, 1982). The  Dark is located immediatelv south of the 

Limited data on sympatric V. bengale)1sis and central hills, and straddles the wet and dry zones. 
V. saltlator in Sri Lanka suggest that their ther- Its habitat consists of t ro~ical  monsoon forest. 
moregulator~ behaviors are different and that riparian forest (bordering the Walawe River and 
there are some differences in habitat use and confluent streams), scrub jungle, savannah, iso- 
activity times (Wikramanayake and Green, lated rocky outcrops, and-numerous ephemeral 
1989). Both species are relatively large, with ponds. The  monsoon forest consists of small 
adult V. be,zgalensis and V. snlzjator attaining patches surrounded by sparse scrub jungle and 
snout-vent lengths exceeding 0.5 m and 1.0 m, grassland/savannah. The  major tree species in 
respectively (Deraniyagala, 1953; Wikramana- the riparian forest, ~rr tn i ) l n l i nnr juanand Hopen 
yake and Dryden, unpubl. data). Both are wide- cordzfolin, are confined to this habitat and form 
ly foraging predator-scavengers with overlap- a dense, high canopy. Detailed descriptions of 
ping, catholic diets (Deraniyagala, 1953; Losos the park habitat are given in Nugegoda et al. 
and Greene, 1988; pers. obs.). (1 987) and Dryden and Wikramanayake ( I  99 1). 
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METHODS and allowed 18 h to seven davs of acclimation 

We used radiotelemetry to continuously mon- 
itor habitat use, microhabitat use, and activity 
of both species. Temperature-sensitive trans- 
mitters also allowed us to measure the lizards' 
microhabitat temperatures. These data were 
then used to confirm other observational data 
on habitat and microhabitat use, activity, and 
body temperatures. 

Microhabitat is defined as the animal's im- 
mediate physical environment and is described 
by further qualifying the habitat types accord- 
ing to whether the animal was in shade or sun 
and above or on the ground. "Microhabitat 
temperature" was measured by the radio trans- 
mitter as the shaded ambient 'temperature im- 
mediately above the dorsal, pelvic region of the 
animal. This was an air temperature if the an- 
imal was in a terrestrial habitat or the water 
temperature if in an aquatic habitat. Outside 
air temperature was measured with a Schultheis 
thermometer as the shaded bulb temperature 
1 m above ground level in an open, sunny area. 

Behavior was classified as (1) active-animals 
observed foraging, walking, or basking in open, 
exposed microhabitats; or (2) inactive-animals 
resting in microhabitats affording shade and 
cover (e.g., tree branches with overhead vege- 
tative cover) or in refuges. 

We identified four habitat types as follows: 
(1)refuge-physical structures such as burrows, 
termite mounds, tree hollows, etc., which pro- 
vided protection; (2) inland-all terrestrial/ar-
boreal habitats such as monsoon forest, scrub 
jungle, grassland/savannah located inland from 
the riparian forest; (3) riparian-all riverine 
forest, which varied in extent depending on the 
location but was demarcated by a sharp tran- 
sition from high forest to scrub or grassland/ 
savannah; and (4)aquatic-any aquatic habitat 
including the river, streams, lakes, ponds, etc. 

Radio-tagged animals.-Five animals of each spe- 
cies were captured and equipped with temper- 
ature-sensitive radio transmitters (=radio-tagged 
animals). The  transmitters (1 1-13 g), weighed 
less than 1 R of the body weight of the smallest 
animal of either species so equipped. Each trans- 
mitter was sewn onto a piece of Cordura nylon 
material (7 x 10 cm), which was then contact 
cemented onto the dorsal surface of the ani- 
mal's pelvic region. The  transmitters were po- 
sitioned such that the thermistor probes were 
exposed to ambient conditions but were shaded 
from incident sunlight. Radio-tagged animals 
were released at their respective capture points 

before being radio tracked. 
Each animal was tracked continuously from 

0600- 1800 h for three consecutive days, during 
which time we determined activity, habitat type, 
microhabitat (in each habitat), microhabitat 
temperature, air temperature, behavior, time 
of day, and weather condition. These data were 
obtained every 15 min throughout the tracking 
period. Animals were observed, with binoculars 
when necessary, from 25-100 m depending on 
the habitat, and we took precautions to avoid 
disturbing or alarming them. At the end of each 
tracking period, the animals were recaptured 
to remove the transmitters and released. 

,Van-radio-tagged animals.-Habitat, microhab-
itat, and temperature data were also obtained 
for other animals which were not radio tagged 
(nontagged animals). We searched extensively 
for animals throughout the different habitat 
types in the study site and examined potential 
refuges such as tree hollows, dens, and termite 
mounds. Searches covered all hours between 
0600 h and 1800 h. When an animal was spot- 
ted, we recorded its habitat, microhabitat, 
microhabitat temperature, behavior, air tem- 
perature, time of day, and weather. The  micro- 
habitat temperature was recorded at the exact 
spot (trunk position) that the animal was first 
sighted. Other variables were recorded as for 
the radio-tagged animals. The microhabitat data 
include multiple observations on some animals 
but none on the same day; thus multiple obser- 
vations were considered to be independent. Data 
from these nontagged animals were treated sep- 
arately from the radio-tagged animals during 
the analysis. 

Body temperature.-Animals of both species were 
also captured throughout the study to deter- 
mine body temperatures. Body temperature was 
obtained immediately after each capture, and 
capture times did not exceed 10 min. Because 
prior experiments on heating and cooling have 
shown considerable thermal inertia in large var- 
anids (Brattstrom, 1973, McNab and Auffen- 
berg, 1976; Earll, 1982), we assumed there 
would be no substantial change in body tem- 
perature during the capture period. T o  ensure 
that a deep cloaca1 temperature was obtained, 
we first inserted a stiff plastic tube (8 cm) into 
the cloaca, and the Schultheis thermometer was 
inserted through this tube until the bulb 
emerged from the opposite end. Along with 
each body temperature, we obtained the cor- 



WIKRAMANAYAKE AND DRYDEN--VARANID THERMAL ECOLOGY 71 1 

Refuge Inland Riparian Aquatic 

$ 40--
35-

30-
-

25-

' E  20 
6 

Habitat Type 

Fig. 1. Distribution of Varanus bengalensis and V.  
salvator in the four habitat types. Habitat categories 
are defined in Methods. 
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perature data were obtained-more than once 
for recaptured animals, but because there was 
an interval of at least two days between cap-
tures, the multiple body temperatures obtained 
from the same-animal were considered inde-
pendent. 

Because free-ranging Vararzus are somewhat 
difficult to capture and our sample sizes for body 
temperatures are low, we incorporated data 
from a previous study conducted at Ambalan-
tota, about 40 km south of UWNP, but also 
along the Walawe River (see Wikramanayake 
and Green, 1989), into the analysis. A regres-
sion of body temperature versus air tempera-
ture confirmed (ANCOVA; V. bengalensis: n = 

26, F = 0.094, df = 1, P = 0.76; V.  salvator: n 
= 24. F = 0.1 10. df = 1. P = 0.74) that there 
were no intersite differences in the temperature 
relationships for each species. 

Ha bitat/mzcrohabitat use and tevtperature.-There 
was a marked interspecific difference in habitat 
and microhabitat use by the two species. Var-
anus salzlator was most often found in riparian 
and aquatic habitats, whereas V,  bengalenszs 
ranged further from the river and was more 
frequently found in inland habitats (Fig. 1). 
Those V. bengalenszs found in riparian habitats 
were usually smaller animals, presumably ju-
veniles and subadults. Varanus bengalenszs also 
occupied refugia such as termite mounds, small 
burrows, tree hollows, etc., whereas V. salvator 
took refuge in extensive burrow systems and 
dense thickets close to aquatic habitats. 

28 ,,,.d.,,*~*,a* ACTIM. walking along in dense 

in burraw riparion & in marsh thickst 
24 
0600 0900 1200 1500 1800 

TIME (hrs) 

Fig. 2. Microhabitat-behavior profiles for radio-
tagged Varanus bengalensis (Vbl and Vb2) and V. sal-
z~ator(Vs). Microhabitat temperature profiles are in-
dicated by the lines with symbolsand air temperature 
profiles by the plain lines. Temperatures were re-
corded every 15 min from 0600- 1800 h. 

Radiotelemetry indicated differences in mi-
crohabitat temperature regimes between the two 
species, as represented by the microhabitat-be-
havior profiles for two V. bengalensis and one V. 
salz~atorin Figure 2. Active V. bengalensis were 
mostlv in microhabitats where temweratures 
were higher than air temperatures. The  micro-
habitat-behavior profile for an active animal (Fig. 
2, Vbl)  shows that, after the animal emerged 
from its overnight burrow, it basked near the 
burrow entrance before walking toward and into 
a patch of forest. The  ambient temperature in-
side the forest was lower than the-outside air 
temperature. The  animal finally entered a hol-
low tree trunk where the micrdhabitat temper-
ature was stable. The  temperatures in micro-
habitats occupied by inaciive animals out of 
refuges fluctuated closely with air temperatures 
(Fig. 2, Vb2). Thus, inactive V. bengalensis were 
in microhabitats where temperatures either ap-
proximated, or were lower than, air tempera-
tures (Fig. 2). 

In contrast, active V. salvator tended to re-
main in microhabitats that were cooler than the 
daytime air temperature, and these microhab-
itat temperatures showed little variability rela-
tive to the air temperature (Fig. 2). The  spikes 
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Fig. 3. Microhabitat temperatures for nontagged 
Varanus bengalensis (circles) and V. salvator (triangles) 
during the day. Active animals (walking, foraging, 
basking in open) are indicated by open symbols and 
inactive animals (in refuges, lying in shade) by shaded 
symbols. The daytime air temperature profile is rep- 
resented by the solid line. 

in the niicrohabitat temperature profiles for Vs 
in Figure 2 occurred when the animal crossed 
open-stretches (e.g., elephant crossings at the 
river) in the riparian. Like the burrows, the 
dense thickets used by V. salz~ator were also ther- 
mally stable. 

~ b s tnontagged animal data were for active 
animals, which were foraging, walking, or bask- 
ing and therefore easier to spot. From late 
morning to midafternoon, most microhabitat 
temperatures of active V. bengalensis fall above 
the daytime air temperature profile (Fig. 3). Mi- 
crohabitat temperatures for V.  salz~ator, how-
ever, are mostly below the air temperature pro- 
file (Fig. 3). Thus, during the day, active V. 
bengalensis occupied warmer microhabitats than 
did active V. salvator (Table 1). There were no 
statistical differences in microhabitat tempera- 
tures between inactive V. bengalenszs and V. sal- 

Body temperatures.-The daytime body temper- 
ature profiles of each species reflect their re- 
spective microhabitat temperature profiles. Like 
its microhabitat temperature profile (Fig. 3), the 
body temperatures of V. bengalensis were higher 
during midday hours but lower during the early 
morning and evening hours (Fig. 4). Body tem- 
peratures of V. bengalensis extricated from ref- 
uges were lower than of animals out of refuges 
(29.9 C + 2.1 and 33.1 C f 3.3,  respectively; 

TABLE1 .  TEMPERATURES(C MEANS+ SD; n) OF M I -

CROHABITATS OCCUPIED ACTIVITYANDDURING 

INACTIVITYFOR NONTAGGEDVaranus bengalensis AND 

V.salvator. Active animals were walking, foraging, and 
basking in open microhabitats. Inactive animals were 
either resting in shaded microhabitats that provided 
cover or were in refuges. Statistical comparisons were 

by t-test. 

V bengalensu V salualor P 

Active 32.1 + 2.14; 47 29.7 ? 1.77; 46 <0.01 
Inactive 31.5 ? 2.78; 15 29.6 + 2.06; 18 n.s. 
Refuge 30.2 ? 2.61; 7 28.2; 1 

n f SD; t = 2.2 17; df = 24;P = 0.036) regardless 
of time of day. In contrast to V. bengalensis, the 
profile for V. salzlator showed relatively constant 
body temperatures throughout the day (Fig. 4). 

The  daytime body temperatures of V. salz~ator 
(30.4 C f 2.1) were also much lower than those 
of active and inactive V,  bengalenszs out of ref- 
uges (33.1 C f 3.3) (t = 3.15; df = 42; P = 

0.002). The  slope of the regression between the 
body temperature and air temperature was 
higher for V. bengalensis, than that for V. salvator 
(Fig. 5; ANCOVA n = 50; F = 14.879; df = 1; 
P = 0.000). 

T h e  two species of monitor lizards exhibit 
some spatial segregation. Varanus bengalensis 
ranges further from aquatic habitats and is ac- 
tive in warmer microhabitats than V. salzlator. 
which is most frequently found in the cooler 
riparian or aquatic habitats. 

The  radio-tracking data confirmed the ob- 
servations of habitat/microhabitat use and mi- 
crohabitat temperatures of nontagged V. ben- 
galensis during activity and inactivity. Varanus 
bengalensis is active during the midday hours 
and was frequently observed basking, walking, 
and foraging in warm, open microhabitats where 
temperatures often exceeded air temperature. 
~ c t i v i t ~in such open, terrestrial hab:ltats may 
facilitate achieving a high, active body temper- 
ature by this species. This relationship between 
body temperature of active V. bengalensis and 
air temperature is similar to that of other ter- 
restrial varanids. which also tend to maintain 
higher-than-ambient body temperatures when 
active (Stebbins and Barwick, 1968; King, 1980; 
Auffenberg, 198 1). However, inactive animals 
seek refuges which are cooler than ambient air 
temperatures or remain inactive in microhabi- 
tats that afford some cover (tree branches and 
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